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- NOTICE TO AUTHORS 


1. Forwarding Address. Papers intended for publication in 
the JournaL or CuemicaL Epucation should be submitted to 
Wiuuram F. Krerrer, Editor, College of Wooster, Wooster, 
Ohio. 

2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced with 2-3 cm. 
margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
society, date, and occasion should immediately follow the author’s 
name. Purple hectograph copy and mimeographed copy are not 
acceptable. The usual editorial customs, as exemplified in the 
most recent issue of the JouRNAL, should be followed as closely 
as possible. 

Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 

3. References and Footnotes. In historical] and biographical 
articles and in papers containing no more than six literature refer- 
ences it is desirable that the references be handled as footnotes. 
Such references should be designated by superior numbers and 
the reference itself should be placed in the body of the text im- 
mediately following the citation and set off by rules. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The list of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the ‘List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found, or if the 
entire article is the reference, give the page numbers inclusive), 
and (5) date of publication. 


Example: 
(1) Kraus, C. A., anv C. L. Brown, J. Am. Chem. Soc., 52, 
3690-6 (1930). 

A reference to a book should include, in the order named: (1) 
author’s name, (2) title of book (enclosed in quotation marks), 
(3) edition, if more than one, (4) name of publisher, (5) address 
of publisher, (6) date of publication, (7) volume number, (8) 
pages (give exact page number at which the point cited is to be 
found). 


Ezample: 
(1) Cousn, J. B., “Organic Chemistry for Advanced Students,” 


5th ed., Longmans, Green and Company, New York, 1928. 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of ob- 
scure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text by superior numbers in sequence with 
other footnotes in the article. Such a footnote should be inserted 
as a separate line (or lines) immediately following the word to 
which it refers and should be separated from the text by lines. 


- 4, Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. Unless . 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- — 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not be less than ten millimeters on 
a side; the lines of the curves should be the heaviest, except 
the axes; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coordinate axes, the number of the figure, and any necessary . 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘Chemical Drawing”’ [“I. Fundamentals of chemi- 
cal drawing,” J. Cuem. Epuc., 11, 21-3 (1934); “II. Conven- 
tiona) representation of materials and equipment,” 23-7. “III. 
Arrangement of drawings,” 154-8 “IV. Charts, graphs, and 
diagrams,” 235-41 “V. Photographs,” 546-50.) 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Reprints are 
delivered approximately one month after articles appear. 
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THE ‘“CHEMIST’S’’ PART IN TEACHER 
TRAINING PROGRAMS 


Are the colleges and universities ready to educate, 
or even train, the personnel that will supervise class- 
room activity one, five, or more years from now? In 
too many cases the answer is “no.” 

In the last year only a few chemistry and no physics 
teachers were certified by the State of Michigan and 
there is no reason to believe that the national picture is 

uch brighter. 

Thirty or forty years ago the requirements in formal 
education courses were fewer or non-existent. Like- 
wise the number of chemistry courses offered by colleges 
were fewer in number, more descriptive in nature, and 
equired less collateral mathematics and physics. The 
praduate professional chemist and the prospective high- 
school teacher received essentially the same training 
and were held in the same esteem as far as scholar- 
ship and professional training were concerned. Now 
ncreased requirements in the techniques, psychology, 
and philosophy of education have to compete with in- 
reased specialization and the rapidly expanding theo- 
etical development of physical sciences. There is not 
oom in the four-year or even a five-year curriculum 
or everything that might be desirable. 


Most of us know a number of outstanding science 
teachers who have started many of their best students 
on a scientific career. Most of these teachers have, or 
are about to retire. They have not been replaced in 
kind nor in numbers sufficient to exert the same in- 
fluence on the present student generation. 


A NEW PROGRAM IS NECESSARY 


Before any large number of students can be expected 
to enroll in a curriculum leading to certification as 
science teachers, they must be offered one of reasonable 
dimensions that is challenging and leads to a recogni- 
tion of attainment comparable to that available by 
equal effort in other areas. Also, it must be possible to 
build upon this curriculum in a master’s degree program 
without loss of credit or time when the inservice 
teacher returns to the campus for the further work re- 
quired for advancement and permanent certification. 

The new teacher must be prepared to teach more than 
one subject and in many cases to combine what he 
has learned in a general science course. This require- 
ment further broadens the base while decreasing 
depth. The course requirements for professional 
chemists’ training are too numerous and in many cases 
not particularly appropriate for the prospective high- 
school teacher, 


Fred Dutton is no stranger either to readers of TH1s JouRNAL 


or to those acquainted with the activities of the Division of 
Chemical Education. He has been a frequent contributor and 
serves at present on the editorial board. His service to the Di- 
vision has included a term as treasurer and activity on all of its 
committees. His enthusiasms are never average-sized. His 
concern for improving general chemistry teaching has led to his 
being one of the profession’s authorities on lecture-demonstra- 
tions. (Tis JourRNAL starts a new series under his editorship 
with this issue.) His research interest in the inorganic halides 
has led to his assuming the duties of a section editor for Chemical 
Abstracts. Even his hobbies are intense: a private pilot’s license 
and a self-built home. 

He knows chemistry teaching from wide experience—high 
school, college, and university. The editor is pleased to share 
with readers of this page the convictions he has about the teach- 
ing of teachers. These comments are taken from the paper read 
before the Division at the Dallas meeting, April, 1956. 
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COOPERATION IS NEEDED 


During the last twenty-five years, chemistry de- 
partments have been greatly concerned with the prob- 
lem of adequately training research chemists. Un- 
fortunately, during this period also, there has de- 
veloped a wide void between the subject-matter 
specialist and the educationist. Lines of communica- 
tion must be established between these two groups be- 
fore a reasonable and worthwhile program can be 
offered for the training of science teachers. It is just 
as unreasonable for the science teacher to contend that 
anyone who knows his subject matter can teach as it is 
for the educational faddist to contend that anyone 
who knows how to teach can teach anything. It seems 
obvious that the college or university science depart- 
ments, that are truly concerned with the education of 
present and future generations of young people, should 
“bury the hatchet reserved for educationists.”” They 
should seek out, recognize, and use the educational 
psychology, philosophy, methods of evaluation, and 
techniques of teaching, which have merit, and willingly 
incorporate these things in the curriculum of the re- 
spective teacher. At the same time all unnecessary 
duplication in the courses in professional education 
should be eliminated. 

Our elementary and secondary school systems are 
under the control of, and operated by, the product of 
schools and departments of education. Any influence 
that “subject matter teachers” hope to have on pri- 
mary and secondary school curricula can only become 
effective by constructive suggestions and cooperation 
with those in control of the educational system. 


FIFTH YEAR PROGRAMS 


Thousands of high-school teachers return to college 
and university campuses each summer or attend even- 
ing and Saturday classes to qualify for advancement and 
salary increments. Only a minority elect advanced 
work in science courses. Since there must be a number 
of classroom teachers for each administrator in any 
school system, many of these enrollees myst be looking 
forward to a lifetime of classroom service. Why, then, 
do they not enlarge their store of subject matter? 
An examination of the prerequisites for admission to 


courses granting graduate credit shows one good and 
sufficient reason. The barriers, in the form of pre- 
requisites, raised in front of admission to graduate pro- 
grams in subject-matter areas have been the result of a 
logical desire to preserve the integrity of professional 
programs. The M.A., the M.S., and the Ph.D de- 
grees were originally intended to signify a mastery in 
depth and a contribution of new knowledge as the re- 
sult of original research to a rather narrow field. 

The working teacher in his undergraduate work was 
unable to find time in his crowded curriculum to take 
enough work in subject matter areas to qualify for ad- 
mission to such graduate work. He now finds himself 
frozen out. He does not have the time, inclination, or 
money to do an additional year of non-credit work to 
qualify. Such work would not be recognized either 
for certification or salary increments. Hence further§ 
work in professional education is the only possible 
path to a required objective. A door to additional the! 
work in science must be opened if better qualified? 
teachers are to be obtained and maintained for thee”! 
high schools. cide 

Perhaps one solution might lie in the creation of with 
courses for graduate credit which would teach under- 
graduate subject matter at a more mature level. 
This question deserves careful consideration by our 
college faculties. It should, however, be offered only 
if it can be accepted as academically respectable. 

The high-school teacher requires this different kindyj* 
of background. He must be reasonably well versed at 
an introductory level in a number of different areas 
reflected by the requirements for a major, two minors, 
professional education, and general education. His 
education encompasses a wider base and less depth 
at any given point. He spends just as much time and 
may develop as much scholarship as his classmate in aj 
subject-matter area curriculum. He wants, and if de-# 
serving should receive, as much recognition. Why 
not use a different and more appropriate label for the 
degree thus earned? Such a development should re- 
move any possible confusion concerning the type o 
training involved and the opposition from faculties 
primarily interested in the professional specialist. 
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FrepDEric B. Dutton 


Tue thousands of readers of TH1s JouRNAL who have become familiar with Tested Demonstra- 
tions in General Chemistry will be glad to discover that this issue maintains the policy of featuring 
information especially useful for those who plan a consistent program of lecture demonstrations. 

Professor Hubert N. Alyea of Princeton University will continue to share with JoURNAL readers - 
the knowledge, experience, and enthusiasm which have made him the world’s foremost authority 
on the subject. (His series which has appeared over the last two years is being translated into 
Japanese!) As a supplement to the treatment afforded the topics in his series, Dr. Alyea has 
prepared abstracts and bibliographic notes on the hundreds of demonstration ideas which have 
filled the pages of TH1s JouRNAL during its 33-year existence. Pages A37 and A38 of this issue 
bold the first of these to be published each month during 1957. 

A second new series, edited by Dr. Dutton, also begins with this issue. Page All holds the 
first two items. These are typical of what we hope will be a continuing JourRNAL feature. They 
were submitted by contributors, checked by collaborators, and prepared by the editor to be printed 
in a form suitable for transfer to filing cards for permanent ready reference. 


TESTED DEMONSTRATIONS IN CHEMISTRY Lovis 
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Ixrropuction last year of a new set of experiments for 
the laboratory work of a class of 250 beginners in or- 
ganic chemistry presented more of a problem than I 
had anticipated. We adopted not only the new ex- 
periments described in the third edition of my manual,! 
but also all the new equipment, and some of it was late 
in arriving. I had little direct contact with the sixteen 
assistants, many of whom were first-year graduate 
students. The more experienced assistants tended to 
look askance at techniques and apparatus foreign to 
their own experience. All the students presumably had 
read the instructions, but their setups often bore little 
evidence of an appreciation of the written word. I de- 
cided to put on some demonstrations, as I had done 
with reasonable success some years ago when the class 
was smaller. But in two groups of 125 students each, 
anything much smaller than a 1-liter flask could not be 
seen by those in back. The lecture table had no steam 
bath or proper kind of sink and suction pump. In- 
numerable items of equipment and chemicals had to be 
assembled in my laboratory and transported from the 
second floor of one building to the basement of another. 
What was done for the Tuesday sections had to be re- 
peated for the Wednesday sections. 

I then thought of a movie, and the idea became more 
and more appealing as I looked into this possibility. 
Photography could insure perfect visibility to a student 
group of any size, even of phenomena on a micro scale. 
For example, a sample melting in a capillary tube could 
be shown in a close-up. Striking phenomena could be 
demonstrated ideally by color photography. An ex- 
periment lasting many hours could be shown in a few 
inutes of film. The demonstrations could be done 
vith all the facilities of one’s own laboratory. 

A photographer friend went over a tentative script 
estimated to cover about fifty minutes of film and 
gured that he could make the movie at a total cost of 
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JUTTON 


1 Freser, L. F., “Experiments in Organic Chemisiry,” 3rd ed., 
ID. C. Heath and Co., Boston, 1955. 


Louis F. Fresrer, Sheldon Emery Professor of Organic Chemistry 
at Harvard University, taught the beginning course in organic 
hemistry at Bryn Mawr College in 1926-30 and since then has 
aught the corresponding course at Harvard. His interest in the 
aboratory part of the course was expressed in publication in 1935 
of the student manual ‘‘Experiments in Organic Chemistry,” 
and in the appearance in 1955 of an extensively revised third 
edition of the work. 

Readers familiar with the latest edition of the Fiesers’ text- 
book will recognize its ‘‘trademark,’’ Shio Pooh, who is trying to 
steal the catnip and ends up stealing the accompanying scene in 
he film. In appreciation of a Japanese printing of one of their 
books, the Fiesers named their blue-eyed cat after Kuroshio, the 
blue) Japan Current. The new ‘“Shio book” includes a section 
on the attractive principle of catnip. 
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MAKING AN INSTRUCTIONAL FILM 


LOUIS F. FIESER 
Harvard University, Cambridge, Massachusetts 


$3000. We would shoot the photography first, and 
could talk back and forth during the process; I would 
later make a narration to fit the film as we edited it. He 
was sure he could make a perfect picture on the first 
take and was allowing for no wastage. I applied to a 
local fund for a grant to meet the estimated cost and 
eventually got it, but in the meantime I had visited an 
experienced producer, viewed some educational films, 
and learned enough about the techniques of picture 
making to get some impression of the problems and 
difficulties involved and to fear that the production 
my friend and I had contemplated would be amateur- 
ish. He could do his part, but I began to realize that I 
could not do the acting required without professional 
direction, and that the narration had best be done by a 
professional skilled in interpretative reading and timing. 
Motion picture production is a specialized business, and 
the standard cost of $600—-$1000 per minute of finished 
film is amply justified. 

The film I wanted to make, if done by a professional 
producer, would cost ten times the grant available to 
me. In feeling around for the large subsidy needed, I 
was pleasantly surprised to find that The Fund for the 
Advancement of Education was just at the point of 
announcing appropriation to a Committee on Utiliza- 
tion of College Teaching Resources of $500,000 for one 
year for support of “experimentation in colleges and 
universities with respect to more effective utilization 
of teaching resources in providing undergraduate in- 
struction of the highest quality.” My project seemed 
directly in line with the stated objectives, and an ap- 
plication for support received favorable action. The 
project actually involves two responsibilities: (1) to 
make a satisfactory training film, and (2) to collect in- 
formation derived from the experience that may be of 
use to others considering projects in audio-visual edu- 
cation and starting with no more of a background in 
movie technique than I had. This paper is thus an 
open report to the major sponsor. 
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: A Scene from the Film 


The film was to be in four parts, to be shown at 
suitable stages in the laboratory work of a beginning or- 
ganic course. It would demonstrate usual and novel 
uses of standard and accessory equipment, and show ad- 
vantageous ways of arranging and operating assemblies 
for fractional distillation, melting point determination, 
and Rast determination of molecular weight. Part II, 
devoted to crystallization, would show the student 
efficient ways of carrying out solubility tests, gravity 
and suction filtration, clarification, collection of 
crystals, vacuum drying. It could also include phe- 
nomena of great beauty, such as spontaneous separa- 
tion of crystals and the seeding of a supersaturated 
solution. Color photography would make possible 
demonstration of the rapidity of action of decolorizing 
carbon, the ratio of activated carbon to a colored ad- 
sorbate, and the dependence of speed of filtration of 
mother liquor on the particle size of the precipitate. 
Experiments for Part III on extraction, countercurrent 
distribution, and elution chromatography offered par- 
ticular opportunity for use of colored compounds, both 
for easy visualization of the phenomena concerned and 
for added interest. For example, a green ethereal solu- 
tion on extraction with alkali affords a blue upper layer 
(azulene) and a red lower layer, and acidification of the 
latter liberates the yellow acidic component (lapachol). 
Distribution of two yellow pigments between ether and 
an aqueous buffer in ten separatory funnels, shown 
merely at the initial and terminal stages, would show 
at a glance the efficacy of the countercurrent method. 
Part IV was to be somewhat different from the rest and 
can be described later. 

Owing to preoccupation with books, I did not de- 
liberate about possible producers but selected the Cen- 
tron Corporation, whose studio I had happened to visit 
while on a speaking trip. The distance from Boston to 
Lawrence, Kansas, did not present any appreciable 
difficulties. Two executives of the production firm 
came on for a first discussion of plans, which were 
further developed in a later visit from one of the execu- 
tives in company with the man designated as director 
and charged with the responsibility of deciding on 
scenes, camera angles, film footage at each exposure, 
and, in short, of.interpreting my original ideas into a 
sufficient number of satisfactory photographic se- 
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quences for preparation of a finished production. I re 
vised the tentative script after each conference and 
thought, after the second one, that I was all set. | 
realize now that later difficulties and delays might have 
been avoided if the preparative period had include 
indoctrination from the cameraman in the problems 
with which he is faced and the experience of looking 
through the camera viewfinder. I naively thought that 
my job was to do the experiments and that the camera 
man had the independent job of photographing them 
satisfactorily. I was to learn that a successful outcome 
requires cooperation and understanding on both sides 


RECOGNIZING PRODUCTION PROBLEMS 


On the first few days of production we were con 
fronted with an outside temperature of 96°. Four 2000 
watt spot lights and a couple of 1000-watt flood lights 
not only raised the temperature but completely de 
stroyed my idea of doing the experiments in the comfort 
and seclusion of one’s own laboratory. A small roo 
littered with cameras and lights and electric cables is no 
longer a nice private laboratory. We were able to 
operate at all and to keep perspiration from showing 
on hands and face only by rigging up a couple of as 
barrels of ice with fans blowing over them. Some initia 
footage of film was spoiled because of a misconceptioi 
based on the early discussion with my photographe 
friend, whose suggestion that in some of the scenes we 
would talk to each other for guidance led me, in prac 
ticing sequences, to speak the script to myself. But my 
face showed in one scene of an early sequence, and o1 
seeing my lips move the director ordered a halt and 
made the point that moving lips obviously not syn 
chronized with sound track to be made later woul 
produce a ridiculous effect. This is Just one of the nov 
obvious points that I had failed to anticipate. 

Others were encountered on the following day, whe! 
some scenes had to be skipped because my lips, althoug 
now immobile, had been badly puffed up from the heat 
and from hay fever. We turned to a sequence in whic 
my face would be invisible if I remembered to lea 
back, and I arranged the pieces of equipment as 
thought they should be and went through the opera 
tions as I proposed to perf>rm them. The cameramar 
seemed awfully fussy. i iad put the graduate to thi 
right of the wash bottle, and he wanted it put to thi 
left. I wanted to scrape a sample of white solid out of : 
white glazed paper with a spatula in my right hand, but 
thedirector and cameraman, after lengthy study, wante 
me to use a yellow paper, which was less smooth, an 
either to scrape with my left hand or to screw my hand 
around into a position which was very awkward so thé 
solid would be visible to the camera. I was so mad 
hot, stage-struck, and generally nervous, that I messet 
up five or six successive trials of the short sequence a 
one stage or another. The situation looked so blac 
that I called on an able former student for help. Mj 
young double was calm and collected, still accustomet 
to taking orders, and ambidextrous, but it took a! 
afternoon of practice and several trials under th 
camera before he finished the sequence successfully. 

Watching the performance was a revelation. I begal 
to see the problem objectively, and to think abou 
production of a movie and not just about the laborator 
techniques. I looked through the viewfinder for th 
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first time and saw the picture as an audience would see 
it, and this was-a good bit different from what the 
operator saw. Of course the cameraman did not want 
the graduate to be to the right of the wash bottle, for in 
that position it was not visible. On seeing the limits to 
which the action would have to be confined, restric- 
tions which previously had seemed silly and annoying 
became perfectly obvious. 
thinking of something like a movie of a basketball game 
taken by a sports photographer, and had not appre- 
ciated that the result would have very little instruc- 
tional value in comparison with a training film staged to 
bring out every bit of essential action. 

Another lesson learned in this period was the tech- 
nique of shifting from one scene to another. A. scene 
is the footage from the time the camera is started until 
it is stopped. Suppose a given operation can be 
demonstrated fully in a single scene of 50 feet and that 
everything comes off smoothly except for a false move- 
ment 5 feet from the end. I had thought that correc- 
tion could be made by retaking the last 6-7 feet and 
splicing the corrected film onto the satisfactory part of 
the first take. However, it is impossible to rearrange 
all the objects in view, as well as the hands, exactly the 
way they were the first time, and if anything is dis- 
placed by as much as a quarter of an inch the picture 
will seem to jump and will be no good. Thus either the 
whole 50-foot scene is retaken, or correction is made 
through the artifice of either a elose-up or a head shot. 
If some view a short distance ahead of the fault in the 
original take is suitable for a close-up shot, this shot 
can be made later and spliced in to produce a break. 
The remainder of the scene to follow the close-up is then 
redone; it can be photographed from the same angle as 
that of the original take, or from a different angle. The 
alternative technique of introducing a break is to shift 
from the main scene to a view of the demo strator’s 
head looking down at the work, 
and then shift to the new take. 
The‘ useful purpose of head 
shots was not explained to me 
until, at the end of the work 
proper, I was in the process 
of posing for them. They had 
me face the camera and look 
down out of the picture limits 
at my “ work,” which consisted 
in pouring water from one 
beaker to another, turn slightly 
to the left and pour, and then 
turn slightly to the right and 
pour. To meet any possible 
contingencies that might arise 
in editing, I had to go through 
the silly business four times 
wearing the ties that appear in 
PartsI-IV. Actually, none of 
the head shots was used. 

A time lapse, for example, 
while a solution is being 
evaporated on the steam bath 
to one-third the volume, is 
done by a film-processing tech- 
nique of “dissolving,” in which 
the three quarters-full flask 
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I am afraid I had been - 


disappears by stages while a one quarter-full flask ap- 
pears in the same way. The apparatus remains exactly 
where it was, and hands can be removed, but without 
the illusion of transition created by the “dissolving,” 
the jump from one liquid level to another would appear 
ludicrous. 

With the understanding and indoctrination ac- 
quired from viewing a few sequences objectively, the 
need for a double vanished and the rest of the produc- 
tion went off at a greatly accelerated pace and with 
much better results. One early sequence that had 
taken half a day was retaken in half an hour with at 
least 100% improvement. The troublesome scene 
showing a white solid being scraped out of a creased 
yellow paper had not looked quite right because my 
double, using his left hand, had been slow in effecting 
the operation and had left a trail of solid along the 
crease. We thus substituted a close-up in which I 
operated in a comfortable position and the camera 
angle was adjusted to secure full visibility. The taking 
of new scenes was greatly simplified by revision of sup- 
posedly finalized script in accordance with technical re- 
quirements of camera work. 


MARTIUS YELLOW PRIZE COMPETITION 


Part IV had seemed at the outset to present a special 
problem. It involved a sequence of preparations and 
was intended to show how time can be saved by dove- 
tailing operations and anticipating needs. a-Naphthol 
is converted through the disulfonate into the dinitro 
derivative, Martius Yellow, a sample of which is 
crystallized and saved. The rest is reduced to the 
diamine, half of which is oxidized and half converted to 
the N,N-diacetate. Samples of the two products are 
crystallized and the rest used for conversion to further 
derivatives, and eventually the 5 grams of starting ma- 
terial is transformed into seven beautifully crystalline 


A Studio Office: Harvard in Kansas 
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: A Scene from the Film 


The film was to be in four parts, to be shown at 
suitable stages in the laboratory work of a beginning or- 
ganic course. It would demonstrate usual and novel 
uses of standard and accessory equipment, and show ad- 
vantageous ways of arranging and operating assemblies 
for fractional distillation, melting point determination, 
and Rast determination of molecular weight. Part II, 
devoted to crystallization, would show the student 
efficient ways of carrying out solubility tests, gravity 
and suction filtration, clarification, collection of 
crystals, vacuum drying. It could also include phe- 
nomena of great beauty, such as spontaneous separa- 
tion of crystals and the seeding of a supersaturated 
solution. Color photography would make possible 
demonstration of the rapidity of action of decolorizing 
carbon, the ratio of activated carbon to a colored ad- 
sorbate, and the dependence of speed of filtration of 
mother liquor on the particle size of the precipitate. 
Experiments for Part III on extraction, countercurrent 
distribution, and elution chromatography offered par- 
ticular opportunity for use of colored compounds, both 
for easy visualization of the phenomena concerned and 
for added interest. For example, a green ethereal solu- 
tion on extraction with alkali affords a blue upper layer 
(azulene) and a red lower layer, and acidification of the 
latter liberates the yellow acidic component (lapachol). 
Distribution of two yellow pigments between ether and 
an aqueous buffer in ten separatory funnels, shown 
merely at the initial and terminal stages, would show 
at a glance the efficacy of the countercurrent method. 
Part IV was to be somewhat different from the rest and 
can be described later. 

Owing to preoccupation with books, I did not de- 
liberate about possible producers but selected the Cen- 
tron Corporation, whose studio I had happened to visit 
while on a speaking trip. The distance from Boston to 
Lawrence, Kansas, did not present any appreciable 
difficulties. Two executives of the production firm 
came on for a first discussion of plans, which were 
further developed in a later visit from one of the execu- 
tives in company with the man designated as director 
and charged with the responsibility of deciding on 
scenes, camera angles, film footage at each exposure, 
and, in short, ofinterpreting my original ideas into a 
sufficient number of satisfactory photographic se- 


4 


quences for preparation of a finished production. I re- 
vised the tentative script after each conference and 
thought, after the second one, that I was all set. | 
realize now that later difficulties and delays might have 
been avoided if the preparative period had included 
indoctrination from the cameraman in the problems 
with which he is faced and the experience of looking 
through the camera viewfinder. I naively thought that 
my job was to do the experiments and that the camera- 
man had the independent job of photographing them 
satisfactorily. I was to learn that a successful outcome 
requires cooperation and understanding on both sides. 


RECOGNIZING PRODUCTION PROBLEMS 


On the first few days of production we were con- 
fronted with an outside temperature of 96°. Four 2000- 
watt spot lights and a couple of 1000-watt flood lights 
not only raised the temperature but completely de- 
stroyed my idea of doing the experiments in the comfort 
and seclusion of one’s own laboratory. A small room 
littered with cameras and lights and electric cables is no 
longer a nice private laboratory. We were able to 
operate at all and to keep perspiration from showing 
on hands and face only by rigging up a couple of ash 
barrels of ice with fans blowing over them. Some initial 
footage of film was spoiled because of a misconception 
based on the early discussion with my photographer | 
friend, whose suggestion that in some of the scenes we 
would talk to each other for guidance led me, in prac- 
ticing sequences, to speak the script to myself. But my / 
face showed in one scene of an early sequence, and on 
seeing my lips move the director ordered a halt and 
made the point that moving lips obviously not syn- 
chronized with sound track to be made later would 
produce a ridiculous effect. This is just one of the now | 
obvious points that I had failed to anticipate. 

Others were encountered on the following day, when | 
some scenes had to be skipped because my lips, although 
now immobile, had been badly puffed up from the heat 
and from hay fever. We turned to a sequence in which 
my face would be invisible if I remembered to lean 
back, and I arranged the pieces of equipment as [ 
thought they should be and went through the opera- 
tions as I proposed to perform them. The cameraman 
seemed awfully fussy. I had put the graduate to the 
right of the wash bottle, and he wanted it put to the 
left. I wanted to scrape a sample of white solid out of a 
white glazed paper with a spatula in my right hand, but 
thedirector and cameraman, after lengthy study, wanted 
me to use a yellow paper, which was less smooth, and 
either to scrape with my left hand or to screw my hands 
around into a position which was very awkward so the 
solid would be visible to the camera. I was so mad, 
hot, stage-struck, and generally nervous, that I messed 
up five or six successive trials of the short sequence at 
one stage or another. The situation looked so black 
that I called on an able former student for help. My 
young double was calm and collected, still accustomed 
to taking orders, and ambidextrous, but it took an 
afternoon of practice and several trials under the 
camera before he finished the sequence successfully. 

Watching the performance was a revelation. I began 
to see the problem objectively, and to think about 
production of a movie and not just about the laboratory 
techniques. I looked through the viewfinder for the 
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first time and saw the picture as an audience would see 
it, and this was-a good bit different from what the 
operator saw. Of course the cameraman did not want 
the graduate to be to the right of the wash bottle, for in 
that position it was not visible. On seeing the limits to 
which the action would have to be confined, restric- 
tions which previously had seemed silly and annoying 
became perfectly obvious. I am afraid I had been 
thinking of something like a movie of a basketball game 
taken by a sports photographer, and had not appre- 
ciated that the result would have very little instruc- 
tional value in comparison with a training film staged to 
bring out every bit of essential action. 

Another lesson learned in this period was the tech- 
nique of shifting from one scene to another. A. scene 
is the footage from the time the camera is started until 
it is stopped. Suppose a given operation can be 
demonstrated fully in a single scene of 50 feet and that 
everything comes off smoothly except for a false move- 
ment 5 feet from the end. I had thought that correc- 
tion could be made by retaking the last 6-7 feet and 
splicing the corrected film onto the satisfactory part of 
the first take. However, it is impossible to rearrange 
all the objects in view, as well as the hands, exactly the 
way they were the first time, and if anything is dis- 
placed by as much as a quarter of an inch the picture 
will seem to jump and will be no good. Thus either the 
whole 50-foot scene is retaken, or correction is made 
through the artifice of either a elose-up or a head shot. 
If some view a short distance ahead of the fault in the 
original take is suitable for a close-up shot, this shot 
can be made later and spliced in to produce a break. 
The remainder of the scene to follow the close-up is then 
redone; it can be photographed from the same angle as 
that of the original take, or from a different angle. The 
alternative technique of introducing a break is to shift 
from the main scene to a view of the demonstrator’s 
head looking down at the work, 
and then shift to the new take. 
The' useful purpose of head 
shots was not explained to me 
until, at the end of the work 
proper, I was in the process 
of posing for them. They had 
me face the camera and look 
down out of the picture limits 
at my “work,” which consisted 
in pouring water from one 
beaker to another, turn slightly 
to the left and pour, and then 
turn slightly to the right and 
pour. To meet any possible 
contingencies that might arise 
in editing, I had to go through 
the silly business four times 
wearing the ties that appear in 
PartsI-IV. Actually, none of 
the head shots was used. 

A time lapse, for example, 
while a solution is being 
evaporated on the steam bath 
to one-third the volume, is 
done by a film-processing tech- 

nique of “dissolving,” in which 
the three quarters-full flask 
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disappears by stages while a one quarter-full flask ap- 
pears in the same way. The apparatus remains exactly 
where it was, and hands can be removed, but without 
the illusion of transition created by the “‘dissolving,”’ 
the jump from one liquid level to another would appear 
ludicrous. 

With the understanding and indoctrination ac- 
quired from viewing a few sequences objectively, the 
need for a double vanished and the rest of the produc- 
tion went off at a greatly accelerated pace and with 
much better results. One early sequence that had 
taken half a day was retaken in half an hour with at 
least 100% improvement. The troublesome scene 
showing a white solid being scraped out of a creased 
yellow paper had not looked quite right because my 
double, using his left hand, had been slow in effecting 
the operation and had left a trail of solid along the 
crease. We thus substituted a close-up in which I 
operated in a comfortable position and the camera 
angle was adjusted to secure full visibility. The taking 
of new scenes was greatly simplified by revision of sup- 
posedly finalized script in accordance with technical re- 
quirements of camera work. 


MARTIUS YELLOW PRIZE COMPETITION 


Part IV had seemed at the outset to present a special 
problem. It involved a sequence of preparations and 
was intended to show how time can be saved by dove- 
tailing operations and anticipating needs. a-Naphthol 
is converted through the disulfonate into the dinitro 
derivative, Martius Yellow, a sample of which is 
crystallized and saved. The rest is reduced to the 
diamine, half of which is oxidized and half converted to 
the N,N-diacetate. Samples of the two products are 
crystallized and the rest used for conversion to further 
derivatives, and eventually the 5 grams of starting ma- 
terial is transformed into seven beautifully crystalline 
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products: red, orange, yellow, or white. The series of 
preparations is traditionally used in my course in an 
annual Martius Yellow Prize Competition for selected 
students. Some of the steps are a little critical, and in 
the heat of competition there is ample chance for mis- 
hap. Only about a quarter of the entrants finish with 
satisfactory samples of all seven compounds, and judg- 
ment between these successful contestants is based 
largely on the working time. I usually run through the 
experiments along with the students and, with the prac- 
tice gained each year, have cut down my time as fol- 
lows: 1950, 3 hours, 16 minutes; 1952, 2 hours, 54 
minutes; 1954, 2 hours, 26 minutes; 1956, 1 hour, 59 
minutes. The present student record was set by Louis 
Harris in 1954; his time of 2 hours, 19 minutes, beat 
mine that year by 7 minutes, and he is the man I called 
in to act as my double in the movie scene 

I had thought that the Martius Yellow sequence 
would have to be photographed like a basketball game, 
with the cameraman catching impromptu action as 
best he could. However, the director, cameraman, and 
I, now functioning as a coordinated team, had no dif- 
ficulty in working out fully planned action sequences 
suitable both for adequate photography and for the in- 
structional purposes desired. Three long scenes, one of 
about 150 feet of film, came out satisfactorily on the 
first trial and required no retaking. These experiments 
were done at the laboratory bench, where photography 
from the side and rear was satisfacatory because the 
objects were large enough not to be confused by the 
background of pipes and bottles. I had been disil- 
lusioned from the initial idea that the earlier demon- 
strations could be done in the same way, and in fact 
we had done nearly all of them in studio fashion on a 
central table with the camera across the table from the 
operator. This is what the production men had ad- 
vised from the start, and I had only wasted time by 
arguing for something that looked like a laboratory and 
not a studio. If the producing firm had been located 
nearby, some of the scenes could have been taken with 
full studio facilities and we would have been spared 
trying to cover up imperfections in the laboratory table 
top and eliminating reflections from cabinets. 


EDITING AND NARRATION 


The film was edited while I was abroad. The total 
take of 6,000 feet of film on 15 reels was run through a 
projector just once, to avoid damage. It was viewed by 
scenes, each of which was rated for acceptance or re- 
jection. The satisfactory film amounted to one-quarter 
of the total, which is said to be about the usual ratio. 
The sections of usable film were spliced together in 
random order and a copy was made (in color) to serve 
as a workprint. Workprint and original were then run 
together through a machine that marks duplicate edge 
numbers on the two films so that any frame from one 
can be identified in the other. The workprint then 
bears the brunt of the extensive running and rerunning 
involved in further editing and eventually serves as 
model for preparation of a master copy from the un- 
handled original. 

When I went out to Kansas in August the scenes of 
the workprint had been separated, and sections of film 
at the beginning or end of a scene that seemed excessive 
were deleted but saved on numbered reels. It was 


evident that we had the makings of a movie, but that 
many adjustments would have to be made to match 
script and film. In three places where the film lacked 
enough footage to accommodate the explanatory narra- 
tion, we made covering scenes in close-up, which did not 
require the laboratory background. For example, to 
introduce an abruptly starting scene showing five ways 
of supporting a separatory funnel, we made a close-up 
showing. a locally borrowed funnel viewed against the 
background of my shirtfront and Part III tie, and 
added the line “‘Extractions are done with a separatory 
funnel, a device as beautifully proportioned and as 
generally useful as the Erlenmeyer flask.”* The script 
required many other revisions, but after three days of 
projection and reading, rewriting and rerunning, every- 
thing was in readiness for the narration. 

I was somewhat reluctant to defer to a professional 
narrator, but I doubt if I would have done the job as 
efficiently or any better. After practice reading of the 
script and coaching on pronunciation, the narrator, 
standing in the projection room beside the director, 
started reading on a cue from the director’s hand and 
kept his eyes fixed on the manuscript. The director, 
watching the projection, adjusted the timing by signaling 
cues corresponding to break points marked on the manu- 
script. I watched the film through a window of the re- 
cording room where the sound was audible, and noted 
any imperfections detected. Usually correction was 
made by electrically erasing the whole 10-15 minute 
recording from the metallized tape and doing it over. 
An occasional slur of a word was corrected by recording 
a retake of a few spoken sentences, which would be sub- 
stituted for the original after the tape recording had 
been transferred to film. A clearing of the throat be- 
tween speeches would be eliminated by painting the film. 
The Ampex recorder covered all frequencies from 30 to 
15,000 cycles. The narration was completed in a day 
and a half. 

A further day, aetually the first, was devoted to syn- 
chronous sound photography: in initial and terminal 
scenes, I was to appear seated at the desk in my office 
and address the audience under a microphone. These 
scenes were done in the studio because of the require- 
ment for exclusion of extraneous sound and because 
facilities were available for smooth transition from an 
identifying long shot to a close-range detail shot, and 
for following a moving subject. The camera is mounted 
on a dolly, which runs silently in laid-out tracks and has 
equipment for raising, lowering, and turning the 
camera. An assistant to the cameraman rides up for- 
ward on the dolly and adjusts the focus according to 
measurements chalk-marked along the tracks. The 
synthetic office set up with props borrowed from the 
local university seemed nicer and tidier than my own, 
but I felt obliged to ask for removal of a periodic table, 
since I am a one-element chemist. The resulting bare 
spot on the wall unduly focused attention on a framed 
diploma, and we were afraid the audience would be able 
to read the legend “‘ University of Kansas.” The situa- 
tion was saved by substitution for the diploma of a 
photograph that Mrs. Fieser and I had persuaded the 
cameraman to take for use in the preface of a forthcom- 
ing book, and in this way our usual cat trademark be- 
came inserted in the film. 


2 Does any reader know who invented the separatory funnel? 
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The spoken scenes went off more easily than I had ex- 
pected. I could set my own timing, as in lecturing, and 
a minor departure from the planned script was ad- 
missible as long as it made sense. Only the very last 
scene had to be retaken. Instead of the planned “Per- 
haps you would like to try your hand. Good luck.” 
I had said ‘Perhaps you would like to try your luck. 
Best wishes.” 


Completing work by the producer included interlock- 
ing film and sound track, preparation of titles to ap- 
pear against a background of Cambridge scenery, and 
addition of a musical introduction, for which we chose 
chimes from the Kansas campanile. Copies for use in 


the current year are available to schools and rental 
libraries through Young America Films,’ a distributing 
firm that assumes responsibility for preparation of an 
Instructor’s Guide and general promotion. For those 
who may be interested in similar projects, it may be 
worth noting that although my film was paid for by 
funds appropriated to the university, officials of both 
the university and the supporting foundation consider a 
royalty to me to be just as appropriate and desirable as 
an author’s royalty on a book. In case you would like 
to try your hand, I hope that my experiences will be of 
some guidance and wish you good luck. 


3 Young America Films, 18 E. 41st St., New York 17, N. Y. 


Ix RECENT years, many universities have started 
ambitious laboratory training programs in radiochem- 
istry; several such laboratory courses were described 
in a symposium at an American Chemical Society meet- 
ing in 1949 and later published in Tats JouRNAL.! 
However, some colleges and universities may have hesi- 
tated to begin such courses because of the possible haz- 
ards to students, or the expense of obtaining radioiso- 
topes and equipment, or the rather elaborate precau- 
tions and procedures required for authorization by the 
Atomic Energy Commission as a user of isotopes. This 
may be particularly true for colleges which do not have 
active research programs in nuclear or radiochemistry. 

At Lehigh University a one-semester radiochemistry 
laboratory course has been specifically designed to ac- 
quaint students in several scientific fields with safe 
and effective procedures for using tracer radioisotopes. 
A distinctive feature of this course is that only authori- 
zation-exempt quantities of radioisotopes are used, 
thus minimizing hazards and expense as well as elim- 
inating the necessity for AEC authorization. Recent 
liberalization of regulations governing the shipment 
of authorization-exempt quantities of isotopes has 
made their use in such a course a practical possibility. 
Amounts up to 50 microcuries of certain isotopes are now 
available without authorization, and more important, 
the maximum quantity of several different radioiso- 
topes may be shipped together in the same package. 
At least one supplier? has taken advantage of the re- 


A RADIOCHEMISTRY LABORATORY COURSE 
USING AUTHORIZATION-EXEMPT QUANTITIES 
OF RADIOISOTOPES 


ROBERT WEST 
Lehigh University, Bethlehem, Pennsylvania 


vised regulations to offer for sale kits of up to ten dif- 
ferent isotopes, selected from those of most general 
usefulness and interest. The total cost for isotopes for 
the course at Lehigh, taken by ten students, was less 
than $25. 

To limit expenses for equipment, only one counting 
assembly was used, consisting of a thin-window Geiger- 
Miiller tube, a lead counting shield, anda scaler. Other 
special equipment included an inexpensive survey meter 
for monitoring, a calibrated radium D standard, a set 
of micropipets and syringes, and counting cups and 
planchets. Aluminum absorbers for determining £- 
particle range and a large steel tray for the working 
space were constructed in the shop. 

The ten students included both seniors and graduate 
students in chemistry, biology, geology, and chemical 
engineering. All were taking or had taken a lecture 
course in nuclear and radiochemistry. The students 
worked in pairs carrying out one set of experiments 
every two weeks. The experiments were designed for 
a working time of about three hours, and were written 
up individually. Since each pair of students should 
have exclusive use of the counting equipment during 
the laboratory period, only one pair of students was 
scheduled to work on any one afternoon. 

The experiments are listed in the accompanying 
table. Most of the experiments were taken from the 
manual by Schweitzer and Whitney* and adapted for 
low levels of activity. The selection of experiments 


1J. Cuem. Epuc., 28, 2 ff. (1951). 
? Abbott Laboratories, Radioisotope Division, Oak Ridge, 
Tennessee. 
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3 ScuweiTzer, G. K., anv I. B. WHITNEY, ‘Radioactive Tracer 
Techniques,’ D. Van Nostrand Co., Inc., New York, 1949, pp. 
92-9, 100-105, 133-41, and 147-9. 
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Experiments in the Radiochemistry Laboratory Course 
Experiments Materials used 


Instruction in safety procedures Small counting 


Use of monitoring equipment, and stan 
G-M counter and scaler 

Study of geometry, coincidence, and 
statistics in counting 

Calibration of a shipment of P*? 

— of 6 particles from 


P22, 20 ue. 


Construction of a Feather analyzer 
based on P#? 
Separation of and Pa**4 from 
uranium? 50 g. 
Determination of half-life and beta- 
decay energy of Pa?4 
Rate of exchange of I~ ion with an I**!, 10 ue. 
organic iodide 
Half-life of 
Isotope dilution analysis of a chro- Cr*4, 50 ue. 
mate solution 
Measurement of the solubility of S*, 50 ue. 
SrSO,, using S** 
Beta decay energy of S** 
Identification of an unknown radio- Zn®, Rb*, Co®, 
Cass, Na®, 1-5 


isotope by means of 6-decay 
ue. each 


energy and tracer experiments 
@ Boorn, A. H., J. Cuem. Epuc., 28, 144 (1951). 


was governed both by nature of the isotopes and by the 
instruments available to us; other experiments would 
have been chosen if a y-ray spectrometer or a neutron 
source for preparing short-lived activites had been 


available. Except for counting, all radiochemical 
work was carried out in a hood reserved for this pur- 
pose. 

The danger of hazards to the students was slight 
because of the low levels of activity used. Neverthe- 
less, rigid precautions against contamination and ex- 
posure were taught and used in the laboratory, since 
these safety precautions are an important part of 
training in the use of radioactive materials. The stu- 
dents were also required to attend a series of training 
films on radioisotope use.‘ 

The Lehigh radiochemistry laboratory course in its 
present form may serve to indicate the sort of course 
that can now be offered to seniors and graduate stu- 
dents with a minimum outlay for instruments and 
materials. It is to be hoped that the increased avail- 
ability of authorization-exempt quantities of radio- 
isotopes will also lead to increasing use of these mate- 
rials in general and physical chemistry laboratory 
courses.® 


4 “The Radioisotope” film series produced by the Army Signal 
Corps with the technical assistance of the Atomic Energy Com- 
mission. These excellent films have Army designations PMF 
5145a through 5145f, and 5147c. They can be obtained from the 
Army Central Film Library in the Army area where the borrower 
resides. 

5 Lippy, W. F., Address to 129th Meeting of The American 
Chemical Society, April 10, 1956, Chem. Eng. News, 34, 2125 
(1956). 


MODIFICATION OF A SLIDE PROJECTOR FOR 
REMOTE OPERATION 


In routine classroom teaching, the lecturer is often 
faced with the necessity of drawing a complex figure 
on the blackboard. Drawings of the cyclotron, the 
blast furnace, the open-hearth furnace, and the nuclear 
reactor are examples of figures which a lecturer in 
general chemistry may have to reproduce, usually at 
the expense of clarity and class time. 

In our general chemistry program, we copy photo- 
graphically most of the figures appearing in the text- 
book so that these copies may be projected on a screen 
hanging above the blackboard. Our lecture room is 
ideaily suited for slide projection. There are no 
windows, and the directional lighting is on a dimmer 
circuit so that sufficient’ light can be directed toward 
the chair-arms for note taking, while the front of the 
room is fairly dark. All the light controls, including 
an on-off switch for the slide projector, are located 
on the lecture table. 

An automatic slide projector that can be operated 
efficiently by the lecturer from the front of the room 


J. H. WOOD and A. D. MELAVEN 
The University of Tennessee, Knoxville, Tennessee 


would be desirable. Alyea! describes an automatic 
slide changer of the cartridge type in which the slides 
are pushed into the path of the light beam by a long 
arm attached to the motor. Alyea’s design makes it 
possible to show a series of 25 slides but does not pro- 
vide for a reshowing of any given slide. We find that 
during an average general chemistry lecture, two to 
six slides suffice, and frequently we find it desirable to 
show certain slides a second or third time in the course 
of a lecture. Accordingly, we have modified at a cost 
of about $35 for parts a conventional 31/,- X 4-inch slide 
projector (Spencer Model B, 500-watt Delineascope) 
in such a way as to provide a changer carrying six 
slides that can be operated by the lecturer from the 
lecture desk, with the projector at the back of the 
room. 

The original slide carrier was replaced by a 16-inch 
rotating slide carrier made from two aluminum discs? 

1 Atyga, H. N., J. Cuem. Epvc., 16, 311-2 (1939). 

2 Sixteen-inch aluminum-base vinylite recordings were used. 
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and a disc of masonite slightly 
thicker than a mounted glass 
slide. Before combining these 
dises, six 31/, X 4-inch sections 
symmetrically spaced were cut 
from the masonite to provide 
for inserting the slides. Six 
corresponding sections 3- X 
3°/,-inch were cut in each of 
the aluminum discs. The 
three discs were then riveted 
into a single unit. At the 
bottom of each slide opening 
was riveted a spring-brass clip 
to prevent the slide from fall- 
ing out when in the inverted 
position. 

Rotation of the slide car- 
rier is effected by means of a 
pair of Selsyn motors,* a mas- 
ter Selsyn situated on the 
lecture table and a ‘“‘siave” 
Selsyn situated at the pro- 
jector. The rotating slide car- 
rier is mounted on the shaft 
of the slave, and this assembly is secured to the 
projector by means of a brass strap in such a way that 
the carrier rotates through the gap provided for the 
original slide carrier. In order to prevent the slide car- 
rier from swaying back and forth because of any un- 
balance in the carrier, an adjustable spring-backed felt 
brake is mounted on the projector housing, and the ten- 
sion of the felt pad against the slide carrier is adjusted 
so that the carrier can be rotated readily without any 
tendency to sway when a slide is in projection position. 

The master Selsyn is mounted in a 5- X 5- X 6-inch 
plywood box. Rotation of the master Selsyn rotor is 
done manually by means of a large dial knob. One- 
sixth of a turn produces a corresponding rotation in the 
“slave” to bring a new slide into position. Rotation 
may be clockwise or counterclockwise at will, thus per- 
mitting a reshowing of any desired slide. 

A five-wire cable, permanently installed, leads from 
a Jones plug outlet at the projection table to a similar 
outlet at the lecture table. Each Selsyn motor is con- 
nected with a short five-wire cable to a male Jones plug 
so that each may be plugged into the circuit when slides 
are to be projected or removed from the circuit when 


U.S. Government Surplus, 110V, 60 Cy. A.C., Synchronous. 
See the following reference for wiring diagrams and a discussion 
of synchro motors (Selsyn is a trade name): 

James, H. M., N. B. R. S. “Theory of 
Servomechanisms,’’ McGraw-Hill Book Co., Inc., New York, 
1947, p. 81. 


% 


the equipment is stored. In addition to the five wires 
necessary to operate the Selsyns, a separate 110-volt 
a.-c. power cable runs to the power side of the master 
Selsyn through a toggle switch mounted in the top of the 
control box. The two Selsyn motors are wired in the 
usual manner. The projector lamp is wired through a 
two-station on-off switch so that the projector lamp can 
be turned on or off from either location, or on at one 
station and off at the other station (or vice versa). 

If fewer than six slides are needed for a given lec- 
ture, blanks to make up the difference should be inserted 
to keep the disc balanced. When the machine is being 
used by lecturers employing many slides, the disc may 
be removed and replaced by the original slide holder, 
or it may serve as the slide holder for hand operation in 
the usual manner. 

It will be apparent that several modifications in de- 
sign are possible. For example, our experience with 
the 16-inch disc indicates that a much larger disc 
would work satisfactorily. And of course the openings 
could be cut to accommodate 2- X 2-inch slides rather 
than the larger ones. We use the same equipment to 
project both types; for the miniature slides, 3'/.- X 
4-inch masonite holders are inserted in the openings, 
each holder accommodating two 2- X 2-inch slides. 
In order to bring the picture size of the miniature slide 
up to standard, we change from a 20-inch focal length 
lens to a 12-inch one. 
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NOMINATIONS FOR THE DEXTER AWARD 


Nominations for the 1957 Dexter Award in the History of Chemistry should be in the hands of 
the Secretary of the Division, Dr. Sidney M. Edelstein, Dexter Chemical Corporation, 819 Edge- 
water Road, New York 59, N. Y., before March 10, 1957. The award is made for “meritorious 
service in the advancement of the history of chemistry.” 


It is administered by the Division of 
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e CHEMISTRY OF ORGANIC FREE RADICALS IN 
THE VAPOR PHASE 


Tue prose of assigning a precise definition to the 
term “free radical” has been adequately and interest- 
ingly discussed (1). For the purpose of this review 
article, any molecule (or atom) possessing an unpaired 
electron will be considered a free radical in the gen- 
erally accepted sense. As indicated in the title, the 
basic chemistry which will be reviewed will concern 
those processes involving homolytic cleavage or cova- 
lent bond rupture in which organic free radicals are 
produced or participate. Of necessity, some “atom” 
reactions are involved, but the large group of reactions 
falling in this class (e.g., reactions of H-) are not con- 
sidered. 

This review is not intended to be exhaustive in any 
sense, for the subject matter is entirely too abundant 
to be considered in detail in a review of this type. 
Instead, the authors have merely attempted to bring 
a few highlights of organic free radical chemistry to 
the reader’s attention. Where possible, emphasis has 
been directed toward recent publications. Unfortu- 
nately, many excellent research publications have been 
omitted due to space limitations. However, the ref- 
erences presented should serve to lead the interested 
student into abundant background material on the 
subjects covered. The excellent two-volume mono- 
graph (2) by E. W. R. Steacie is highly recommended 
to all students of free radical chemistry. This mono- 
graph reviews the free radical literature completely 
and critically up to and through most of the publica- 
tions of 1953.! 

The detection of alkyl radicals by Paneth (3) utiliz- 
ing the mirror technique (described subsequently) was 
an event which established the reality of free radicals as 
short-lived intermediates in the gaseous state. From 
the Paneth discovery to the present, there have been 
many notable contributions to the understanding of 
vapor phase free radical chemistry, both from photo- 
chemical and thermal studies. The limitations im- 
posed on the experiments of early years have been and 
are being rapidly removed with the use of the excellent 
physical techniques which have now become available, 


1 Since this review article was written, a monograph (64) on 
the kinetics of homogeneous gas reactions has been published. 
This volume, authored by A. F. TroTMaN-DIcKENSON, will be of 
interest to all students of free radical chemistry. The rate fac- 
tors associated with a number of different types of radical reac- 
tions are tabulated and documented with abundant literature 
references. 
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I. Detection and Reactions of Free 
Alkyl Radicals 


HAROLD E. DE LA MARE and WILLIAM E. 
VAUGHAN 
Shell Development Company, Emeryville, California 


e.g., Mass spectrometry, paramagnetic resonance spec- 


trometry, nuclear magnetic resonance spectrometry, 
infrared and ultraviolet spectrophotometry, and flash 
photolysis combined with flash spectral analysis. One 
should not overlook the advancement in separation and 
isolation techniques, distillation and chromatography 
in particular, for the rigid identification of all the 
products of the reactions is still imperative in complet- 
ing the mechanistic picture. Many conclusions drawn 
from kinetic studies (obtained, e.g., by reliance on 
manometric data only) have been in gross error be- 
cause of failure to determine complete product distribu- 
tions. Of particular interest in regard to separation 
techniques is that of vapor-liquid partition chromatog- 
raphy, which was suggested by Martin and Synge 
(4)? in 1941, but lay relatively dormant until about 
1950. This technique promises to be of unlimited 
value in resolving the complex products of many free 
radical reactions; coupled with spectral techniques, it 
affords hope for the rapid resolution of mixtures which 
would have hitherto required many laborious hours, if 
at all resolvable. 

Furthermore, an ever-increasing knowledge of the 
energetics (rate constants, frequency factors, activa- 
tion energies, etc.) of individual steps in free radical 
chain reactions is now at our disposal. These energetics 
enable us to predict the course of many free radical 
reactions and to control certain competitive reactions 
by careful choice of experimental conditions. A num- 
ber of scientists are currently contributing to the de- 
termination of bond dissociation energies (2a) which 
express the energy, usually in kcal./mole, required to 
produce a homolytic cleavage (A—B—A- + B-). Al- 
though considerable uncertainty exists in some of 
these values and many energies remain undetermined, 
it is, nevertheless, encouraging to note that a number 
of reliable values are available. Although these bond 
dissociation energies in themselves are not the only 
factors to be considered in predicting the course of 
competitive free radical reactions, they do provide 
valuable information in many free radical systems. 
This is usually true, e.g., where one is concerned with 
principally one attacking or chain-propagating radical 
and several substrates having polar and steric factors 


2 Reference in 1941 is largely concerned with liquid-liquid par- 
tition chromatography, but the technique of vapor-liquid or gas- 
liquid partition chromatography was explicitly suggested. 
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which are essentially the same (A- + RH, A> + 
R’/H, A> + R’H).’ 


DETECTION OF FREE RADICALS 


Mirror Removal (Paneth Technique). There are now 
available a number of methods for the detection of free 
radicals. However, the first work which demon- 
strated the existence of a free alkyl radical was that of 
Paneth and Hofeditz (3). These workers passed 
hydrogen gas saturated with tetramethyl] lead through 
a glass tube at 1- to 2-mm. pressure; a lead mirror was 
then deposited by heating the tube at a designated po- 


sition (Pb(CH;)->Pb + 4CH;). The source of heat 
was then moved away from the mirror and nearer the 
gas entry, and heating resumed. This resulted in the 
disappearance of the first mirror, and it was conclusively 
demonstrated that mirror removal was due to the reac- 
tion of methyl radicals with the lead mirror (4CH;- + 
Pb — Pb(CH;),4). Paneth and co-workers developed 
this high flow, low pressure method of radical detection, 
using antimony, lead, and other metallic mirrors suc- 
cessfully. By depositing standard mirrors and meas- 
uring the time of removal at fixed distances from the 
source, they also obtained experimental data leading 
to a half-life value for the methyl radical of ~6 X 
10~* sec. under their conditions. However, the kinetic 
order and mechanism of disappearance of radicals as 
determined by mirror techniques is not settled with 
certainty (2b). 

The Paneth technique has been utilized and de- 
veloped by many other workers. It has been possible 
in many cases to identify the specific radieals involved 
in mirror removal by trapping out and analyzing the 
products. A good discussion and review of the litera- 
ture dealing with this technique is available (3c). 

Mass Spectrometry. A method which has been used 
for detecting and measuring the concentration of free 
radicals, and one which appears promising for future 
developments is that of mass spectrometry. The 
method basically depends on the fact that if a radical 
R- exists in the gas phase, its ionization potential 
I,(R- > Rt + e) will be less than that of its appearance 
potential A, (the energy required to form R* by elec- 
tron bombardment of the parent molecule). There- 
fore, if an electron energy is carefully selected which is 
less than A, but greater than J, and free radicals are 
present in the gas, the mass spectrometer will register 
a peak at mass R due to the ionization of the radical. 
A large number of radicals have been detected in this 
manner, and the method has been developed for quan- 
titative determinations (4). 

Inhibition Experiments. Perhaps the most common 
method employed for detecting free radical chain 
reactions is to add any one of a number of inhibitors in 
small amounts to the system and determine its effect 


Guten A. RussELL AND HERBERT C. Brown (665) have recently 
demonstrated an exception to this generality in the competitive 
photochlorination of toluene and cyclohexane. These authors 
discuss the various factors which must be considered in predicting 
the course of free radical reactions involving C—H bond rupture, 
and cite other substitution reactions, involving polar factors, 
which cannot be predicted from bond dissociation energies. Al- 
though most of the work cited has been done in the liquid phase, 
the basic concepts presented are also applicable to vapor phase 
free radical chemistry. 
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on the rate of reaction. Alternatively the products 
may be examined for evidence of radical-inhibitor inter- 
action. The inhibitors which are most frequently used 
in the vapor phase are NO, propylene, and other ole- 
fins. These substances are believed to trap alkyl 
radicals, converting them to nonradical products 
and thereby preventing chain propagating steps. 

Nitric oxide, a free radical itself (:N—=O:<+:N=0O:), 
is perhaps the most frequently used inhibitor for de- 
termining whether or not the reaction proceeds by a 
free radical chain mechanism. There is substantial 
evidence that it acts according to equation (1); how- 
ever, its ability to completely dampen all radical 
chains is still not certain. 


R- + NO — R—NO (1) 


Thus, the quantitative application of nitric oxide to 
determination of chain length 
rate without a) 


rate with NO 


(length = 


is open to question. 
Inhibitors such as propylene probably function prin- 
cipally by path (2), (6) 


R- + CH;—CH=CH; — RH + 
(2) 


-CH:—CH=CH, 
(I) 


leading to the resonance-stabilized allyl radical (1) 
which is ineffective as a chain carrier and brings about 
chain termination (R- + R- ~ RR type).‘ 

It is fairly obvious that in addition to testing inhibi- 
tory effects, various substances might be added to a 
system to interact with an intermediate free radical 
to produce a product characteristic of that radical. 
Oxygen is frequently admitted to radical systems 
suspected of proceeding through alkyl radicals to de- 
termine if products are formed which can be ascribed 
to alkylperoxy radicals produced by the very fast 
reaction, R- + O, 

In conclusion, it should be emphasized that interpre- 
tation of inhibition experiments should be made with 
due caution, for widely divergent results in the same 
system have stemmed from the hands of different in- 
vestigators. Concentrations of inhibitors can play a 
profound part; eg., it is known in many cases 
above certain limits NO becomes an effective catalyst 
for free radical decomposition. Erroneous conclu- 
sions due to impurities in the reactants also complicate 
inhibition researches of different investigators. 

Flash Photolysis and Spectroscopy. An interesting 
technique for effecting photochemical reactions in 
which concentrations of radical intermediates become 
comparable to the concentrations of the reactants was 
first reported by R. G. W. Norrish and G. Porter (7a), 
(7b). The method involves the technique of ‘flash 
photolysis” in which extremely high energy flashes are 
produced by the discharge of a large condenser through 
a tube filled with a rare gas. The figures of Table 1 
are taken from the work of Norrish and Porter and show 
the large percentage decomposition of various gases 
under the photoflash treatment. Rather pronounced 


4 See ref. (57) for the utilization of propylene as an inhibitor in 
acetone pyrolysis. 
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TABLE 1 
Flash Photolysis 


Pressure, % 
Gas Decomposition* 


Cl, 80-100 
NO, Nearly 100 
CH;COCH; : 15 
CH;COBr : 15 


CH;COCOCH; 50 
CH,CO 40 


@ Produced with one 4000 joule flash lasting <2 msec., the gas 
et contained in a quartz tube (1 m. long) lying parallel to the 
amp. 


changes in mechanism may occur under the high 
intensity radiation due primarily to (a) production of 
high instantaneous temperatures and (b) the greater 
frequency of inter-radical collisions. However, re- 
actions may be carried out under relatively low-tem- 
perature conditions by using a large excess of inert gas 
as a coolant in the reaction tube. 

The high concentrations of radicals which can be 
produced by flash photolysis make it possible to obtain 
absorption spectra of the free radicals involved and 
thus to follow the course of photochemical reactions 
under high intensity conditions. The photographic 
record of the absorption spectra of free radicals pro- 
duced is obtained by use of a spectroscopic source, 
in principle similar to the photolysis source, capable of 
giving a flash (0.05 msec. duration) which is roughly 
continuous in the visible and the ultraviolet as far as 
2250 A. The “photolysis flash” and “spectral flash” 
are timed by means of electronic devices to occur at 
intervals as low as 30 usec. 

Although the emission spectra of a number of radicals 
were known from studies of explosions and very high 
energy processes, it had been possible to obtain only a 
few absorption spectra of radicals prior to the use 
of this high energy flash technique. Furthermore, 
the emission spectra of radicals are limited to those 
which occur in excited states (2d). 

The combined techniques of flash photolysis and spec- 
tral analysis afford great promise in studying the mech- 
anism of many elementary reactions involving atoms or 
free radicals (7c). Porter and Wright (8a) have studied 
the reaction of chlorine atoms with oxygen, and have 
shown that the chloric oxide radical (ClO-) is readily 
formed at 20°C. Its concentration was followed 
quantitatively by measurement of its absorption 
spectrum. Norrish has reported a study of the radical 
intermediates, particularly the OH radical, in hydro- 
gen-oxygen and acetylene-oxygen explosions respec- 
tively (8b). Absorption spectra have also been ob- 
tained for the NH: radical by Herzberg and Ramsay 
(9). The literature of the last two years will yield 
further information on the results of this new technique. 
It will undoubtedly contribute much to our under- 
standing of free radical reactions in future years. 

There are other ways of detecting free radicals, 
such as by measurement of the ortho-para hydrogen 
conversion, use of isotopic exchange reactions, etc. 
These and others are considered by Steacie (2e). 


THERMAL PRODUCTION AND REACTIONS OF FREE 
ALKYL RADICALS 


Paraffins.. Based on. the numerous thermal decom- 


position studies of hydrocarbons which have appeared 
in the literature, it seems reasonable to conclude that 
most of these involve free radicals to a large extent. 
However, in most cases it is equally probable that the 
free radical reactions are also accompanied by molecular 
processes since in the presence of typical free radical] 
inhibitors it is not possible to completely suppress 
reaction; rather, a limiting rate is obtained.)5 

As a typical example of a free-radical hydrocirbon 
decomposition, the case of ethane will be summarized 
since it illustrates the over-all picture in such decompo- 
sitions as well as the complexity of the reaction steps 
which must be considered even with a simple hydro- 
carbon. Evidence for the presence of radicals in the 
decomposition of ethane was obtained by Rice and 
Dooley (10) using the Paneth technique of removing 
mirrors, by Eltenton (1/1) and others using the mass 
spectrometer, and by Wall and Moore (53) using iso- 
topic mixing as a criterion. 

Rice and Herzfeld (12) postulated that the ethane 
decomposition might be explained on the basis of the 
following reactions: 


CH;—CH; — 2CH;- (3) 

CH;- + C:Hs CH, + C2H:- (4) 
C.H; C,H, + H- (5) 

H- + C.Hs + C.H;: (6) 

2H- (7) 

H- + C.H;- C,H, + He, or (8) 
H- + CH, (9) 

+ C.H;- ~ C;Hs (10) 

2C.H;- CH (11) 


They then proceed on the basis of certain experimental 
work and certain frank assumptions (e.g., assuming that 
reactions (7), (9), (10), and (11) were negligible) to 
show that the reaction scheme was in agreement with 
the experimental observation of first order kinetics, 
i.e., —d(C.He)/ dt = k(C2He). 

Since the original postulates of the Rice-Herzfeld 
mechanism, a substantial amount of work has been 
done on the ethane decomposition, especially in regards 
to the activation energies of the various steps involved. 
An excellent quantitative discussion of the mechanism 
is available (2g); it is concluded that the ethane decom- 
position is of varying order depending on conditions of 
temperature and pressure which control the relative 
importance of the various termination reactions. 
However, the predominant termination reaction at 
all temperatures and high pressure is 


C:H;- + C:Hs (or C.He. + C.H,) 


Theoretically, a half-order reaction (Z,,, = 83 kcal.) is 
predicted for high pressures and low temperatures, 
whereas a first-order reaction (E,.. = 67 kcal.) is 
predicted for higher temperatures and lower pressures. 
Experimental activation energies (70-74 kcal.) fall 
in between the predicted extremes, indicating that 
assumptions involved in deriving the theoretical kinetic 
expression do indeed constitute an approximation and 


5 As has been mentioned there is still some controversy over 
the ability of typical radical traps (NO, propylene, etc.) to com- 
pletely suppress a radical chain reaction. See ref. (2f). 
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that a number of termination reactions are probably 
involved. 

A considerable amount of pyrolytic and _ kinetic 
work (2k) exists on the thermal decomposition of hydro- 
carbons higher than ethane. In general, all paraffin 
decompositions show definite free radical character- 
istics and follow patterns similar to that outlined for 
ethane. 

It is of interest to note the recent work of Jach, 
Stubbs, and Hinshelwood (13), who have shown that 
rates of decomposition of n-pentane, isopentane and 
isobutane are reduced to constant limiting values ir- 
respective of three different inhibitors tested (NO, 
propylene and isobutylene). This would seem to 
indicate rather strongly that the limiting reaction is a 
molecular one and that the radical chain reactions have 
been completely suppressed. However, whether or 
not maximum inhibition corresponds to complete 
suppression of radical chains is apparently still a moot 
question. 

Olefins. Although thermal reactions of olefins are 
complicated by concomitant polymerization and 
decomposition, the latter predominates at high tem- 
peratures and substantial evidence indicates that free 
radicals are involved in the decomposition reactions. 
Furthermore, free-radical induced breakdown of ole- 
fins has been demonstrated. Alkyl radical additions to 
various olefins in the vapor phase are also well estab- 
lished and will be discussed in a subsequent section. 

Szwarce (14) has determined the kinetics of propylene 
decomposition and found the reaction to follow roughly 
a first-order pattern (£,., = 72.0 keal.). The products 
of the reaction were found to be methane and hydro- 
gen (~12:1 ratio), and ethylene and allene (qualita- 
tive determination). The following mechanism, as 
suggested by Szwarc, would explain the products of 
the reaction and the kinetic order: 


rate determining 
CH.=-CH—CH:- + H- (13) 


rapid 
CH.—CH—CH; + H- ———> CH;—CH—CH:- + H, (14) 
rapid 
CH:—CH—CH; + H- CH;—CH; + CH; (15) 


rapid 
CH.—CH—CH; + CH;; ———> CH:—CH—CH:: + CH, (16) 


CH.—CH—CH; 


However, Szware rules out this mechanism since step 
(13) is rate-determining and thus, the measured F,,, 
of 72 keal. would correspond to the bond dissociation 
energy of the allylic C—H bond, a value which he rea- 
sons is too low.* Szware proposes a second mechanism in 
which allyl radicals decompose as shown in (18) and 
chain termination occurs predominantly by (19). 


CH.—CH—CH:- H,C—C—CH, + H- (18) 
CH.—CH—CH,- + H- CH;—CH—CH; (19) 


The over-all mechanism is then assumed to involve a 
chain reaction through steps (13), 14), (15), (16), (18), 
and (19). Reactions (14) and (18), and (18), (15) and 
(16) constitute alternative methods of chain propaga- 
tion. Steacie (27) has recently criticized this mech- 
anism and energetic conclusion drawn from it. It 


6 Szwarc’s estimate of D(CH.—CHCH, H) is ~78 keal.; 
in later work (16) he arrived at a value of 76.5 keal. 
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seems, e.g., almost certain that some termination 
occurs by dimerization of the two alkyl radicals (20) 


2CH,—CH—CH;: (CH:—CH—CH:—), (20) 


and therefore, the mechanism would not predict a first- 
order rate. In any event, the detailed mechanism of the 
propylene decomposition does not appear to be estab- 
lished; however, the evidence is good that it is a free 
radical chain reaction, and some of the processes sug- 
gested by Szwarce certainly play a role in the decom- 
position. 

Sehon and Szware (15), (16) studied the decomposi- 
tion of 1-butene by means of a flow technique in a 
large excess of toluene as a gas carrier, suggesting 
that the mechanism is: 


CH,—CH—CH,—CH; — CH:—CH—CH;- + CH;- (21) 
CH;- + C.H;CH; C.H;CH;- + CH, (22) 
2C,.H;CH;- (23) 


or C.H;CH; + CH,—C=CH; (24) 


An E,., of 61.5 keal. was found and ascribed to re- 
action (21). This indicates a bond dissociation value 
for the allylic C—C bond of 61.5 keal.; however, 
the quantitative reliability of the mechanism has 
been questioned (2)). 

An interesting free-radical reaction involving pro- 
pylene has been utilized by L. M. Porter and F. F. 
Rust (17) for the synthesis of biallyl. They have dem- 
onstrated that the pyrolysis of allyl chloride ~540° 
C.) in excess propylene proceeds largely as shown: 


CH,—CH—CH,—Cl CH.—CH—CH: + Cl = (25) 


Cl. + CH:—CH—CH,; — HCl + CH.—CH—CH;- (26) 


This work forms an excellent example of the practical 
application of free radical vapor phase chemistry to 
the synthesis of a valuable intermediate, biallyl. 

Aromatics. Szware and his collaborators have 
studied the pyrolysis of a large number of alkylated 
benzenes and halobenzenes, using flow techniques. 
The pyrolysis of toluene illustrates the chemistry and 
energetics involved, and the possible limitations of the 
results. Furthermore. the mechanism of toluene de- 
composition has been of wide spread interest due to the 
extensive use of the toluene-carrier technique by 
Szware and coworkers. 

Utilizing a fast flow technique and very low conver- 
sions, Szware (18), (19), (20) has studied the pyrolysis 
of toluene in the temperature range 680°-850°C. 
The following mechanism (equations (28) to (32)) is 
proposed : 


C,;H;CH, C,H;CH:- + (28) 


fast 
H- C,.H;CH; C.H;CH:- + H, (29) 


fast 
H- + C.H;CH; C,H;H + CH;- (30) 
CH;-: C.H;CH; C,;H;CH:- CH, (31) 
2C,H;CH;- (32) 


Experimentally, a first-order homogeneous reaction 
(E,.. = 77.5 + 1.3 keal.) was observed; hydrogen and 
methane (1.5 to 1), and bibenzyl were found to be the 
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main products. Assuming that the reverse of (28) 
has an E,,, #0, Szware concludes that the bord dis- 
sociation energy of the benzyl carbon-hydrogen bond 
is 77.5 keal.’ 

The Szware mechanism of the pyrolysis of toluene 
is not without criticism, and the pyrolysis has been 
repeated by Steacie and co-workers (23) who obtained 
an apparent activation energy of 90 keal. Further- 
more, they found that part of the bibenzyl consisted 
of dimethyl biphenyls and suggested that reaction (30) 
does not occur.’ It was their conclusion that Szwarc’s 
mechanism is incomplete and the measured apparent 
activation energy cannot be justifiably assigned to the 
primary step (equation 28). 

Illustrative of the decomposition of a higher alkylated 
aromatic is the work of Leigh and Szware (24) on the 
pyrolysis of n-propyl benzene using the toluene carrier 
technique. They postulated the mechanism shown in 
equations (33) to (38). 


— CsH;CH:2- + (33) 
C.H; + H- (34) 

H- + C.H;CH; — + (35) 
H- + + (36) 
CH;- + C,.H;CH; CH, + C.H;CH:- (37) 
2C.H;CH:- CsHsCH:—CH.C.Hs (38) 


They conclude that (33) is a homogeneous first-order 
reaction (Z,., = 57.5 keal.) on the basis that ethylene 
formation is a measure of the rate of (33). 

Blades (25) has recently reported further work bear- 
ing on the reaction of hydrogen atoms with toluene 
(see equations (35) and (36)). Propyl benzene was 
pyrolyzed in deuterated toluene (60% Ds, 29% Dan, 
and 5% D,) and at about 30% decomposition the 
products were hydrogen, methane, ethane, ethylene, ben- 
zene, and bibenzyl. Mass spectra indicated the ratios: 


H.:HD:D, = 1:1:~0 
CD,:CD;H:CD.H:2 = 1:1.5:~ 1 


The benzene was found to be mostly CgH¢, but small 
percentages of CsH;D may have been present. The 
production of deuterated methanes rules out the pos- 
sibility of an intramolecular decomposition of propyl 
benzene as shown in (39). 


This work further supports one of Szwarc’s suggestions 
for the major production of methane when hydrogen 
atoms react with toluene ((40) and (41)). 


H- + CsH;CD; — CsHs + CDs- (40) 
CD;-: + C.H;CD; CD, + C.H;CD:- (41) 


The large amount of H, formation indicates that a 
certain percentage of hydrogen atoms may be ab- 
stracted from the ring as well as the side chain. 

Blades and Steacie (26) have also shown that the 
toluene carrier technique utilized at ~1100°K. may 
be complicated by reaction (42); in this case “RH” 


7 This is in good agreement with the value obtained by elec- 
tron bombardment; it is not in agreement, however, with the 
photobromination value of 88.1 keal. (See ref. (21) and (22), 
respectively.) 

8 View was later changed, see ref. (25). 
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C.H;CH2- + RH — C.H;CH; + R- (42) 


was p-fluorotoluene, and fluorinated bibenzyls were 
produced. 
ALKYL RADICAL—OLEFIN INTERACTION 

The reactions of methyl and ethyl radicals with sev- 
eral olefins have been studied by decomposing di-tert- 
butyl peroxide and di-tert-amyl peroxides in the 
presence of these olefins at 235°C. in the vapor phase 
(27). 

CH; CH; CH; 


HOCH 
CH; CH, :CH; 
~ 6-0. CH; (44) 
H; H, 


Illustrative of the reactions involved are those of 
methyl radicals and propylene. Methyl radicals can 
add to either carbon atom of the double bond (45) and 
the resultant radicals may then give rise to a number of 
products resulting from hydrogen abstraction (equa- 
tions (46) and (47)) or radical combination reactions 
(equations (48), (49), (50)). 


H 
CH;—C—CH:: 


Hs 
CH;—CH—CH,—CH; 
CH; 


cu,—C_CH, CH;—CH=CH:2 —> 
H CH; 


+ -CH,—CH=CH, (46) 
CH,—CH—CH,—CH; + CH;—CH=—CH, — 
_ + -CH-—CH=CH: (47) 
Cc 


CH;—CH—CH.—CH; (or + CH; — 
CH;—CH—CH;—CH; (48) 


H; 


CH;—CH—CH.—CH; + CH:=—CH—CH:: — 
CH;—CH—CH.—CH; (49)°® 


H H 
2CH;—CH—CH.:—CH; — 
CH; CH; 


As would be expected, the initially formed 2-butyl 
and 2-methyl-l-propyl radicals may in turn add to 
propylene with eventual formation of octanes (51) 
and higher products. 

CH;—CH—CH:—CH; + CH;—CH=—CH: — 
CH; 
R. 
CH, CH, -¢_CH,—CH—CH, (51) 
H etc. 
Products characteristic of the stipulated reaction 
paths ((45) to (51)) were isolated and identified. 


® The isobutyl radical may also participate here, giving the 
expected products. 
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Of course, one of the obvious indications of radical- 
olefin interaction which has been mentioned is the well 
established use of propylene and other olefins as inhibi- 
tors in free radical systems (/3); this inhibitory 
effect is primarily due to abstraction processes such as 
(46) followed by dimerization of allyl radicals. 

Volman has used methyl radicals from the thermal 
decomposition of di-tert-butyl peroxide (28) and the 
photolysis of acetone and di-tert-butyl peroxide (29) 
to sensitize butadiene polymerization (equations (52) 
and (53)) demonstrating the addition of alkyl radicals 
to conjugated olefins in the vapor phase. 


CH;- + CH.—CH—CH=CH:; — 
52) 


etc 


C.Hy + CHy=CH—CH=CH, ——> (53) 


Recently a publication has appeared giving quantita- 
tive data on the rates of addition of methyl radicals to 
a series of olefins (30); the methyl radicals were pro- 
duced by photolysis of acetone between 140° and 240° 
C. The addition of methyl radicals to ethylene, 
propylene, acetylene, and butadiene was found to 
occur with activation energies of 7.0, 6.0, 5.5 (analytical 
accuracy ~ +1 kcal.) and ~2.5 kcal., respectively; 
steric factors were of the order of 10-4. The last- 
named activation energy indicates the relative ease of 
addition to a conjugated olefin, the transition state 
being stabilized by the resonance energy of the incip- 
ient allylic radical which is formed in the addition (equa- 
tion (52)). 


NITRATION OF ALKANES 


Extensive studies by Hass and co-workers (31) have 
shown that vapor phase nitration (400°-450°C.) of 
paraffins results in the production of all the mono- 
nitro substitution products which are possible by sub- 
stituting a nitro group either for any hydrogen or 
alkyl radical present in the hydrocarbon. The vapor 
phase nitration has also been shown not to yield higher 
nitration products at temperatures of 248° and above 
with either nitric acid or nitrogen dioxide. Thus, the 
use of nitroparaffins as reactants results in pyrolysis 
and oxidation but no nitration (3/1). 

In recent years a series of papers (32), (33), (34), 
(35) has appeared elucidating and confirming the free 
radical nature of the mechanism of the nitration of 
hydrocarbons in the vapor phase. A substantial 
amount of quantitative data has been accumulated 
showing that the yield of and conversion to nitroparaf- 
fins can be profoundly influenced by the addition of 
oxygen, bromine, chlorine, and other free radical pro- 
ducing substances. Furthermore, it has been dem- 
onstrated that careful control of the latter substances 
is necessary for optimum results; when used in excess, 
oxygen and halogens capture alkyl radicals at the 
expense of the desired nitration reaction. Introduction 
of a typical inhibitor, nitric oxide, into the reactor 
gas also results in decreased conversion to nitroparaffins. 

The over-all mechanism proposed for vapor phase 
nitration is summarized in equations (54) through (58). 

initiation 
H ——_———>> (54) 


HONO, ——— HO.-: + (55) 
~400° 
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RH + -OH (or X-) > R- + H,O (HX) (56) 
RH + -NO, — HNO, + R- (57) 
R- + -NO, tal R—NO, (58) 


It should be noted that the actual nitration step involves 
a typical chain terminating reaction, the association 
of two free radicals. Equations (56) and (57) illus- 
trate two specific modes by which the general initiation 
step (54) may occur. Thus, the introduction of X, 
at these temperatures (~400° C.) results in initiation 
by, e.g., chlorine or bromine atoms. Oxygen, too, leads 
to a typical free radical cycle (discussed subsequently 
under paraffin oxidation). However, it is obvious that 
reaction (59) is competitive with (58) and that an 
overabundance of oxygen can lead to an abnormal 


R- + O. ~ ———> (59) 
etc. 


increase in oxidation products at the expense of nitro- 
alkane formation. 

It should be noted that nitration is readily accom- 
plished by NO, as well as nitric acid, thus supporting 
the proposal expressed in equation (55). However, an 
alternative path to nitroalkane production which may 
assume more or less importance depending on the speci- 
fic reaction conditions is that of alkyl radical displace- 
ment on nitric acid directly (60), a chain-propagating 
step. 

R- + NOH — RNO, + OH- (60) 


Reaction (58) may lead to either nitroalkane or alkyl 
nitrite, depending upon the position of attachment. 
It is probable that the pyrolysis of the latter product 
along with oxidative degradation (i.e., alkoxy 
cleavage) and halogen attack lead to lower alkyl frag- 
ments which in turn give all of the nitroalkanes expected 
from C—H and C—C bond breaking in the original 
hydrocarbon. It appears unlikely that simple thermal 
cracking is responsible to any significant amount for 
the last-mentioned phenomena because of the relative 
low optimum temperatures of nitration. 

The vapor phase nitration process, as briefly sketched, 
emphasizes the utility of knowledge about mech- 
anism for controlling and improving the operation of a 
system involving several competitive free radical reac- 
tions. Recently, the commercialization of the nitro- 
paraffin synthesis was discussed in a news editorial 
(36). 

HALOGENATION 

Chlorination. A vast amount of literature exists 
on the vapor-phase halogenation of hydrocarbons, 
and the present treatment can only hope to touch on a 
few pertinent observations. 

The high temperature chlorination of some simple 
paraffins and alkyl halides has been studied in consider- 
able detail (37), (40). The chlorination of ethane may 
be represented by the simple mechanism shown in 
(61) to (64). 

Cl, (61) 

Cl- + + HCl (62) 
C:H;- + Cl, C.H;Cl + Cl- (63) 
2Cl- + Wall — Cl, (Chain ending) (64) 
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(42) 
were 
= 
(45) 
i; 
2 (46) 
2 (47) ; 
3 (48) 
(49)° 
(50) 
-butyl 
dd to 
; (51) 


2C.Hs (65) 
2Cl- + M (3rd body) > Cl 66) 


Further, the rate of reaction at moderate temperatures 
(240°C.) was shown to be proportional to the first 
power of chlorine and ethane, respectively [i.e., dHCl/dt 
= k(Cl)(C2Hs)]. Chain character was demonstrated 
by the powerful inhibiting reaction of oxygen; however, 
at 350°C. chlorination in the presence of oxygen pro- 
ceeded again with new kinetic dependencies. 

Chlorination of ethyl chloride showed that it was 
much less active than ethane, and further (above 280° 
C.) that it produces large quantities of ethylene in 
addition to 1,1-dichloroethane. At 415° in the ab- 
sence of free halogen, it should be noted that there is 
virtually no decomposition of ethyl chloride. The 
ethylene-producing reaction will be treated subse- 
quently; however, the 1,1-dichloroethane is produced 
according to paths (67) and (68). 


Cl- + HCHCi--CH; — HCl + -CHCI—CH; (67) 
-CHCI—CH; + Cl, - CICHCI—CH; + Cl- (68) 


alternative terminations 


The chlorination of propane at, e.g., 250°C., gives 
almost equimolar amounts of n-propyl chloride and 
isopropyl chloride, indicating the relative reactivity 
of secondary and primary hydrogen atoms toward 
free radical attack by chlorine atoms. The free radical 
nature of the chlorination of propane and ethane is strik- 
ingly evidenced by successful chlorination at 130°- 
140°C. in the presence of as little as 0.002% mole 
tetraethyl lead in the vapor phase. In the absence of 
this initiator, no chlorination occurs in either case. 

Hass, McBee, and Weber (38), (39) have done exten- 
sive research in the field of chlorination. Their work 
showed that the relative reactivity of hydrogens to 
substitution was ordinarily primary < secondary < 
tertiary; however, with increasing temperature an in- 
creasingly close approach to a 1:1:1 ratio of reactivities 
was found. Among the rules they adopted to explain 
the data were some qualitative observations regarding 
the formation of dichlorides. Further work on the 
latter problem by other workers provided data which 
clearly indicated that substitution on a carbon atom 
vicinal to a carbon bearing chlorine is markedly re- 
tarded (40). This “vicinal effect”’ was found to in- 
crease with increasing temperatures. The “vicinal 
effect”’ (40) is best illustrated by some typical data 
for chlorination of n-butyl chloride (Table 2). Ash 


TABLE 2 
Vicinal Effect 
% at % at 
Product 202° C. C. 

1,1-C,H;Cl, 11.5 17.3 
1,2-C,H;Cl, 10.5 ~0 
1,3-C,H,Cl, 46.5 43.3 
1,4-C,H;Cl. 31.5 39.4 


and Brown (4/) have attributed the vicinal effect to the 
instability of radicals such as R—CH—CH,Cl. These 
workers propose that such radicals eliminate a Cl atom 
readily (69). 


R—CH—CH,Cl = R—CH=—CH; + Cl- (69) 
It is suggested that such an elimination is responsible 
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for the large quantities of ethylene produced by the 
chlorination of ethyl chloride (see previous discussion). 
Further, it has been observed that vinyl chloride is 
produced by the addition of small quantities of chlorine 
to ethylene chloride (42) above 300°C., equations (70) 
and (71). 


Ci- + CH,ClI—CH.Cl — HCl + CICH—CH.Cl (70) 
CICH—CH:Cl — CICH—CH; + Cl- (71) 


However, the limited initial attack at both the “1” and 
2” position in n-butyl] chloride by a chlorine atom must 
be due to the inductive effect of the chlorine already 
present in the molecule.” This “polar effect”? would 
be expected to result in greater substitution at the 
more remote vicinal position rather than the “1” 
position, but is is apparently more than compensated 
for by the instability of the 1-chloro-2-radical. 

The high temperature substitutive chlorination of 
olefins is the basis for the well established industrial 
method for making allyl chloride (43). The optimum 
temperatures for substituting chlorine into the allylic 
position of a number of olefins have been found to lie in 
the range 300°-600°C. according to the specific struc- 
ture involved. The mechanisms of the reaction is 
believed to involve the free radical chain illustrated in 
equations (72) to (74)." 


A 
Cl, —> 2Cl- (72) 
Cl- + CH.—CH—CH; — HCl + (73) 


Consistent with such a mechanism is the observation 
(46) that the chlorination of either allyl chloride or 
1-chloro-1-propene leads to the same mixture of di- 
chlorides, 90% 1,3-dichloropropene and 10% 3,3- 
dichloro-1-propene (equations (75) and (76)). 


Cl- 
CH.,—CH—CH.Cl — HCl + (75) 


+ 
CH,—CH=CHCI 


(10%) CH.—CH—CHCIl, + CICH,—CH=CHCl (90%) 


oN 


CCIH—CH—CH; —> + 
CCIH—CH=CH, 


Furthermore, addition of chlorine to the double bond 
of propylene followed by pyrolysis of 1,2-dichloropro- 
pane has been clearly shown to be untenable as the 
mechanism for allyl chloride formation by high tem- 
perature chlorination (43). 

Of recent interest is a paper concerning the effect of 
molecular structure of paraffins on relative chlorination 
rate. Chambers and Ubbelohde (46) found that the 
over-all rate of monochlorination of paraffins increases 
with increasing chain length (n-pentane to n-heptane) 
and decreases with chain branching (e.g., n-hexane 
> 2,3-dimethylbutane) under the same conditions 
(e.g., 200°-230°C.). 


% See ref. (50) for an. instructive discussion of the inductive 
eftect in liquid phase free-radical chlorination. 

11 See ref. (44) for a detailed study of the mechanism of the 
high temperature chlorination of olefins. 
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These results might be roughly predicted, as Ubbel- 
ohde and Chambers indicate, by simply summing up the 
number of primary, secondary, and tertiary bonds mul- 
tiplied by the respective factors (1:3.5:5.2 at 230°C.) 
which indicate the relative reactivities of the bonds in 
question. The relative reactivity of n-hexane (230°C.) 
is simply expressed as (6 X 1 + 8 X 3.5), whereas 
n-heptane is set equal to (6 X 1 + 10 X 3.5) at 230° 
C.; these values lead to a relative reaction rate of 
1.21 for n-heptane versus n-hexane. They also found 
that the relative reactivity of secondary hydrogens to 
primary hydrogens in n-hexane was 2.30 at 238° 
and increased to 3.03 at 88°. This latter result thus 
agrees with the previously mentioned conclusion of 
McBee and Hass (39) whose data indicated that the 
relative reactivities approached unity with increasing 
temperature. It was further observed that this re- 
activity ratio appears: to decrease with chain length 
under constant temperature conditions. Ubbelohde 
and Chambers suggest that the latter result may be 
due to steric factors imposed by the crumpled configura- 
tions which paraffins (C; to Cg) take in the vapor phase.” 
The proposal! is that some secondary C—H bonds are 
shielded by attack from Cl atoms and thus, an over-all 
decrease in reactivity is observed as the chain lengthens. 

Bromination. Thermal and photochemical gas phase 
brominations have been studied in considerable kinetic 
detail by Van Artsdalen (47), Kistiakowsky, and their 
colleagues.1* These studies have made it possible to 
arrive at bond dissociation values for a number of 
hydrocarbons and the mechanism for both types of 
bromination involves a typical free radical chain proc- 
ess illustrated for isobutane (77) to (81): 


hv 
Br. 2Br- (photochemical) 
or Br. + M — 2Br- + M (thermal) 


= 
Br. + — HBr + CH;—C—CH; 


CH; CH; 
CH,—C_CH, + Br—Br — CH,—C_Br + Br- 
On, 
CH; CH; 
CH,—C—CH, + HBr + Br- 


2Br- + M Br. + M (81) 


An experimental activation energy of 11.7 kcal./mole 
obtained photochemically is assigned to the hydrogen 
abstraction, equation (78). The thermal bromina- 
tion (mean temperature 121°C.) gave what was con- 
sidered to be a less reliable value of 12.5 kcal./mole. 

The kinetic data were combined with other thermal 
data to obtain a value of 91.3 kcal./mole for the bond 
dissociation energy of the tertiary carbon-hydrogen 
bond (335°K.). 

It is of interest to consider the carbon-hydrogen 
bond dissociation energies (Table 3) determined from 
the bromination kinetics of Van Artsdalen and col- 


leagues.'* As shown, the primary C—H values are 
considerably higher than the tertiary C—H and ben- 
zylic C—H due to the resonance stabilization of the 
t-butyl and benzyl radicals formed in the dissociation 
process. The value for the C—H in toluene, however, 
would appear to be high; as mentioned previously, 
Stevenson and Schissler, and Szware have found a 
value in the range of 77 + 3 kcal./mole for the benzylic 
C—H. 


TABLE 3 
Carbon-Hydrogen Bond Dissociation Energies 

D(C—H); 

Bond kcal. /mole 
CH;—H 101.6 + 
CH.Br—H 99 + 
98.5 + 
+ 


C.H;—H 

(CH;);CCH:-—H 94.0 
(CH;);C—H 89.6 
C.H;CH.—H 88.1 


Recent vapor phase photochemical bromination stud- 
ies by Kharasch (49) and his colleagues are of interest 
since they demonstrate the possibility of radical re- 
arrangement in vapor phase (equations (82), (83), 
(84), (85)) halogenation. 


hv 
Br. —~ 2Br- (82) 


CH, CH, 
+ Br 


CH, CH, CH, 
_cu,—¢—cu, + HBr 
H; H, (83) 
CH; CH; CH; 
buf, H; H; CH; 
CH; CH; 
CH,-¢—CH —CH; + Br—Br — 


H; CH, 
CH; CH; 


—CH; + Br- (85) 

Br H; H; 
Kharasch’s work further suggests that polyhalides may 
arise from a sequence of. radical disproportionation 
reactions accompanying free radical bromination. 
Thus, in the case of 2,3-dimethylbutane, 1,4-dibromo- 


2,3-dimethyl-2-butene is isolated; a suggested method 
of formation is depicted in equations (86) to (90). 
CH; CH; CH; CH; 
(86) 
CH; CH; CH; CH; 
+ Br > cnt — + HBr 
(87) 


12 See references cited in ref. (46). 
13 See ref. (47) for a list of the earlier publications in the series. 
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‘* Compare with the electron impact data of D. P. Srevenson, 
ref. (48). 
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CH; CH; CH; CH; 
(88) 


CH; CH; CH; CH; 


—CH; + Br- > + 60) 


CH, CH, CH, CH; 


cu,—¢—d—cn, + Br. > BrCH,-C-—C—CH,Br (90) 


Radical disproportionation reactions such as (87) 
and (89) may also occur by disproportionation with a 
like free radical. 


MISCELLANEOUS PYROLYSES 


Ethers. The thermal decomposition of dimethyl 
ether and diethyl ether at elevated temperatures has 
been widely investigated (2k), and there is substantial 
evidence for the participation of free radicals. The 
latter have been detected by the Paneth technique 
and by mass spectrometry, and the reaction is in- 
hibited by nitric oxide and propylene. 

Rice and Herzfeld (12) suggested the following chain 
reaction for decomposition of dimethy! ether: 


CH;—O—CH; — CH, + CH;—0. (91) 

CH;—O- + CH;—O—CH; — CH,OH + -CH.—O—CH, (92) 
CH;—O- + H- (93) 

CH,-(H-) + CH;—O—CH; — CH,(H2) + -CH.—O—CH; (94) 
-CH.—O—CH; — H:C=0O + CH;: (95) 

2CH;- (96) 

CH;- + -CH,—_O—CH; CH,—CH:—O—CH, (97) 

2 -CH,OCH; — CH,OCH,—CH.OCH; (98) 


This mechanism leads to a kinetic expression in reason- 
able agreement with experiment, and the stable prod- 
ucts of the reaction are predicted by such a scheme. 
The decomposition of dimethyl ether has also been 
shown to be sensitized by methyl radicals produced 
from the photolysis of acetone (5/). 

The decomposition of diethyl ether appears to involve 
free radicals to a considerable extent based on evidence 
similar to that found for dimethyl ether. However, 
the exact mechanism of decomposition is still uncertain. 
Rebbert and Laidler (52) concluded that the initiating 
step is that shown in equation (99). This step is then 
followed by a sequence of reactions similar to the Rice- 
Herzfeld scheme proposed for dimethy] ether. 


C:H;—O—CH.—CH; — C:H;—O- + CH;—CH: (99) 


They reason that the carbon-carbon bond rupture (max- 
imum of 83 kcal.) is less likely than the carbon-oxygen 
bond rupture (estimated by them as 77.5 keal.). 

Aldehydes and Ketones. A. vast amount of work has 
been done on the thermal decomposition of acetal- 
dehyde and acetone, typical carbonyl representatives. 
To get an over-all picture of the work which has been 
done, the reader is referred to Steacie’s complete dis- 
cussion (21). 

A considerable amount of conflicting evidence exists 
in the literature as to the mechanism of decomposition 
of acetaldehyde, but at least part of this conflict ap- 
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pears to arise from purification problems and question- 
able interpretation of inhibition experiments. At any 
rate, the thermal decomposition appears to be for the 
most part consistent with a mechanism originally sug- 
gested by Rice and Herzfeld (12) (equations (100) to 
(106)). Although not shown it is possible that -CHO 
may also act directly as a chain carrier. The pyrolysis 


CH;—CHO — CH;: + -CHO (100) 
-CHO — CO + H- (101) 
CH;-(H-) + CH;—CHO — CH,(H2) + CH;—CO- (102) 
CH;—CO- — CH; + CO (103) 
2CH;- C.He (104) 

O 
CH;: + CH;—CO- — cu,—¢_cn, (105) 

2CH;—CO: — (106) 


of mixtures of CH;CHO and CD;CDO by Wall and 
Moore (54) shows that extensive isotopic mixing occurs 
even at low conversions; this mixing is consistent with 
the occurrence of (107) and (108). Path (109) has been 


CH;: + CD;—CDO — CH;D + CD;—CO. (107) 
CD;- + CH;—CHO — CD;H + CH;—CO. (108) 


suggested to explain the surprising appearance of sub- 
stantial amounts of CD.H, found even at low conver- 
sions (21). 

Rice and Varnerin (55) have recently published 
further work on the thermal decomposition of acetalde- 
hyde and deuteroacetaldehyde. The evidence again 
supports a radical chain mechanism. When 50:50 mix- 
tures of CH;CHO—C:.D, or were de- 
composed at ca. 500°C., the amount of isotopic mixing 
(measured by CH;D/CH, and CD;H/CD, ratios re- 
spectively) was found to be proportional to the per- 
centage of aldehyde decomposed. The addition of ni- 
tric oxide to the mixtures either caused no effect or in- 
creased the forementioned ratios slightly. It should be 
noted that high (>7%) concentrations of NO ac- 
celerate the decomposition of both CH;CHO and CD;- 
CDO; however, both rates are markedly reduced in the 
presence of propylene as would be expected for a radical 
chain reaction. Rice’s work leads to a number of in- 
teresting relative rates for the elementary reactions in- 
volved in the aldehyde decomposition studies. 


TABLE 4 
Elementary Reactions in Aldehyde Decomposition 


Relative 
rates Reaction 


ky = 39.2¢ (1) CH;- + CH;—CHO — CH, + CH;—CO. 
(2) CD;- + CD;—CDO — CD, + CD;—CO- 
(3) CH;;: + —> CH;D + C.D;- 

(4) CD;- + > CD;H + C.H;-: 

(5) CD;- + CH;—C=—CH, — 


@ Other published values (ref. (89)) give ki/k; = 71.2, ko/ky = 
11.7 and k2/k; = 3.9 These values were obtained at a lower tem- 
perature and by a different technique than that used by Rice. 


= 4.75 
ko/ks = 2.75 


The amount of work done on the thermal decomposi- 
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tion of acetone is no less impressive than that done on 
acetaldehyde. The evidence for the most part seems to 
be consistent with a short chain free radical mechanism 
similar to that shown for acetaldehyde. Recent work by 
Gordon, Davis, and MeNesby (56), (57) on the pyroly- 
sis of mixtures of acetone with deuterated acetones is of 
considerable interest; their work supports the original 
Rice-Herzfeld mechanism (1/2) with the exception of 
chain termination details. By measuring the CD;H to 
CD, ratios they were able to measure the relative rates 
of reactions (110) and (111); H,—E, was found equal 
to 1.67 + 0.09 keal. 


E 
CD; + CD;H + (110) 
E, 
CD; + CD; —CD; —> CD, + -CD, —CD,; (111) 


The corresponding reactions for hydrogen abstraction 
by CH;- radicals were also found to proceed with ac- 
tivation energies differing by about 1.7 keal., larger as 
expected for abstraction of the deutero atom.® 

The work of Davis, Gordon, and MecNesby is instruc- 
tive in regards to the termination steps (112), (113), 
(114) in acetone pyrolysis. Mass spectrometric investi- 
gation showed the presence of ethane and acetonyl 
acetone, but no methyl ethyl ketone. Reaction (113, 
was therefore considered unlikely as a termination 
step. 


CH;-: CH;: (112) 


oO O 
| 
CH; + cu,—b—cn, (113) 


O 
<> CH;COCH.—CH,COCH; ( 1 14) 


Numerous thermal decomposition studies exist on 
other carbonylic compounds. In many of these studies it 
is again not entirely clear as to how much of the de- 
composition proceeds by a radical mechanism and how 
much by a molecular process. However, there is con- 
siderable evidence for the participation of free radicals 
in vapor phase pyrolyses of a number of carbonyl com- 
pounds. 

Metal Alkyls. The facile decomposition of a number 
of metal alkyls has been utilized as a basis for the initia- 
tion of radical chains on many occasions. It appears 
likely that the initial step in general is that shown in 
(115). 


Rx,Metal + R- (115) 


A brief discussion of the work on mercury alkyls will be 
presented to illustrate the chemistry involved. 

Gowenlock (58) et al. have studied the thermal de- 
composition of dimethyl mercury and diethyl mercury, 
respectively, by flow methods. They have suggested 
free-radical mechanisms to explain both of these de- 
compositions; a typical scheme is shown for the di- 
methyl compound (equations (116) to (121)). 


Hg(CH;)2 -HgCH; + CH:- (116) 


‘5 See ref. (26) for a theoretical discussion of the effect of deu- 
terium substitution on bond energies and activation energies, 
and ref. (63) (p. 2843) for the explanation of isotope effects in 
the pyrolysis of a mixture of ethane and ethane-dg. 
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-HgCH; — Hg + CH;- (117) 

2CH;- C.H¢s (118) 

CH;: + Hg(CH;)2 CH, + -CH.HgCH; (119) 
CH; + -CH,HgCH; CH;CH.HgCH; (120) 
2 -CH,HgCH; — (CH;HgCH.—). (121) 


Reaction (116) has been correlated with the observed 
activation energy and, thus, a value of ~51.5"* keal. is 
suggested for the bond dissociation energy of the first 

CH;) methyl-mercury bond. Using a 
similar scheme for the diethyl compound and assuming 
a frequency factor, an activation energy of 41.5 keal. 
has been identified with the bond dissociation energy for 
the first mercury-ethyl] bond; due to the assumption 
involved, this value clearly involves a certain amount of 
unreliability. 

An interesting finding in the alkyl mercury studies is 
the detection of some cyclohexane when diheptyl mer- 
cury was decomposed thermally (59). This presumably 
arises by an intramolecular displacement reaction (122) 
involving the heptyl radical. 


(122) 


Recently, Laurie and Long (60a) have studied the 
thermal decomposition of dimethyl mercury in a static 
system, finding a homogeneous first order reaction at 
294°-333°C. (70-80 mm. pressure). The rate-determin- 
ing step is the dissociation of the first metal-carbon 
bond, and their observed activation energy (51.3 + 0.5 
keal.) is assigned to this value. It will be noted that 
this is in good agreement with that found by Gowenlock 
et al. From known thermochemical data, the energy 
needed to break both metal carbon bonds was calcu- 
lated as 56.8 keal.; a value of 5.5 keal. (56.8-51.3) + 3 
keal. was thus assigned to the bond dissociation value 
for the second mercury-carbon bond. Mechanistically, 
the scheme proposed by Long (60b) to account for the 
formation of principally methane and methylene poly- 
mer, (CH), and small amounts of ethane and ethylene 
is that shown in equations (123) to (130). 


Hg(CH;)2 -HgCH; + CH;- (123) 

-HgCH, — Hg + CH;- (124) 

2CH;- —~ C:H¢ (125) 

+ CH, + (126) 

CH;: + C.:H;- ~ CH, + (or C;Hs) (127) 

C:Hs: + C:Hs- + C2Hy (or CyHio), ete. (128) 
Alternatively, Long suggests that the fate of the 


methyl radicals may be partially that shown in (129) 
and (139). 


CH,- + CH; ~ CH, + -CH: (129) 


wall 
2 -CH.. ———> CH,—CH, ————> polymer (130) 
In any case, it appears that ethylene may be chiefly re- 


16 The energetic conclusions have been criticized, and a sug- 
gestion made that the value of 51.5 kcal. is good to within three or 
four keal. See ref. (2), p. 248. 
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sponsible for the polymer formation observed. Sig- 
nificant to this mechanistic scheme is the fact that steps 
(119) to (121), considered by Gowenlock et al. to be im- 
portant at higher temperatures, are regarded as unim- 
portant. Long argues that E,,, for (119) is probably 
greater than 11 kcal. and exceeds F£,,, for (126) and 
presumably has a smaller steric factor. He thus con- 
cludes that (119) cannot compete effectively with (126). 
Long also indicates that they and other workers have 
failed to find any dimer corresponding to (121), and 
further argues that it would not effectively terminate 
chains. However, £,,, for (126) has recently been de- 
termined to be in the range 10.4 to 11.2 kcal. Further- 
more, Oswin, Rebbert, and Steacie (66) have recently 
determined £,., for reaction of CH;- and CD; with 
CH;HgCH;, respectively, as 10.2 + 1.0 and 10.0 + 1.0 
keal./mole. It would therefore appear that complete 
and definitive resolution of the mechanism of dimethyl] 
mercury decomposition will require further work. 

Halides. Limited space permits only brief mention 
of the role of halide pyrolyses in vapor-phase free radical 
chemistry. A large number of chlorides, bromides and 
iodides have been pyrolyzed and in many cases the 
kinetics of the decomposition investigated (2m). The 
evidence in many cases indicates that these are simple 
unimolecular eliminations (particularly with the chlo- 
rides and bromides) and free radicals do not participate, 
For example, Maccoll and co-workers have studied the 
pyrolysis (300°-350°C.) of some organic bromides- 
namely, sec-butyl (6/a) cyclohexyl (6/b) and tert-butyl 
bromide (6/c). In seasoned reaction vessels all of these 
decomposed homogeneously, exhibiting first order 
kinetics and forming the corresponding olefin and hydro- 
gen bromide. Initial rates were not affected by typical 
olefinic inhibitors and it was concluded that free radicals 
did not participate. 

On the other hand, earlier work by Maccoll and co- 
workers indicated that allyl bromide (62a) decom- 
posed by a radical non-chain process and n-propyl bro- 
mide (62b) by a radical chain process. Initiation and 
propagation steps are shown in equations (131) to (133) 
for the n-propyl bromide decomposition. 


CH;—CH,—CH,Br — CH;—CH,—CH:: + Br- (131) 
Br: + CH;—CH,—CH,Br — CH.—CH—CH.Br + HBr (132) 
CH,;,—CH—CH,Br — CH;—CH=CH; + Br- (133) 


In the case of isopropyl bromide (62c) a non-radical 
elimination of hydrogen bromide is suggested. 
Similarly, consideration of chloride pyrolyses shows 
evidence for radical character in some and predomi- 
nantly unimolecular elimination reactions in others. 
Iodide pyrolyses have been of considerable interest 
because they afford a means of obtaining bond dissocia- 
tion energies. The method is attractive since the R—I 
bond is a weak bond. In general, the procedure consists 
of measuring £,,, for the primary reaction, R—I > 
R-+1-. Itis assumed that £,,, for the reverse reaction 
is zero, and the measured. Z,,, is thus identified with the 
bond” dissociation energy (E,., of forward reaction = 
Dg.....1). However, this method is fraught with 
considerable difficulty and many values obtained in this 
way appear to be quite unreliable for various reasons.” 
An interesting observation was recently made on the 


17 See ref. (2), p. 81. 


thermal decomposition of some xylyl iodides (63). The 
reaction was followed mass spectrometrically by meas- 
uring the ratio of mass peak 105 (CH; CH;:) to 
232 (parent iodide). In the case of the ortho and para 
compounds, mass 105 was observed to decrease rapidly 
with increasing temperature (>825°), giving rise to 
mass 104; at 1000° nearly all mass 104 was observed. 
This behavior was not observed with the m-isomer; it is 
assumed in the case of the o- and p-derivatives that the 
appearance of mass 104 is due to quinonemethide for- 
mation (134) by disproportionation of two xylyl radicals. 


(Mass 105) 


—=CH: + 
(Mass 104) 


_S—CH; (134) 


The utility of the mass spectrometer in detecting and 


‘following the fate of free radical intermediates is clearly 


demonstrated. 

An area of great current activity and interest in re- 
search on free radical chemistry is that of hydrocarbon 
oxidation. Because of the widespread interest in this 
field, it was thought desirable to discuss the chemistry 
of alkoxy and alkylperoxy radicals collectively in a sub- 
sequent section (Part II)" of this review. Included in 


this latter section will be a review of many of the de- ° 


velopments in the chemistry of peroxides which have 
done much to further our insight into the mechanisms 
of oxidation. For convenience, some of the energies of 
simple alkyl radical reactions will also be tabulated in 
the concluding section of Part IT. 
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929). TECHNICAL BULLETIN ON GAS ADSORPTION 
J., 3, 
Discus- Tue Department of Research in Physical Chemistry of the Mellon Institute has prepared a Tech- 
nical Bulletin on “The Assembly, Calibration, and Operation of a Gas Adsorption Apparatus for 
~ Chem. the Measurement of Surface Area, Pore Volume Distribution, and Density of Finely Divided 
Solids’? by Paul A. Faeth and Charles B. Willingham. A limited number of copies of this bulletin 
64, 658 are available gratis to teachers and technical librarians. 
A, 200, A volumetric gas adsorption apparatus suitable for studies of surface area, pore volume distri- 
ay Soc. bution and density of a variety of finely divided and porous solids is described. A diagram of the 
complete apparatus is shown as are detailed drawings of several types of sample tubes, the manom- 
Faraday eter, the gas purification train, a special Dewar, a constant bath-level device, and a bake-out 


Discus- oven. The assembly, calibration, and testing of the gas measuring system, the nitrogen ther- 
‘ mometer, and the auxiliary systems for gas purification and transfer are discussed. The opera- 
tion of the apparatus is explained and sample calculations are given for typical surface area 
measurements using nitrogen and krypton gases and also for the determination of true density by 
a helium displacement technique. A discussion of the determination of pore volume distributions 
is also included. 
Requests for copies of this bulletin should be addressed to: Charles B. Willingham, Head, De- 
partment of Research in Physical Chemistry, Mellon Institute, Pittsburgh 13, Pennsylvania. 
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REACTIONS 


The Enzymes 


They light the firefly’s tiny torch at dusk 
Destroy and build great structures in the realm 
Of molecules. While we with prying eyes 
And puny instruments attempt to watch, 
To marvel, and—perhaps—to understand. 


Aurnoven a great variety of substances can hasten 
chemical reactions, one class of catalytic agents is en- 
dowed with such efficiency, specificity, and importance 
to life processes that it truly can be called unique. 
These catalysts are the enzymes. Enzymes occur in a 
diversity of places: in the venom of snakes (1), for ex- 
ample, where the enzyme hyaluronidase enables the 
poison to spread rapidly through the tissues of a vic- 
tim; in the tails of fireflies (2), where the enzyme 
luciferase reacts with its substrate luciferin in the 
presence of oxygen, and light is produced; in the brain 
and nervous system where the enzyme cholinesterase is 
associated with the transmission of nerve impulses. 
The last-named enzyme is also found in high concentra- 
tion in the electric organ of the electric eel (1). 

There is an enzyme (or enzymes) that hastens a 
Walden inversion (3), and another called hydrogenase 
(4) that catalyzes the transformation of ortho to para 
hydrogen. It is small wonder, then, that the study of 
these substances has occupied the attention of numerous 
scientists in the physical and biological sciences and in 
the intriguing borderline fields that lie between. 

Enzymes are biochemical catalysts that are synthe- 
sized by the living cell but are capable of action in vitro 
as well as in vivo. A discussion of methods of isolation, 
general properties and descriptive material is beyond 
the scope of the immediate work. These important 
aspects of enzymology are moreover comprehensively 
treated in numerous reference works (1), (5), (6), and 
treatises (7), (8). Suffice it to say: that all enzymes 
thus far isolated are proteins, that many have been ob- 
tained in the crystalline state (8), (9), and that some con- 
sist of a protein moiety and an essential auxiliary di- 
alyzable part called a prosthetic group. 


MICHAELIS-MENTEN MECHANISM 


The rate of an enzyme catalyzed reaction is, in gen- 
eral, directly proportional to the total enzyme concen- 
tration. The dependence of rate on substrate con- 
centration, however, is considerably more complex 
(Figure 1). At low substrate concentration the reaction 
appears to be first order; but, with increasing concen- 
tration, the apparent order decreases until, at high sub- 
strate concentration, the rate passes through a region of 
essentially zero order kinetics on its asymtotic ap- 
proach to a limiting value, Vmax.. A mechanistic ex- 
planation of this interesting behavior was first offered 
in 1913 by Michaelis and Menten (10) although the 
basic notion had been presented earlier by Brown (//), 
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Henri (12), and others, Briggs and Haldane (13) ex- 
tended and amplified the original treatment. The pro- 
posed mechanism can be summarized in the following 
form: 


ky ks 
ES —— E +P (1) 


E+S8 


Equation (1) assumes that the enzyme, E, combines 
with its substrate, S, to form an intermediate compound 
the enzyme-substrate, ES, at a rate characterized by the 
rate constant kh; Once formed the enzyme substrate 
has two alternative fates. It can reform the free en- 
zyme and substrate (k2), or decompose (k;) to form the 
product, P, and regenerate the enzyme. 
A conservation equation can also be written: 


e = [E] + [ES] (2) 


That is—the total enzyme concentration, e, is equal to 
the concentration of the free enzyme plus the concen- 
tration of enzyme beund up in the enzyme-substrate 
complex. Since the net rate of formation of ES is the 
rate of formation minus the rate of loss it becomes ap- 
parent from equation (1) that: 

dt 


For £, S, and P analogous rate. expressions can be 
formulated as follows: 


= ky[E][S] — (ke + ks)[ES] (3) 


+ ks) [ZS] — ki[E][S] (4) 


= (6) 
A rigorous description of the system would necessitate 
solving the two simultaneous differential equations (3) 
and (5), but no simple analytical solution for these 
equations can be obtained. The situation is a common 
one in chemical kinetics and is routinely treated by the 
steady-state assumption of Bodenstein (14). His ap- 
proximation assumes that the concentration of active 
intermediates may be considered to remain constant 
during most of the reaction. Applied to the ES com- 
pound the treatment reveals that: 
a{ES]* _ 
dt 


[ES]* = const., 0 (7) 


The asterisk denotes the fact that the equation will only 
hold after a steady state has been established or, in 
other words, when the rate of formation of ES is equal 
to its rate of disappearance. From equation (3) it 
follows that: 


[E]*[S]* _ ke 
ky 


= K,, (8) 
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The collection of constants has been equated to Mi- 
chaelis’ constant K,. By combining equation (8) with 
equation (2) it is now possible to eliminate [Z]* and 
express [ES]* in terms of [S]* and e. 
e[S]* 
[S]* + Km 


[ES]* = (9) 


One additional assumption is necessary. Since the 
enzyme concentration is usually several orders of mag- 
nitude smaller than the substrate concentration, it 


(13) ex- BH follows that very little substrate is bound up in the ES : 
The pro- § complex; and if the reaction is studied in its early ' 
‘ollowing ctages [P]< [S]. Hence, the conservation equation for 
S: 
K, 
= [S] + [BS] + [PI (10) S 
can be written as Figure 1. Rate, V, as a Function of Substrate Concentration, s 
ombines s = [S] (11) 
where s represents the total initial concentration of sub- (4) is (16) 
strate. From equations (6), (9), and (11) equation (12) 
ia om. is obtained, This form is widely used to assign values to Kn, ks, 
and Vymax.. A plot of 1/V vs. 1/s is displayed in Figure 2. 
orm the aP = ee (12) From the reciprocal of the y intercept, V max. can be cal- 
y “o culated. If e is known, k; can then be determined. The 
‘ In the steady state it also follows from equations (7) ratio of slope to intercept yields a value for Kp. Al- 
(2) and (10) that d[P]/dt = —d[S]/dt = V. Conse- ternatively the experimental line can be extrapolated to 
iaihihiee quently, under the above assumptions, the velocity of intersect the abscissa and K,, determined (Figure 2) 
q the reaction measured either as the rate of disappear- (16). Many other plots have been described (7). 
a ance of the substrate or as the rate of appearance of There are several additional features of the Michaelis- 
ea product can be related to the total enzyme concentra- Menten treatment that should be mentioned. Consider, 
ieee tion and total substrate concentration by the simple ex- for example, the result obtained from equation (13) 
aes ap- pression: when s = Kn. It follows immediately that V = 
iia OF aay Consequently K, may be thought of as the 
(3) V= Pe ya (13) substrate concentration necessary to reduce the ve- 
locity to '/, its maximum value (Figure 1). A great 
roe Does this equation therefore correctly describe the ex- deal of discussion in the literature has revolved about 
perimental] results typified by Figure 1? At very low the true significance of K,. Of importance here is the 
substrate concentration s < Ky», fact that, although K,, has the same form (equation (3)) 
(4) and as a dissociation constant, it is not necessarily a thermo- 
hie dynamic entity since it was derived under the non- 
(5) a > (14) equilibrium assumption of the steady state. If k; < ho, 
then K,, would be a true equilibrium constant and a 
At very high substrate concentration S > Kn and thermodynamic measure of the dissociation of the ES 
(6) ratisn (15) compound; but, if k; > k2, Km would be only a ratio of 
" max. rate constants. To establish the true nature of K,, it 
essitate It becomes immediately apparent from equations 
ions (3) (13), (14), and (15) that the Michaelis-Menten mecha- 
r these nism fits the experimental facts quite well. The mecha- 
ener nism predicts the direct proportionality observed be- 
by the tween rate and total enzyme concentration and de- 
His ap- scribes the effect of increasing substrate concentration 
active in a very satisfactory fashion. Moreover the physical 
onstant picture that it affords is most attractive. The rate of 
S com- product formation is always proportional to [ES] l, 
(equation (6)). At low substrate concentrations, how- V 
? ever, most of the enzyme is in the uncombined form, E, 
' and the rate is proportional to s. As s increases a 
~_——— greater fraction of the enzyme is combined in the ES 
veld complex (equation (9)), and at very high substrate 
samen concentration essentially all of the enzyme is in this , 
(3) .form. Under the latter conditions, therefore, increasing 
substrate concentration does not markedly increase the gt 
rate (Figure 1). | 
(3) Lineweaver and Burk (1/5) have pointed out that S 
equation (13) can be rearranged to read: Figure 2. The Lineweaver-Burk Plot 
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Figure 3. Enzyme-Substrate Concentration as a Function of Time 
(after Chance) 


would be necessary to find values for the individual rate 
constants: ki, k2, and ks. An examination of equations 
(13) and (16) shows that these values cannot be found 
from data on rate as a function of substrate concentra- 
tion after steady state has been established. Another 
. significant fact should also be stressed. Although the 
Michaelis-Menten mechanism gives a correct rate ex- 
pression, this fact alone by no means constitutes ir- 
refutable evidence that the mechanism is correct. A 
critical proof would require verification of the existence 
of the ES complex. 


TECHNIQUE OF INVESTIGATION 


In the late 1930’s Stern (17), Keilin and Mann (18), 
and the 1955 Nobel Laureate Hugo Theorell (19) made 
some remarkable observations on the enzymes that de- 
compose hydrogen peroxide and substituted hydrogen 
peroxides. As an illustration of these findings some 
results obtained with one of the hydroperoxidases by 
Stern (17) will be considered here. 

The enzyme preparation (obtained from horse liver) 
was brown in color; on addition of monoethylhydrogen 
peroxide there was a rapid color change to a greenish 
hue. Within seconds a red color, attributable to the ES 
compound, appeared. This color rapidly faded to re- 


pH 


Figure 4. Rate, V, as a Function of pH 


generate the original brown color of the enzyme solu- 
tion. Thus the pioneering work of the above investiga- 
tors established the existence of the postulated 
Michaelis-Menten intermediate. The absorption spec- 
trum of an ES compound had been observed. 

From the foregoing observations Chance developed 
a new, highly important technique for the study of en- 
zyme kinetics—a technique based on the kinetic be- 
havior of the ES complex. The method involves 
measurement of the rate of growth and decay of an ab- 
sorption band characteristic of the complex. Ex- 
tremely rapid mixing (less than a millisecond) and a 
spectrophotometer with high sensitivity and rapid re- 
sponse (20) make it possible to follow the kinetics before 
and after steady state has been established (21), (22), 
(23). Since these measurements can be made before 
steady state it should be possible to evaluate ki, ke, and k; 
from the experimental data if a solution for the differen- 
tial equations (3 to 6) could be found. . A differential 
analyzer was employed (24) and, in the case of the hy- 
droperoxidases, the kinetic constants could all be eval- 
uated. Figure 3 shows a schematic representation of a 
typical curve of [ES] asa function of time. Since equa- 
tion (7) is equivalent to maximizing [ZS] with respect 
to time it follows that Michaelis-Menten kinetics will 
only be obeyed in the region of the maximum in Figure 
3. 


OTHER ASPECTS OF ENZYME BEHAVIOR 


A plot of rate as a function of pH frequently results in 
a bell-shaped curve like that shown in Figure 4. Such 
a curve can be explained by assuming an ionization of the 
enzyme and/or substrate. This aspect of enzyme be- 
havior has recently been the subject of an excellent re- 
view by Alberty (25) who has also carefully treated 
other aspects of enzyme kinetics (26). 

Temperature, dielectric constant, and ionic strength 
(27) are other highly important variables in the study 
of enzyme catalyzed reactions, but space does not per- 
mit their detailed discussion here. The study of in- 
hibitors and the important correlations (2), (5), (28, 
(29), (30), (31) that such studies can give between in 
vitro and in vivo work, can only be mentioned at this 
time. Steps beyond the Michaelis-Menten mechanism 
(32), (26) and the extensive contributions by numerous 
thorough investigators must be left to review papers 


and monographs (33), (34). Suffice it to say that the ver 
kinetic study of enzyme catalyzed reactions has indeed Yo 
become a field of broad dimensions in the domain of a ¢ 
modern science. gro 
a ¢ 
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CHEMISTRY?’ 


Tus investigation was concerned with discovering 
whether students who had taken courses in chemistry 
and physics at the high-school level were more or less 
successful as judged by grades attained in the first 
semester of the college chemistry course than students 
who had not taken these courses. The subjects partici- 
pating in this study were 800 students enrolled in the 
first course in chemistry in two colleges and three uni- 
versities located within the metropolitan area of New 
York. Group I was composed of 400 students who had 
a course in chemistry at the high-school level, while 
group II consisted of 400 students who had not had such 
a course. The students in these groups were equated 
on the basis of the raw “Q” and “‘T” scores attained 
on the American Council on Education Psychological 
Examination. In addition, the subjects were matched 
on the basis of sex and the college or university at- 
tended. Two 126-member subgroups (III and IV) 
were chosen from the members of group I on the basis of 
their having had or not having had a course in high- 
school physics. In a similar manner, two 98-member 
subgroups (V and VI) were chosen from among those 
in group II. The members of these subgroups were 


! This study was conducted as part of the requirement for the 
Doctor of Philosophy degree at Fordham University, School of 
Education, and was directed by William A. Kelly, Ph.D., Chair- 
man, Division of Educational Psychology, Measurements and 
Guidance. 
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matched on the basis of the ““Q” test scores and also on 
the basis of sex and the college or university attended. 
Table 1 shows the relationship between the various 
groupings. 


TABLE 
oe I (400) Group IT (400) 
(No high-school chemistry) (High-school chemistry ) 
Group III Group IV Group V (98) Group VI 
(126) (No (126) (No (High- (98) (High- 
high-school high-school school school 
chemistry chemistry chemistry chemistry 
or physics) but high- but no and high- 
school high-school school 
physics) physics) physics) 


The grades attained by the participating subjects 
were converted to quality points. This step was em- 
ployed to obtain uniformity among the grades recorded 
from the college permanent records. 

The statistical measures employed to determine the 
results of this investigation were the following: the 
mean score; the standard deviation of the mean; the 
standard error of the mean; the standard error of the 
difference between two uncorrelated means; the differ- 
ence between the means; and the critical ratio. The 
five and the one per cent levels of significance were 
chosen as criteria. 
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The critical ratio is a statistical measure usec iv deter- 
mine whether a real difference exists between two com- 
parable groups. It is obtained by dividing the differ- 
ence between the means of the groups by the standard 
error of the difference between the means. The stand- 
ard error of the difference between two means is ob- 
tained by extracting the square root of the sum of the 
squares of the standard errors of the means. The 
standard error of the mean is obtained by dividing the 
standard deviation from the mean by the square root 
of the number of subjects. 

A critical ratio of 2.58 would indicate that the proba- 
bility is ninety-nine to one that no real difference exists 
between the two groups. A critical ratio of 1.96 would 
indicate that the probability is ninety-five to five that 
no real difference exists. Critical ratios higher than 
2.58 and 1.96 indicate significant differences at the one 
and five per cent levels, respectively. As the critical 
ratio increases, the difference becomes more significant. 
The critical ratios obtained by comparing the achieve- 
ments in college chemistry between matched groups in 
this study are arranged in Table 2. 


TABLE 2 


Critical Ratios of Grade Performance in College Chemistry 
by Groups of Varying High-School Preparation 


Standard 
error of 
Mean difference Critical ratio 

Group II 2.22 0.074 Om . « 84 
Group I 1.64 0.074 
Differential 0.58 
Group IV 1.79 0.135 0.22 _ 1 62 
Group III 1.57 
Differential 0.22 
Group VI 2.38 0.141 0.36 _ 955 
Group V 2.02 0.141 
Differential 0.36 
Group VI 2.38 0.132 0.81 _ 6.136 
Group III 1.57 0.132 id 
Differential 0.81 
Group VI 2.38 0.148 0.59 _ 4.126 
Group IV 1.79 0.148 —- 
Differential 0.59 
Group V 2.02 0.136 0.45 : 
Group III 1.57 
Differential 0.45 
Group V 2.02 0.143 0.23 
Group IV 1.79 0.143 ~ 
Differential 0.23 


The critical ratio between group I and group II was 
7.84. This critical ratio was very significant with the 
difference in favor of group II. The high significant 
difference between the two groups was an indication 
‘that high-school chemistry was a contributing factor to 
success in the first semester of the first course in college 
chemistry. 

The grades of the members of group III were then 
compared with the grades of the members of group IV, 
and the critical ratio was 1.62 in favor of group IV. 


Although group IV exceeded group III, the difference 
was not considered significant at either the one or the 
five per cent levels. This signified that a course in 
high-school physics without a course in high-schoo| 
chemistry may not be a contributing factor to success 
in the first semester of college chemistry. 

The grades of the members of group V were then con- 
pared with the grades attained by the members of 
group VI, and the critical ratio between the two groups 
was 2.55, which was significant in favor of group VI. 
This revealed that students who had high-school cheni- 
istry and high-school physics attained slightly higher 


Fe 


whi 


wer 

grades in the first semester of the first course in college § 7); 
chemistry than students who had a course in high-§ p,., 
school chemistry but not in high-school physics. ing) 
Group III was then compared with group VI with gen 
respect to grades attained, and the critical ratio was & ;,, 5 
found to be 6.136, which was very significant in favor Lal 
of group VI. The attainment of group IV was then § 7,,;, 
compared with the attainment of group VI, and the Thi 
critical ratio was 4.126, which was significant in favor of fH .),, 


group VI. The difference between group VI and 
group IV was not as significant, however, as the differ- 
ence between group VI and group III, which offered 
evidence that high-school physics is a contributing fac- 
tor to higher grades in college chemistry. 

A comparison was also made of the attainment of 
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group III with the attainment of group V, and the cri- % 
tical ratio was 3.309, which was significant in favor of  p,, 
group V. qua 
The critical ratio between group III and group V1 §& ,,,, 
was 6.136, which was 85.43 per cent higher than the  \ i 
critical ratio of 3.309 between group III and group V. | via 
The subjects of group VI had a course in physics at the J 
high-school level; the subjects of group V did not. @ ip. 
This, again, indicated that a course in physics at the (Ve 
high-school level contributes to success in college chem- 5, 
istry °. con 
Finally a comparison of attainments of group IV and @ ,,.. 
group V was made, and the critical ratio was 1.608, rig! 
which was not significant. This gave evidence that % ,;; 
there was no real difference between group IV and @ ,,,, 
group V with respect to grades attained in the first @ .,. 
semester of college chemistry, and furnished additional @ ,;) 
evidence that a course in high-school physics is a con-  ,,, 
tributing factor to success in college chemistry. Ro 
The results of this investigation justify the following § ,;, 
conclusions: the 
(1) <A course in chemistry at the high-school level is pu 
an asset to high-school students who intend to continue (ne 
the study of chemistry in college. rit 
(2) A course in high-school physics without any - 
high-school chemistry contributes little to success in ) 
college chemistry. 
(3) A course in physics and a course in chemistry at 18 
the high-school level contribute more to success in the at 
first semester of college chemistry than a course in cz 
chemistry alone. 
(4) Both high-school chemistry and _ high-school 
physics contribute more to success in the college chem- 3 , 
istry course than a course in either of these high-school c. 
subjects alone. 
liu 
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Few people know that Liebig’s Annalen der Chemie 
which have been in continuous existence since 1832 
were originally designated as Annalen der Pharmazie. 
This is not so strange as it may appear at first sight. 
Practical chemistry had its origin in the mines (assay- 
ing) and in the drug store (pharmacy), and its emer- 
gence as a separate science was gradual. There was, 
to be sure, in Liebig’s youth, a periodical which was, in 
a small way, a forerunner of Ostwald and van’t Hoff’s 
Zeitschrift fiir physikalische Chemie, started in 1887. 
This was Gilbert’s Annalen der Physik und physikalis- 
chen Chemie (the successor of Gilbert’s Annalen der 
Physik (1799-1819)), which became Poggendorff’s 
Annalen der Physik und Chemie in 1824 and later, from 
1877 to 1899 Wiedemann’s Annalen der Physik und 
Chemie until finally it emerged as Annalen der Physik, 
under Drude as editor. 

Liebig who had started on his first job as a druggist’s 
apprentice in Heppenheim, near his home town of 
Darmstadt, in the Grand Duchy of Hesse, had no 
qualms of conscience in publishing the results of his 
work and that of his friends and pupils in a periodical 
with an established clientele of subscribers. As a mat- 
ter of fact the Annalen der Pharmazie started out as a 
combination of two pharmaceutical periodicals, viz., 
the Magazin fiir Pharmazie und Experimentalkritik 
(Vol. 37, 1832) and the Archiv des Apothekervereins im 
nérdlichen Deutschland (Vol. 40, 1832). The title of the 
combined publications, viz., Annalen der Pharmazie 
was given on the left side of the front page, while on the 
right the original journals were mentioned separately 
with their respective editors. The Annalen appeared 
monthly, three numbers forming one volume. The 
custom of publishing four volumes a year persisted un- 
til 1873. In 1861, 1863, 1865, 1866, 1867, 1868, 1870, 
and 1872 supplementary volumes, distinguished by 
Roman numerals I to VIII, were issued. Beginning 
with 1873, the number of volumes per year varied, all 
the way from one (in 1916) to nine (in 1929). The 
publishing was, at first, done in two places, in Lemgo 
(near Bielefeld) and in Heidelberg, but later, starting 
with Volume 11, for a long time exclusively in Heidel- 
berg. 

Liebig’s connection with the Annalen began as fol- 
lows. His colleague Philipp Lorenz Geiger (1785— 
1836), a pharmacist, since 1824 professor of pharmacy 
at Heidelberg and editor of the Magazin fiir Pharmazie 
und die dahin einschlagenden Wissenschoften, was 
anxious to be relieved of the daily management of his 
journal and asked Liebig to join him as co-editor. 
Liebig who had to support a wife and three children 
on only 800 florins a year accepted this new position 
reluctantly. On March 8, 1831, he wrote to Berze- 
lius: 


I have, recently, been burdened with a heavy load, by joining 
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Geiger as co-editor of his journal, all for the sake of the damned 
money involved. At the small university where I live, I am al- 
most on the verge of starvation. ‘ 


Once embarked on this literary activity Liebig went 
at it with his usual energy. The final three volumes of 
1831 (34, 35, and 36) carry the new title Magazin fiir 
Pharmazie in Verbindung mit einer Experimentalkritik, 
to express Liebig’s intention to criticize the material 
published in the journal and to check, in so far as pos- 
sible, the recorded data by new experiments. The 
following year (1832) a second pharmaceutical journal 
was merged with Geiger’s journal. This was the Archiv 
des Apothekervereins im nérdlichen Deutschland, men- 
tioned before, edited by Rudolph Brandes (1795-1842), 
pharmacist at Salzuffeln (Westphalia) and ‘Ober- 
director” of the pharmacists of northern Germany. 
Liebig considered it the main duty of an editor to criti- 
cize, and his drastic innovations soon met with dis- 
approval on the part of Brandes who withdrew from 
the management of the combined periodicals in 1836 
and thereupon re-established his own journal under the 
shorter title of Archiv der Pharmazie. 

For a brief period (1834-36, Volumes 11 to 17) there 
were four editors. This was the result of the merger of 
a third journal viz., the Neues Journal der Pharmazie 
fiir Arzte, Apotheker und Chemiker with the other two. 
The editor of this third periodical was Johann Barthol- 
omi Trommsdorff (1770-1837). Trommsdorff, like 
Geiger and Brandes, was a pharmacist and for many 
years professor of chemistry and physics, and director 
of the Royal Academy of Useful Sciences at Erfurt. 
Geiger died in 1836 and Trommsdorff in 1837. The 
former was succeeded as editor by Emanuel Merck 
(1794-1855), pharmacist at Darmstadt and founder of 
the well-known pharmaceutical concern. Tromms- 
dorff was replaced by Friedrich Mohr (1816-79), phar- 
macist at Coblentz and later professor of pharmacy at 
Bonn. Mohr had been a frequent contributor to the 
Annalen and was held in high esteem by Liebig. 

Having been invited to attend the Liverpool meeting 
of the British Association for the Advancement of 
Science, Liebig, in the summer of 1837, undertook a trip 
to England, Scotland, and Ireland and thus got ac- 
quainted with the elderly Thomas Thomson (1773- 
1852) and his pupil Thomas Graham (1805-69). The 
latter, Liebig judged to be a modest and unpretentious 
chemist of great accomplishments. On his return to 
Germany Liebig stopped over in Paris where he 
settled his controversies with Dumas and converted 
him to his own viewpoint so completely that a coopera- 
tive program for common action was agreed upon. 
Back in Giessen, Liebig expressed his dissatisfaction 
with the way Mohr had managed the affairs of the 
Annalen in his absence. Both co-editors resigned, pre- 
sumably at Liebig’s request. This left Liebig in com- 
plete control of the Annalen which were then, starting 
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with Volume 25 (1838), edited “‘ with the cooperation of 
Messrs. Dumas in Paris and Graham in London.” 

In a four-page announcement of the new arrangement 
Liebig stated that the journal, in order to become truly 
international, was to be issued simultaneously in Eng- 
land, France, and Germany. He also indicated his 
intention to devote the Annalen chiefly to the new, viz., 
the organic chemistry, without however neglecting dis- 
coveries in related fields of research. What Wohler 
thought of this new arrangement we learn from a letter 
which he wrote to Berzelius on July 28 (1838) : 


I was greatly annoyed to see that Liebig since the beginning of 
this year published his Annalen with the co-operation of Dumas 
and Graham. Although I know for sure that this title is merely a 
trick in favor of the publisher and the sale of the journal, this 
alliance seems to me not only ridiculous, but fatal, because apart 
from everything else, it ignores shamefully all nationality and it 
humiliates us in the eyes of these Frenchmen. I told Liebig 
what I thought of it and in order to re-establish to some extent a 
kind of equilibrium, and also to show that he is not going to 
change his scientific partners every minute, I proposed to have 
my name also placed on the title page. Of course, I promised 
him not only my name like the other two, but also my real co- 
operation, and this, naturally, without any remuneration. 


This suggestion was readily accepted by Liebig and 
starting with Volume 26 (1838) the Annalen were pub- 
lished under joint editorship of Friedrich Wohler and 
Justus Liebig. As one of his first contributions, 
Wohler, who had quite a sense of humor, sent in an un- 
signed article under the title: ‘‘The solved mystery 
of spirituous fermentation.”! This persiflage of the 
microscopic observations of Cagniard-Latour (1777-— 
1859) and Schwann (1810-82) pleased Liebig so well 
that he added a few more bad jokes (schlechte Spisze) of 
his own and published this combined concoction in 
Volume 29, 100 (1839). Much to Wohler’s surprise the 
sketch was taken seriously by a reviewer in the Phar- 
maceutisches Centralblatt of 1839. 

Wohler also made another, very sensible, suggestion 
to Liebig which is contained in a letter, dated October 
18 (1838), in which he says: 


For the Annalen der Pharmazie you must, in future, introduce 
the title “Annalen der Chemie und Pharmazie.’”’ The present 
title does not at all cover, for instance, our uric acid investigation. 
The publisher will certainly not object and the number of sub- 
scribers will only increase thereby. Bunsen in Cassel does not 
know the Annalen at all, because he figures that they deal only 
with pharmacy. 


This suggestion was acted upon with Volume 33 
(1840), and the new title was retained up to the time 
of Liebig’s death in 1873. Volume 33 is particularly 
noteworthy for. another humorous contribution of 
Wohler entitled: “On the substitution law and the 
theory of types” (pp. 308-10), written under the pseu- 
donym of S. C. H. Windler.? Wéhler was quite sur- 
prised to find that Liebig actually published the letter 
as written. In a letter to Liebig, dated Osnabriick, 
March 29 (1840), he stated that the letter was really 
meant for the amusement of Berzelius. If he had 
known that it was to be published he would have signed 
the letter (which was written in French) Professor 
Ch. Arlatan. 


1 For a literal translation of the original see J. Coem. Epuc. 10, 
543 (1933). 

? For a literal translation of the original see J. Cem. Epvc. 7, 
635 (1930). 


The same volume (33) contains a long article by 
Liebig (pp. 97-136) on ‘‘ Chemistry in Prussia,” in which 
he makes the bold statement: ‘There are no chemical 
laboratories in Prussia.” For readers of today, it 
should be recalled, in this connection, that Géttingen 
where Wohler taught for over forty years, is located in 
Hanover which was an independent kingdom uniil 
1866, when it was annexed by Prussia. 

Beginning with the final volume of 1839 Liebig in- 
cluded in the Annalen a progress report on the ad- 
vances in chemistry of that year (Jahresbericht iiber 
die Fortschritte der Chemie in 1839). This first re- 
port was prepared by his colleague Buff. In succeeding 
years various authors, including Will and Kopp, co- 
operated in this work. The practice was discontinued 
in 1855 in order to save space for original contributions. 

In 1842, beginning with Volume 41, the names of 
Dumas and Graham were omitted from the title page. 
The custom of printing articles by French authors in 
translation, frequently as abstracts, continued till the 
end of Liebig’s editorship. Liebig who had been a 
pupil of Gay Lussac (who later sent his own son Jules 
to Giessen to study with Liebig) knew all the leading 
French chemists personally and was anxious to bring 
their work to the attention of his countrymen. He was 
so well known in France that on one occasion during his 
last visit to Paris, as an official delegate of Bavaria to 
the Paris World’s Fair of 1867, he was the only dinner 
guest of the emperor and was interrogated in German 
for over an hour on such subjects as meat extracts, 
agriculture, and sewage disposal. 

With Liebig’s death in 1873, following the war of 
1870-71 and the annexation of Alsace-Lorraine by 
Germany, many changes in the editorial policies of the 
Annalen were in evidence. In 1851, a year before he 
left Giessen, Liebig had invited his colleague Hermann 
Kopp (1817-92), the well-known historian of chemistry, 
who had helped him with the yearly progress reports for 
several years, to take over the management of the 
Annalen. Kopp’s name as editor appeared for the 
first time on the title page of Volume 77 and was kept 
there until Volume 269 (in 1892). 

Volume 170, the first one issued after Liebig’s death, 
mentions Emil Erlenmeyer (1825-1909) and Jacob 
Volhard (1834-1910) as junior editors. The title was 
changed to Justus Liebig’s Annalen der Chemie und 
Pharmazie. Two new editors, August Wilhelm Hof- 
mann (1818-92) and Friedrich August Kekulé (1829- 
96), were added to the editorial board in 1874. Begin- 
ning with Volume 173, the journal became Justus 
Liebig’s Annalen der Chemie, under which title it is 
still known today. 

Volhard, who had obtained his Ph.D. in Marburg, had 
been Liebig’s assistant for a while in Munich, had moved 
from there to London, then back to Marburg and 
finally back to Munich in 1863, where he died in 1910. 
He and Erlenmeyer, who was a pupil of Liebig and from 
1868 to his retirement in 1880 professor of organic 
chemistry at the Technische Hochschule in Munich, 
took over the office work connected with the Annalen 
in 1871 at Liebig’s request. From 1878 on, it was Vol- 
hard alone who was in charge of the Annalen with the 
other editors acting as editorial advisers and contribu- 
tors. It was Volhard’s policy to take only finished re- 


JOURNAL OF CHEMICAL EDUCATION 


cow 
V 
witl 
Hof 
In | 
tors 
of | 
gan 
Wa 
hot 
whi 
hac 
Bo 
con 
Me 
199 
Th 
me 
pre 
lies 
W: 
acc 
tur 
sin 
me 
wh 
the 
igr 
fro 
19 


ment 
year' 
| addi 
(e.8- 
| 
| 
Gert 
cept 
theit 
| schu 
Bor 
were 
casi 
(wh 
| 
fron 
Hel 
| 
: 
of 
: 
A) 
z 
vc 


in which 
chemical 
today, it 
6ttingen 
located in 
lom_ until 


Liebig in- 
1 the ad- 
icht tiber 
3 first re- 
ucceeding 
Copp, co- 
-ontinued 
ributions. 
names of 
itle page. 
uthors in 
d till the 
been a 
son Jules 
e leading 
to bring 

He was 
uring his 
avaria to 
y dinner 
German 
extracts, 


> war of 
aine by 
es of the 
efore he 
lermann 
emistry, 
ports for 
; Of the 
for the 
vas kept 


s death, 
1 Jacob 
itle was 
nie und 
m Hof- 
Begin- 
Justus 
le it is 


irg, had 
| moved 
rg and 
n 1910. 
1d from 
organic 
[unich, 
innalen 
as Vol- 
ith the 
ntribu- 
hed re- 


SATION 


rticle by 


search papers from the whole field of chemistry and to 
exclude articles of a polemical nature. The develop- 
ment of science and industry in Germany in the forty 
years following Liebig’s death, was astonishing. In 
addition to Géttingen and Heidelberg a number of 
prominent centers of chemical research had developed 
(e.g., in Munich under the leadership cf Baeyer). A 
great many foreigners were trained who, in later years, 
sent their contributions from their home countries to 
the Annalen. 

Volhard insisted on good, grammatically correct 
German and spent much of his time correcting manu- 
scripts. Only original contributions, that had not ap- 
peared in print elsewhere, were taken. Occasional ex- 
ceptions were made for articles previously published 
in Russia or Italy. Among the Russians who published 
their work in the Annalen we find Mendeléeff, Men- 
schutkin, Butlerow, Zinin, Beilstein, Markownikov, 
Borodin, and Sabanéeff. Noted English contributors 
were Stenhouse, Thorpe, Crum Brown, and Roscoe. 
Americans who published their work regularly in the 
Annalen were Nef, Freer, Gomberg, and Mallet. Oc- 
casional contributions were also sent from Geneva 
(where Graebe taught from 1878 to 1906), Basel and 
Zirich in Switzerland, from Pisa and Florence in Italy, 
from Delft in Holland, from Graz in Austria, from 
Helsingfors (now Helsinki) in Finland, and from other 
countries in western Europe. 

Wohler’s name disappeared from the list of editors 
with Volume 215 (1882) and the names of Kopp and 
Hofmann, who both died in 1892, with Volume 270. 
In 1896 Kekulé died and his place on the board of edi- 
tors was filled by Rudolf Fittig (1835-1910), a pupil 
of Woéhler. The next year (Vol. 297) two famous or- 
ganic chemists joined the board of editors, viz., Otto 
Wallach (1847-1931) and Adolf Baeyer (1835-1917), 
both regular contributors to the Annalen. Wallach, 
who had obtained his Ph.D. under Wohler in 1869, 
had started his life work on terpenes and camphors in 
Bonn in 1884 when he was an assistant of Kekulé and 
continued in Géttingen where he succeeded Victor 
Meyer in 1889. He went on with his research until 
1924 when his 129th paper appeared in the Annalen. 
The writer, who attended Wallach’s lectures on ele- 
mentary organic chemistry in the spring of 1909, was 
present when his advanced students celebrated the pub- 
lication of Wallach’s 100th paper on ethereal oils. 
Wallach was not only a great chemist, he was also an 
accomplished lecturer who always illustrated his lec- 
tures, without the aid of a single assistant, with a few 
simple but well-chosen experiments. The writer re- 
members vividly the roaring applause that followed 
when Wallach separated the alcohol in beer by boiling 
the beer in a flask provided with a meter-long tube and 
igniting the alcohol with a burning match as it issued 
from the tube. Wallach received the Nobel prize in 
1910, five years after it had been awarded to Baeyer. 

In 1903, on the occasion of the centenary of the birth 
of Liebig, Volhard added a forty-page commemorative 
article with a picture of Liebig to Volume 328 of the 
Annalen. In 1907, Emil Fischer who had received the 
second Nobel prize in chemistry, joined the board of 
editors. Volhard, who died in 1910, was succeeded by 
Johannes Thiele (1855-1918) as managing editor. In 
1909 Erlenmeyer died and in the next year Fittig. 
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Their places on the board of editors were filled in 1911, 
beginning with Volume 379, by Carl Graebe (1841- 
1927) and Theodor Zincke (1843-1928), both frequent 
contributors to the Annalen. Graebe, best known for 
the synthesis of alizarin which he carried out in co- 
operation with Liebermann, had just retired from his 
professorship at Geneva. Zincke, the son of a druggist 
and a former pupil of Wéhler, had done his best work 
in organic chemistry at Marburg where he had been 
professor since 1875. Although close to retirement in 
19i1, he continued his publications in the Annalen 
until he was well over eighty, with more than 300 
articles in the Annalen and the Berichte to his credit. 

The first world war (1914-18), had a pronounced ef- 
fect on the publication of scientific papers. From a 
high-water mark of 9 volumes in 1912, the number 
went down to 7 in 1913, 5 in 1914, 4 in 1915, and to only 
1 in 1916. In the next ten years the numbers were 2, 
4,2,2,4,4,6,5,5,and9. Due to the paper shortage in 
the postwar years, a poor grade of paper had to be used 
in several volumes. Baeyer died in 1917 and Thiele 
the next year. Their places were filled by Richard 
Willstatter (1872-1942) and Wilhelm Wislicenus (1861-— 
1922). The latter, at that time professor in Tiibingen, 
took over the duties of managing editor in the fall of 
1918. 

On the death of Emil Fischer in 1919 no one took his 
place on the editorial staff. In 1922 Wislicenus died, 
whereupon his place was filled by Heinrich Wieland 
(1877— ), a pupil of Thiele and successor of Willstatter 
at the university of Munich on the latter’s retirement 
in 1925. Graebe and Zincke passed away in 1927 and 
1928 and were replaced by Adolf Windaus (1876— ), 
Wallach’s successor in Géttingen since 1915, and Hans 
Fischer (1881-1945), Wieland’s successor at the Tech- 
nische Hochschule in Munich since 1921. Windaus, 
Wieland, and Fischer all received the Nobel prize for 
chemistry in 1928, 1927, and 1930, respectively, and 
formed with Willstatter, the 1915 Nobel prize winner, 
and Wallach the most distinguished group of editors 
that ever presided over the destinies of a scientific 
journal. Of these five men, Wallach died in 1931 and 
Willstitter went to Switzerland in 1938 so that at the 
outbreak of the second world war only Wieland, Win- 
daus, and Fischer were left on the editorial board. 

During the period from 1923 to 1939 the main burden 
of editing the Annalen fell on Wieland. He succeeded 
in maintaining the high standing of the journal in the 
field of organic chemistry which occupied probably 
more than 90% of the contents of the Annalen. Only 
a few inorganic papers occasionally appeared. Con- 
tributions from neutral and from former enemy coun- 
tries and also from the successor states of the dual 
monarchy of Austria-Hungary found their way into the 
Annalen. 

At the outbreak of the second world war (1939-45) 
Wieland took complete charge of the Annalen and con- 
tinued to publish articles emanating from countries un- 
der German domination. One short paper in Volume 
556 (1944) was sent in by an Asiatic chemist from the 
Ecole Polytechnique in Paris (!). Very few copies of 
the Annalen reached America during the war years. 
For the benefit of American libraries and research work- 
ers the office of the Alien Property Custodian authorized 
Edwards Brothers in Ann Arbor, Michigan, to make 
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photostatic reproductions of these war issues and to dis- 
tribute them in this country. The number of volumes 
published in the war years dropped to one (No. 556) in 
1944. The next year only number one of Volume 557, 
published in Berlin, appeared; the second and third 
number did not get published until May 1 and May 
15 of 1947 and were printed on poor, yellow, postwar 
paper. From then on the Annalen were published in 
Weinheim (north of Heidelberg) in issues of 3500 copies 
at first, under the editorship of Windaus, Wieland, 
and Richard Kuhn (1900- ) who had won the Nobel 
prize in 1938. 

Thanks to the financial and technical help extended 
to the countries of western Europe by the United 
States, rapid progress has been made in the field of 
chemistry, and at present the Annalen are back at their 
prewar average of five to six volumes a year, the latest 


volume published being 595. The contents of the 
Annalen are now exclusively organic. Due to the re- 
vival of nationalism throughout the world, a number of 
new chemical periodicals have appeared, and so far no 
communications by non-Germans have been pub- 
lished in the Annalen since 1945. Of the four men who 
edited the Annalen prior to the war, Willstatter went in 
exile in 1938 and died in Switzerland in 1942; Hans 
Fischer, like Goebbels, Géhring, and Hitler, committed 
suicide when the Third Reich collapsed; Windaus and 
Wieland are no longer active because of age and sick- 
ness. The equivocal role of the present managing 
editor, Kuhn, in the war years has been well told by Dr. 
Goudsmit of Brookhaven Laboratories in his report on 
the work of the Alsos mission in 1944 and 1945.* 


3 GoupsaiT, S. A., “‘Alsos,”’ Henry Schuman, Inc., New York, 
1947, pp. 80-83. 


A PERIODIC TABLE 


Tus nore recommends a presentation of the periodic 
table designed to show as directly as possible how the 
place of an element in the table is related to the elec- 
tronic structure of the atom.! The basis of this pres- 
entation is the connection between the energy of an 
atomic electron and its orbital quantum numbers. 

In a coulomb field, for example in the hydrogen atom, 
the energy of an electron depends only on its principal 
quantum n(=1, 2, 3, . . .) and not on the second or 
third quantum numbers /, m. In a many-electron 
atom, however, the effective field on an electron is no 
longer coulombic, owing to the screening of the outer 
electrons by the inner shells. This screening effect in- 


* Eprror’s Nore: We trust that our readers expect no apology 
for the appearance of another periodic table. The pages of THIS 
JOURNAL have described and will continue to describe many. To 
preface each new exposition with a critical review of others which 
have preceded would, we feel, be an unwise and unnecessary use 
of our space. We feel confident that regular readers of our pages 
will understand, therefore, why no reference has been made to 
previously printed discussions which adopt similar but not identi- 
cal points of view. In this connection the reader may be inter- 
ested in referring to THIs JOURNAL 33, 69 (1956); 25, 658 and 662 
(1948); and 16, 394 (1939). 


The “Aufbauprinzip” as a Basis for 


Classification of the Elements 


H. C. LONGUET-HIGGINS 
Cambridge University, Cambridge, England 


creases with the second quantum number |, with a re- 
sult that for a given value of n an s electron (J = 0) has 
the lowest energy and p electrons (/ = 1), d electrons 
(1 = 2) and f electrons (1 = 3) have progressively 
higher energies: For a given value of / there are 2] + | 
possible values of m, all with the same energy, so an s 
subshell can house 1 electron pair, a p subshell 3 elec- 
tron pairs, a d subshell 5 electron pairs, and an f subshell 
7 electron pairs. 

In speaking thus of many-electron atoms we are 
supposing that in the atom each electron may be as- 
signed a definite set of quantum numbers. This is not 
strictly true, because the motion of each electron is 
disturbed by the repulsion of the others. However, the 
electrons are to a considerable extent independent of 
one another, and this makes it possible to regard the 
atom as built up by the progressive filling of successive 
subshells. This is the famous ‘“Aufbauprinzip” of 
Bohr, and is the basic principle of valency theory. 

The order in which the various subshells are filled as 
atomic number increases is roughly determined by the 
following familiar rules: (/) np electrons have a higher 
energy than ns, but substantially lower than (n + 1)s, 
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(2) nd electrons have about the same energy as (n + 1)s, 
but slightly higher in the neutral atom, (3) nf electrons 
have about the same energy as (n + 1)d. The slight 
vagueness in these generalizations is necessitated by 
the fact that the energy of a subhsell depends on the 
chemical state of the atom, particularly on the charge. 
For example Zn*++ has 10 3d electrons and no 4s 
electrons, whereas the Ni atom has 2 4s electrons and 
8 3d electrons. 

With the aid of these rules we can build up the 
periodic table in a straightforward manner as far as Ba, 
which has 2 6s electrons outside a Xe core. Up to this 
point, with one or two trivial exceptions, e.g., the Cr 
atom in its ground state has one 4s and 5 3d electrons, 
every atom possesses not more than one incomplete 
subshell. The next atom, La, has a 5d electron, but in 
the following atoms the 4f/ shell fills up, and not until 
we reach Hf does the 5d shell accept any more electrons. 
This discontinuity is indicated by a step in the 5d block. 
After Ac the same thing happens again: the 5f shell of 
the free atom begins to fill up as soon as the 6d shell con- 
tains one electron. This is indicated by another step, 
this time in the 6d block. 

There is an additional complication in the heaviest 
elements, namely that the compounds of these elements 
behave as though the atoms had the following electronic 
configurations :? 


Ac Th Pa U Np Pu Am Cm 
Number of 6d 
electrons 1 2 3 4 4 4 4 1 
Number of 5f 
electrons 0 0 0 0 1 2 3 7 


2 CorYELL, C. D., J. Cuem. Epuc., 26, 62 (1952). 


7p 


Chemically, that is to say, Th, Pa and U resemble Hf, 
Ta and W rather than Ce, Pr, and Nd; and Np, Pu and 
Am are more similar to U than to Pm, Sm and Eu. 
Cm, on the other hand, resembles Gd in its oxidation 
states, and the later elements probably also have close 
similarities to the rare earths lying below them in 
the table. It would be possible to indicate these 
facts by appropriate tie-lines, but this would compli- 
cate the diagram. It seems better to keep the dia- 
gram as simple as possible, and to draw special atten- 
tion to the chemical characteristics of the (6d, 5f) series 
of elements. 

Apart from these exceptions, every atom behaves 
chemically as though it possessed at least as many elec- 
trons of a given type as the preceding atom. It is this 
fact which makes possible the construction of the table, 
in which atomic number increases steadily as we read 
from left to right and upwards. The main advantage 
of such a table over more compact tables is that the 
chemical properties of the elements are shown to depend 
no less upon the nature of the valency electrons than 
upon their number. 

The slight resemblances between the so-called “‘A and 
B subgroups,” which are, in any case, restricted to the 
highest or lowest valencies, have not been indicated ex- 
plicitly in the table for fear of masking the much more 
important differences between A and B type elements 
such as Cr and 8. Attempts to force the d elements 
into line with the s and p elements have in the past only 
obscured the true pattern of the periodic table, and it 
seems undesirable any longer to perpetuate a scheme in 
which first the rare earths and then the transuranic 
elements have had to be relegated to footnotes at the 
bottom of the table. 
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THE FABLE OF THE ATOMIC THEATER 


Caractysmic events were occurring in the atomic 
world as a result of man’s scientific investigations. It 
had been only a few years earlier that the electronic 
structure of the atom had been mastered by man, who 
was now advancing into the domain of the nucleus. 
The tension ran high as the electrons gathered in their 
atomic theaters to view man’s latest efforts to com- 
prehend the nucleus. Would he succeed again, and if 
so, to what use would he put his new knowledge? 

It might be well to say a few words about the seating 
plan of the theater in which the electrons assemble. 
This plan is represented in the figure. The seats, which 
are numbered, are arranged in blocks which form a 
short first row or period and then six successive wedge- 
shaped periods (rows). 

The theater is partitioned into a grid work of shells 
and subshells which are designated by K, L, M, N, O, 
P, Q, or 1, 2, 3, 4, 5, 6, 7, and s, p, d, f, respectively. 
A block of seats can be located by specifying any two 
of the three quantities—shell, subshell, and period—and 
also whether it is on the right or left side of the theater. 
Thus a given block could be designated 4d (N or fourth 
shell, dth subshell). 

The seats on the right side of the theater are odd 
numbered while those on the left are even. The 
sequence of numbering is straightforward with two 
exceptions. The numbers increase with increasing 
period and from the outside of a period toward the 


MILTON KERKER 
Clarkson College of Technology, Potsdam, 
New York 


center except for the s subshell of each period. Jn 
every case seats in this centrally located subshell are 
the lowest in their respective periods. The second 
exception involves seats 57 and 89 in the 5d and éd 
blocks. These seats do not follow the regular pattern 
of increase from outside to center that is found in the 
rest of the theater. 

The numbers determine the order in which the elec- 
trons fill the seats when they enter the theater to 
observe an atomic drama. The electrons of each ele- 
ment line up in single file outside the theater, and as the 
name of an element is called over the loud speaker sys- 
tem, its electrons file in, filling the seats in the desig- 
nated order. Thus, when hydrogen is paged, one elec- 
tron marches to seat number 1. The theater is then 
cleared before electrons of the next element areadmitted. 

Despite careful planning there is sometimes a mixup. 
On occasion, an electron which might be expected in 
one of the rear seats of subshell s is found in thed sub- 
shell of the same period such as occurs for chromium, 
copper, and several other elements. 

The regularity with which the electrons take their 
places has enabled man to work out his theories of 
electronic structure and the periodic table, for these 
reflect the seating plan of the atomic theater. Thus 
the periods of the theater correspond to the periods of 
the periodic table and the analogues of the shells and 
subshells are found in the theory of electronic structure. 


Elements whose last electron is seated in } 


the s subshell comprise the alkali and alka- 
line earth families. The main group ele- 
ments are those whose last electron occupies 


ap subshell. The last electron of a halogen 
occupies the column of odd-numbered seats 
in the p subshell just across the aisle from 


the alkali metals while that of an inert gas 
occupies the column across from the alkaline 
earth metals. The transition metals are 


those whose last electron occupies a seat in 
the d subshells. Elements whose last elec- 
tron is in a seat in the f subshell are members 
of the rare earth and actinide families. 


There are now sufficient seats in the 
theater to accommodate elements with 
atomic numbers as high as 118, and should 


the need arise the theater could easily be ex- 
panded by adding additional periods. For 
example, two additional periods could be 
added, including g subshells, which would 


accommodate 50 electrons each. 
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COMPACT KIT FOR BETA PARTICLE 
SCATTERING EXPERIMENTS 


ROBERT C. McILHENNY and 
GEORGE K. SCHWEITZER 


The University of Tennessee, 
Knoxville, Tennessee 


Mosr laboratory instruction in radiochemistry and 
other radioactive technique courses has as one of its 
aims an experimental demonstration of the scattering of 
beta particles.' Many of the previously used methods 
have been cumbersome and time consuming. This 
article describes a kit designed to make experimental 
manipulation easier and to shorten the time required 
for student laboratory experiments in the scattering of 
beta particles. 

The kit provides for the carrying out of a three-part 
experiment which requires about 90 to 120 minutes of 
laboratory time: (1) the variation of the sample 
count rate with thickness of a given reflecting (or back- 
scattering) material; (2) the increase of the sample 
count rate with increasing atomic number of saturation 
back reflectors; (3) the effect of increasing the atomic 
number of a side scatterer upon the sample count rate.” 

Figure 1 is a photograph of the complete kit. The 
wooden rack contains the reflector holder (on the left) 
with a protective metal cap over the radioactive source, 
nine back reflectors (at the back), and three side re- 
flectors (on the right). 

Construction details of the Lucite reflector holder are 


Beta-Scattering Kit 


Figure 1. 


shown in Figure 2. This particular piece of equipment 
was built with dimensions to fit into a Tracerlab SC-10 
Sample Holder and thus the over-all measurements of 
the fixed (upper) shelf are 2°/1¢ by 2'/, in. The sup- 
porting flange on each side is !/, in. thick and 1/3 in. 
wide; these flanges slide into the slots of the Sample 
Holder. A depression 1 in. in diameter was machined 
in the center of the fixed shelf, and then a hole '/: in. 
in diameter was drilled in the center of this. Under- 


Breuter, E., anp G. J. Goxpsmiru, “Experimental 
Nucleonics,’”’ Rinehart and Company, Inc., New York, 1952, pp. 
80-94; Cook, G. B., ano J. F. Duncan, ‘‘Modern Radiochemical 
Practice,” Oxford University Press, London, 1952, p. 306. 

* Burtt, B. P., Nucleonics, 5, 28 (1949); GLENDENIN, L. E., 
AND A. K. Sotomon, Science, 112, 623 (1950); Se.icrer, H. H., 
Phys. Rev., 88, 408 (1952); Yarre, L., ano K. M. Justus, J. 
Chem. Soc., 1949, Supplement 2, 341. 
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Figure 2. Construction Details of Lucite Reflector Holder 


neath a very thin (1.5 mg./cm.*) aluminum foil bearing 
a point source of strontium-yttrium-90 was glued such 
that the source was centered. Finally, the hinge block 
was attached underneath at the rear of the fixed shelf. 
Both the hinge block and the movable (lower) shelf were 
15/16 in. wide, this being the free width of the Tracerlal 
Sample Holder. A hole ‘7s in. in diameter was drilled 
through the center of the movable shelf, and then a 
depression 1'/j, in. in diameter was cut concentrically. 
This depression was then undercut !/j¢ in. all around. 
Into this depression was placed a circular leaf spring 
made of copper. The back of the movable shelf was cut 
out and drilled to accommodate the hinge block of the 
fixed shelf and the hinge pin which connected the two 
shelves. On the front of the movable shelf a handle 
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Figure 4. Growth of Sample Count with Increasing Effective 
Atomic Number of Saturation Side Reflector 


was affixed, as well as a spring clip. This clip can be 
seen in Figure 1. In the closed position, the distance 
between the fixed and movable shelves is !/, in. 

Six of the nine back reflectors are aluminum with 
surface densities of 4.8, 10.3, 34.3. 110, 220, and 350 
mg./cm.*. Additional ones of copper, tin, and lead, 
have surface densities greater than 350 mg./cm.2._ Each 
of the reflectors consists of a circular piece of metal 
foil 11/, in. in diameter mounted on a Lucite ring 11/4 in. 
in outside diameter and 1 in. in inside diameter. Each 


Lucite ring was flanged at the bottom to give it an out- 


side diameter of 1!/,¢ in. so that it would fit snugly into 
the depression in the movable shelf. The total height 
of each reflector and ring was adjusted so that the 
reflector fits tightly against the aluminum foil bearing 
the radioactivity when the apparatus is snapped shut. 

The cylindrical side reflectors were machined to ai 
inside diameter of 7/s in., were 2 in. long, and were made 
of Lucite, brass and lead. The wall thickness of each 
was at least 350 mg./cm.”. A flange at the bottom of 
the side reflectors allows them to be fitted into the 
depression provided for them in the upper surface of the 
shelf. 

A strontium-yttrium-90 beta source was chosen be- 
cause of the long half-life of the parent strontium-0 
(25 years) and the absence of any gamma rays. In 
addition both beta particles are of sufficient energy to 
pass the window of most available beta-sensitive Geiger 
tubes and to be scattered with a good efficiency. 

Figure 3 shows curves obtained using the back 
scatterers. The percentage increase in count rate is 
plotted against the reflector surface density or atomic 
number. Figure 4 is a curve obtained with the side 
scatterers. The percentage increase in count rate is 
plotted against the effective atomic number. 

A useful modification of the kit might be to make 
provision for the use of sources with different maximum 
beta energies, so as to demonstrate the effects of this 
variable. 
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CHAIRMAN Norris W. RakEsTRAW is at 

present Professor of Chemistry at the 

Scripps Institution of Oceanography of 

the University of California. Brown, © 

Oberlin, and Stanford have had the good ~ 

fortune to have him on their faculty. His — 

recent clean sweep of the top awards “‘for 

outstanding service to teachers of chemis- 

try” (the SAMA and the Norris Awards) 

has been cheered enthusiastically by 

chemists everywhere. His fifteen-year 

term as Editor of TH1s JouRNAL brought 

it through difficult times to its present unique position in the 
world’s chemical literature. He previously served the Division 
as secretary from 1932 to 1939. 


SecRETARY JOHN F. Baxter is in charge 
of the General Chemistry Division at the 
University of Florida. During the past 
two summers he has become well known 
to hundreds attending summer institutes. 
As chairman of the Division’s committee 
on conferences and institutes he has not 
been content to rest on a planning job 
well done but has traveled to sessions all 
over the country with his friendly grin, 
corncob pipe, and keen appreciation of 
what teachers want. He has taught in an 
Ohio high school, Gettysburg College, and 
Washington and Lee University. His research in inorganic 
chemistry has taken him as a Research Participant tot he Oak 
Ridge National Laboratory. 
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Vic—E CHAIRMAN Harry H. SIsLeR re- 

cently was chosen to head the Department 

of Chemistry at the University of Florida. 

He has been known as a Midwesterner 

(Ohio State and Kansas) since 1939. 

Along with scores of papers reporting his 

inorganic chemical research, he has found 

time to write widely used texts for college 

general chemistry. He has been active 

in Division activities, notably as chair- 

man of its program committee. Readers 

of THIS JOURNAL have benefited from his 

work as a member of the Editorial Board. 

Planners of summer institutes have counted heavily on him to 
share his huge knowledge of both the ‘“‘what™ and the “how” of 
teaching chemistry. 


TREASURER WILLIAM F. Enret is Profes- 
sor of Chemistry at New York University. 
He also has held visiting professorships as 
far away as Hawaii and Edinburgh and 
as close to home as Columbia. The 
present generation of teachers and stu- 
dents know the famous Alexander Smith's 
“College Chemistry” as the sixth edition 
masterfully revised by Ehret. He hus 
served the Division as treasurer for two 
years. During this time its growth and 
the expanding sphere of its activities have 
added tremendously to the complexity of his 
task. The financial soundness and up-to-the-minute accuracy of 
the Division’s business records are evidence of his ability and 
willingness to do big jobs well. 
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JOURNALS MOST CITED BY CHEMISTS AND 
CHEMICAL ENGINEERS 


RICHARD L. BARRETT and MILDRED A. 
BARRETT 


New Mexico College of Agriculture and Mechanic 
Arts, State College, New Mexico 


il bearing 
2d shut. 
ned to an 
vere made 
3s of each 
0ttom of 
into the 
ace of the 
hosen be- J. years past several statistical studies of the fre- 
ntium-90 quency of citations to various chemical journals have 
rays. Inf ieen made. These studies have served as a guide to the 
"nergy (0M publications most useful to the research worker and the 
ve Geiger @ student. In libraries, they have been an aid in journal 
y- selection and instructors have used them to appraise 
the back the value of foreign languages to the worker in chemistry 
t rate is f# and allied fields. Among the most interesting of the 
r atomic H earlier studies are one by Patterson! dealing with cita- 
the side tions in Industrial and Engineering Chemistry for 1939, 
t rate isMJ and one by Sheppard? covering the Journal of the 
American Chemical Society for 1933. 
to make Other recent studies in this field include two papers 
1aximum }y Boig and Howerton® which survey chemical periodi- 
8 of this als in the fields of analytical and organic chemistry, 


and one by Fussler‘ covering research literature in both 
physics and chemistry. 

The purpose of this paper is to present up-to-date 
material to indicate some of the changes that have taken 
place during and since World War II. For purposes of 
comparison, the work of Patterson and Sheppard is re- 
presented in abbreviated form in Tables 1 and 2. The 
results of our own study are presented as Tables 3 and 4. 
The reader can draw several obvious conclusions. About 
half of all the citations in Tables 3 and 4 are to papers 
published in the 1950’s. This, in part, reflects the 
present highly vigorous state of chemical investigation 
and its rapid expansion in recent years. Another strik- 
ing fact is that in the Journal of the American Chemical 
Society, 39.5% of the citations are to previous work 
published in the journal itself. In Industrial and Engi- 
neering Chemistry, the percentage of self citations is 
21.3. To some extent this may result from the fact that 
writers who habitually publish in a particular journal 
ttnd to cite their own work. However, it seems to re- 
fleet to a greater extent the dominance of these journals 
in their respective fields. More than 38% of the cita- 
tions in Industrial and Engineering Chemistry are to 
various American Chemical Society publications. In 
the Journal of the American Chemical Society more than 
45% of the citations are to Society publications. 


2 him to 
‘how”’ of 


Adem Perhaps the most significant change in chemical litera- 
ships as ture during the last twenty years or so is the relative de- 
rgh and cline in the positions of Germany and the German 
“ 4 oad language. In 1955 oniy 7.3% of the citations in Jndus- 
‘Smith's trial and Engineering Chemistry and 13.3% of the cita- 
edition tions in the Journal of the American Chemical Society 
He has 

for two 

vth and 

ies have ' Parrerson, A. M., J. Cuem. Epuc., 22, 514 (1945). 

ity of his ? SHepparp, O. E., J. Cuem. Epvuc., 12, 472 (1935). 

uracy of ’ Bore, F. S., anp P. W. Howerron, Science, 115, 25 (1952); 
ity and Science 115, 555 (1952). 


‘ Fusster, H. H., Lib. Q. 19, 19-35, Jan., 119-43, April (1949). 


>ATION VOLUME 34, NO. 1, JANUARY, 1957 


TABLE 1 


Journal Citations in Jndustrial and Engineering Chemistry 
for 1939, Adapted from Patterson’ 


1. Ind. Eng. Chem. 581 
2. J. Am. Chem. Soc. 176 
3. J. Soc. Chem. Ind. (Chemistry and 

Industry ) 81 

4. Ber. 72 

5. J. Chem. Soc. 63 

6. Anal. Ed., Ind. Eng. Chem. 61 

7. Rubber Chem. Tech. 49 

8. J. Phys. Chem. 48 

9. Trans. Am. Inst. Chem. Engrs. 45 

10. Chem. and Met. Eng. 43 

11. U.S. Bur. Mines Pub. 37 

12. Colloid Z. 34 

13. Ann. 33 

14. Sewage Works J. 32 

15. J. Soe. Chem. Ind. Japan 29 

16. Fuel 27 

17. J. Biol. Chem. 26 

18. Proc. Roy. Soc. London 26 

19. J. Am. Waterworks Assoc. 25 

20. India Rubber J. 24 

21. J. Res. Natl. Bur. Standards 24 

22. Proc. Am. Soc. Testing Materials 23 

23. Compt. rend. 22 

24. Z. physik. Chem. 22 

25. Elec. Eng. 20 

26. Phys. Rev. 20 

27. Ree. trav. chim. 19 

28. Bull. soc. chim. 16 

29. J. Chem. Phys. 16 

483 others 1452 

Total 3159 

Periodi- 
Country cals Citations 
1. United States 237 1919 60.8% 
2. Germany 7 443 14.0% 
3. Great Britain 71 443 14.0% 
4. France 24 94 3.0% 
5. Russia 24 71 2.3% 
6. Japan 14 52 1.7% 
7. Netherlands 7 29 0.9% 
8. Italy 11 19 0.6% 
9. Canada 4 17 0.5% 
10. India 6 13 0.4% 
Others 59 


originate from Germany. Sheppard’s figures for 1935 
are not strictly comparable since they are based on 
language rather than country but the change is none the 
less striking. That this change is not entirely due to an 
alleged tendency of American writers to overlook foreign 
literature is indicated by the figures in Table 5 which 
show the origin of the abstracts in Chemical Abstracts 
during the last twenty years. It would appear from 
these figures that American writers do indeed pass over 
much of the foreign literature, but that Russia, France, 
Italy, and Japan, rather than Germany and Great 
Britain, are the countries most slighted. Today, as in 
1935, American scientists still need German, but a wider 
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TABLE 2 


Journal Citations in the Journal of the American Chemi- 
cal Society for 1933. Adapted from Sheppard’ 


. J. Am. Chem. Soc. 
Eber. 
. J. Chem. Soc. 


. Ann. 
. Z. physik. Chem. 
3. J. Phys. Chem. 
. Phys. Rev. 
. Ind. Eng. Chem. 
. Z. anorg. allgem. Chem, 
. Compt. rend. 
1. Ree. trav. chim. 
. Proc. Roy. Soc. London 
. J. Biol. Chem. 
. J. prakt. Chem. 
. Trans. Faraday Soc. 
. Bull. soc. chim. 
. Helv. Chim. Acta 
. Monatsch. 
. Chem. Rev. 
. Am. Chem. J. 
. Z. Physik 
. Gazz. chim. ital. 
. Z. Elektrochem. 
. Physik. Z. 
. Phil. Mag. 
. J. Russ. Phys. Chem. Soc. 
. Nature 
. Ann. Physik 
. Z. Physiol. Chem. 
30. Chem. Zentr. 
334 others 


Total 


By languages: 
English 
German 
French 
Italian 
Russian 
Spanish 
Japanese 
Multilingual 
Mise. 


knowledge of Russian, Japanese, Italian, and other 
languages is needed as well. 

It is our hope that Tables 3 and 4 will be useful to 
librarians as a guide to the journals most likely to be 
used by their readers. Obviously these lists cannot 
serve as the sole criterion for journal selection in chem- 
istry. Nevertheless, when allowance is made for local 
situations, the tables, along with those of Boig and 
Howerton, should be helpful. When duplications of 
titles in the two tables are taken into account it would 
appear that a comparatively small list of journals 
would provide the references most likely to be re- 
quested. Furthermore, it would appear that the older 
literature is used with relative infrequency and the 
utility of completing back files might in some cases be 
questioned. However, the references in the less fre- 
quently cited journals may be of primary importance to 
the researcher. 

The difficulty of providing superior coverage of the 
journal literature is apparent from Table 3. If we as- 
sume, for purposes of illustration, that we need only the 
journals cited in the Journal of the American Chemical 
Society, we could obtain 25% of all the references from 
the five most recent volumes of the Journal itself. How- 
ever, to obtain 50% of the references we would need 
about 70 annual volumes of assorted journals, while to 
improve the coverage to 75% would require more than 
500 volumes of some 20 odd titles. As coverage ap- 
proaches completeness, cost and library shelf space in- 
crease at a fantastic rate. 

Even when allowance is made for duplication of titles 
in Tables 3 and 4 it appears that more than 400 journals 
are cited in the six issues of Industrial and Engineering 
Chemistry and the four issues of the Journal of the Ameri- 
can Chemical Society included in our survey. Many of 
these are cited only once or twice. Chemical Abstracts 


TABLE 3 
Journal Citations in Industrial and Engineering Chemistry, July through December, 1955 (Not Including Review Issue) 


Journal otal 


Ind. Eng. Chem. 
J. Am. Chem. Soc. 
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. J. Res. Natl. Bur. Standards 
. J. Appl. Phys. 
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(Table 3 continued) Dates by di 


ore 
Journal Total 1950’s 1940's 1930’s 1920's 1910's 1900's 1900 
27. India Rubber World 10 8 1 1 
28. Official Digest Federation of Paint and 
Varnish Production Clubs 10 8 2 
29. Phys. Rev. 10 4 4 2 im “a 
30. Trans. Am. Soc. Mech. Engrs. 10 6 3 1 
31. Z. anorg. u. allgem. Chem. 10 1 1 7 1 sad as oii 
241 others 594 284 177 75 24 10 10 14 
Total 1761 818 556 237 81 23 23 23 


Countries 


United States 


Great Britain 46 212 12.0% 
Germany 36 129 7.3% 
France 13 32 1.7% 
Russia 11 19 1.1% 
Canada 9 15 0.9% 
Others 33 59 3.1% 


Total 


TABLE 4 


Journal Citations in the Journal of the American Chemical Society, July 5 and 20, August 5 and 20, 1955 


Dates by decad 


Journal Total 1950's 1940's 1930's 1920's 1910's 


1900's 


Before 
1900 


1. J. Am. Chem. Soc. 1688 1105 370 159 44 8 
2. J. Chem. Soc. 391 158 103 64 23 16 
3. Ber. (incl. Chem. Ber.) 263 20 15 42 32 33 
4. J. Biol. Chem. 178 64 81 26 6 1 
5. Helv. Chim. Acta 132 57 45 24 5 1 
6. Ann. 125 14 17 26 11 8 
7. J. Chem. Phys. 105 62 28 15 rr 
8. J. Org. Chem. 91 52 33 6 
9. Anal. Chem. (incl. Anal. Ed., Ind. Eng 

Chem.) 60 35 16 9 
10. J. Phys. Chem. 54 34 9 8 3 - 
11. Chemistry and Industry 54 50 1 1 2 - 
12. Rec. trav. chim. 47 13 15 § 3 4 
13. Biochem. J. 46. 17 24 5 
14. Nature 44 29 9 5 1 
15. Chem. Rev. 42 22 13 6 1 
16. Compt. rend. ; 42 13 7 7 6 3 
17. Bull. soc. chim. France 41 16 12 3 3 2 
18. Science 36 25 10 1 % zn 
19. Arch. Biochem. Biophys. (incl. Arch. 

Biochem. ) 31 19 11 1 ; 
20. Z. physik. Chem. 30 1 2 10 6 6 
21. Trans. Faraday Soc. 29 12 7 : 
22. Experientia 26 22 4 
23. J. mony Chem. (now J. Makromol. 

chem 26 - 1 6 2 4 
24. J. Chem. 23 21 2 
25. Ind. Eng. Chem. 22 4 10 § 1 

182 others 648 321 151 83 39 16 
Total 4274 
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Great Britain 29 593 14.0% 
Germany 31 560 13.3% 
Switzerland 2 158 4.2% 
France 10 103 2.4% 
Netherlands 5 


Multilingual 


VOLUME 34, NO. 1, JANUARY, 1957 


124 1295 74.0% 
272 1761 
SSS 
SoC 
30 
7 Issue) 4 1 
ee 4 g 
23 
136 134 
5 a 59 2562 60.7% 
ee Italy 5 23 0.5% 
im Japan 9 24 0.5% 
ia Canada 2 24 0.5% 
i India 7 21 0.5% | 
3 Others 26 59 1.3% 
Total 193 4227 
37 


TABLE 5 


Origin of Abstracts by Country in Chemical Abstracts 
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E. J., Chemical and Engineering News, 29, 4250 (1951), Plus 
a Spot Check for 1955 


United States 
British Commonwealth 


abstracts several thousand periodicals. Few indeed are 
the libraries which can supply all the demands of their 
readers from their own resources. The solution to the 
problem would appear to be a collection of the most 
used journals, as extensive as financial resources will 
permit, and dependence on an improved photoprint and 
microfilm service to complete the coverage. 


There seems to be no particular reason why the co!- 
lege, university, and special libraries of the country 
should not organize a cooperative program to supple- 
ment each other’s holdings. This might take the form 
of a central depository of microfilm negatives of rare, 
little used, and foreign publications from which photo- 
prints could be furnished upon request. If every tech- 
nical library in the country contributed microfilm neg:.- 
tives from its holdings and assisted in the financing of 
the project, the cost to each would be moderate. In the 
meantime, the present interlibrary photoprint service 
could be systematized and speeded up. 

It should be possible to call the local library and get a 
photoprint order sent out by air mail the same day. If 
orders were filled the day received and returned air 
mail, it would be possible for the researcher in any part 
of the country to obtain any reference he needs in less 
than a week. A cooperative photoprint service could 
make any library anywhere as complete as all of them 
put together. 


THE USE OF NEPHELOMETRIC MEASUREMENTS 
TO DETERMINE THE PRESENCE OF CHELATES' 


Nerusevomerry, the measurement of the light scat- 
tered by a suspension through an angle of 90 degrees to 
the incident beam, is a valuable tool in analytical 
chemistry and will produce accurate quantitative re- 
sults provided the necessary conditions for the con- 
stant reproduction of the suspensions can be found. 
A typical experiment might involve the estimation of 
the sulfate content of water by the formation of a 
suspension of barium sulfate and a comparison of the 
light scattered from it to that scattered by a prepared 
standard suspension. Such an experiment fails to 
indicate to the student the potentialities of the nephelo- 
metric method. The following experiment has been 
developed not only to teach the art and practice of 
nephelometry but also at the same time to show the 
student an application of Job’s method of continuous 
variations? to the demonstration of the constitution of 
an inorganic chelate compound. 

The formation of a metal chelate may be represented 

1 Based on a paper presented before the Chemistry Section of 


the Alabama Academy of Science, March 30, 1956. 
2 Jos, P., Ann. chim., [10] 9, 113 (1928). 


A Laboratory Experiment for an 


Instrumental Course 


JAMES E. LAND 
Alabama Polytechnic Institute, Auburn, Alabama 


by the simplified equation, M + nKe ~ [MKe,], 
where M stands for the metal ion, Ke the ionic chelat- 
ing ion, and [MKe,] the complex. Because many of 
the chelate complexes of metal ions are quite insoluble 
in water solutions and can be produced as suspensions, 
nephelometry can furnish part of the needed informa- 
tion for determining the stoichiometric relationship of 
the central metal ion to the ligands, e.g., the value of 
n in the above equation. 

A review of Job’s method of continuous variations is 
given before the execution of the experiment. In 
brief it may be summarized by pointing out that when 
different amounts of the metal ion species and the 
chelating ion species are brought together in reaction, 
but with an imposed restriction that the sum of the 
concentrations of the metal ion (Cy) and the chelating 
ion (Cx.) must be in all cases a fixed, constant value 
e.g., Cu + Cxe = Crom, then the total amount of th« 
chelate compound produced not only will depend upor: 
the concentration of the reactant present at the start 
in limiting amount, but also will approach a maximum 
value as the ratio Cyu/Croum approaches the value 
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1/(1 + n). The relative amount of scattered light, 
which in this experiment furnishes the information as 
to the quantity of produced chelate, can be plotted 
versus the Cu/Cioa ratio to produce the typical in- 
verted V-shaped curve. 

The reaction of copper(II) ions and cupferrate ions, 
which produces very rapidly a precipitate of known 
composition, is an excellent example for demonstrating 
the techniques and principles of this experiment. 

The student is instructed to: 


(1) Prepare 500 ml. each of a copper(II) sulfate and cupferron 
solition containing exactly 10-* formula weights of solute per 
ml. of solution, and approximately 10 ml. of a 0.2% by weight 
starch solution. 

{Note: These instructions have been written specifically for 
the use of a Fisher Nefluoro-Photometer. Therefore an instruc- 
tor will have to change those instructions that refer to the opera- 
tion and employment of this instrument to fit his situation. ] 

(2) The Fisher Nefluoro-Photometer, equipped with the in- 
candescent light source and the 525 my filter, is turned on so that 
the electronic circuits may be warming up and stabilizing. 
Carry out items 1 through 8 of the manufacturer’s instructions.* 

(3) Make ready a series of ten 150-ml. beakers, numbered 
consecutively. 

(4) Into each beaker measure 50 ml. of distilled water and add 
three drops of the 0.2% starch solution. 

(5) Prepare a copy of the following table in his notebook: 


M1. of M1. of Ratio Rel. 
Beaker Ml.of Cut* so- cupferron Cu/ __ scattered 
number HO lution solution Crotal light 
1 50 18 2 0.90 
2 50 16 4 0.80 
3 50 14 6 0.70 
4 50 12 8 0.60 
5 50 10 10 0.50 
6 50 8 12 0.40 
| 50 6 14 0.30 
8 50 4 16 0.20 
9 50 2 18 0.10 
10 50 1 19 0.05 


(6) By means of a buret measure accurately into each beaker 
the amount of copper(II) sulfate as indicated in the table. 

(7) Starting with beaker No. 1 and progressing consecutively 
without interruption, except as necessary to refill the buret, meas- 
ure from a buret the amounts of the cupferron solution indicated 
in the table. After adding the latter solution, stir vigorously 
with a glass rod for ten seconds. 

(8) With the beakers lined up in consecutive order on the lab- 
oratory desk, estimate by eye the one containing the most turbid 
solution. Fill a black fritted cell with this suspension, transfer it 
to the Nefluoro-Photometer and follow items 9-16 of the manu- 
facturer’s instructions,* except in item 13 set the dial scale on 
70% rather than 100%. [Note: It is evident that regardless of 
the type of instrument used, what is desired is the relative per 
cent of scattered light from these suspensions. One can either 
take the most turbid suspensions and calibrate the scale of the 
instrument at some value not too far below 100%, or distilled 
water can be used as the standard and the scale made to read 
0%. This latter procedure was used in determining the data 
illustrated in the accompanying figure as the concentrations used 
in these directions do not produce a maximum turbidity over 

* “Three-way Analysis with the Fisher Nefluoro-Photometer,”’ 
published by Fisher Scientific Company. 
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100% relative. The use of the most turbid suspension, however, 
is recommended as the better method to follow. ] 

(9) With the instrument arbitrarily calibrated, as rapidly as 
possible determine the relative per cent of scattered light from 
the samples starting with beaker No. 1 and working rapidly 
through to No. 10. In running this sequence rerun the sample 
used to calibrate the instrument in step (8). 

(10) Prepare a plot of the per cent of scattered light versus 
the ratio Cy/Ctotai. Since a suspension containing the exact 
ratio 1/(1 + n) may not be included in a given determination, it 
is best to draw straight lines through the points on both sides of 
the maximum and consider where they cross to be the maximum 
value. 


If desired, more combinations of concentrations in 
the vicinity of the peak of the curve can be included 
to indicate where the maximum point is going to occur. 
Experience has tended to indicate that, when many 
points in the region of the maximum are determined, 
the peak is rounded in appearance, somewhat reminis- 
cent of the breaks in conductometric curves, so that a 
better idea of the actual break is obtained by crossing 
the projections of the two straight lines. 

In the accompanying figure a typical set of collected 
data are plotted to illustrate the formation of the copper 
cupferrate complex. The straight lines drawn through 
the points on each side of the maximum cross at a 
value of 0.33 for the ratio Co.t+*/Crom. This 
corresponds to a value of two for n or the formula of 
the chelate is [CuCf,], where Cf represents the cupfer- 
rate ion. 

It has been observed that solution temperatures 
should be 25°C. or above, since at lower temperatures 
the suspensions form more slowly and erratically. 
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TEXTBOOK ERRORS’ 


Tux classification of crystals into the several systems 
such as cubic, tetragonal, orthorhombic, etc., is gen- 
erally based in textbooks? on a consideration of crystal 
axes, particularly their relative lengths and direction, 
as shown in the table. This approach gives correct 
assignments in a great majority of cases but occasionally 
leads to an error. What is more serious, it obscures 
the real basis of the classification, which is that of the 
symmetry of the crystal in all its properties and not only 
in its axes. 

The subject of crystal symmetry is correctly treated 
in books on crystallography and X-ray diffraction*® but 
is rather lengthy and involved. We can indicate only 
some basic conclusions here. 

A crystal, as is well known, is a regular repeating 
arrangement of atoms, molecules or ions. The repeat- 
ing unit, or unit cell, must correspond to the symmetry 
of this structure but still can be chosen in an infinite 
number of ways. This is like the distance between 
trees in an orchard which can have a large number of 
values depending on the direction in which it is meas- 
ured. Among these infinite ways, a simple one, directly 
related to the crystal shape, is chosen as the conven- 
tional unit cell and determines the axes of the crystal 
with respect to both angle and length. The shape of 
the unit cell generally reflects all the symmetry proper- 
ties of the structure, but occasionally, due to accidental 
compensations, this shape may have much higher sym- 
metry. To use a somewhat exaggerated illustration: 
a jack-in-the-box does not have cubic symmetry even 
when enclosed in a perfectly symmetrical box. 

The symmetry of the structure of a crystal may be 
defined very precisely in terms of rotations, inversions, 
and translations which superimpose the structure 
upon itself. There are 230 possible combinations of 
these operations corresponding to the 230 so-called 
space groups. These in turn fall into the systems 
listed in the table. 


1 Suggestions and material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, University of South- 
ern California, Los Angeles 7, California. Contributors of dis- 
cussions in a form suitable for publication directly will be ac- 
knowledged as guest authors. 

2 Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 

3 See, for example, Puiurps, F. C., “An Introduction to Crys- 
tallography,” Longmans, Green and Co., New York, 1946, or 
Buercer, M. J., “X-Ray Crystallography,’ John Wiley & Sons, 
Inc., New York, 1942. 
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X: The Classification of Crystals 


KAROL J. MYSELS 


University of Southern California, Los Angeles, 
California 


The structural symmetry of a crystal manifests itself 
in all its directional properties. Crystal habit (the 
relative development of different possible faces), re- 
fractive indices, coefficients of thermal expansion, pyro- 
electricity, piezoelectricity, and above all the single 
crystal X-ray diffraction pattern are among the proper- 
ties useful in determining experimentally the symmetry 
properties of the crystal. The relative lengths and 
angles of the crystal axes can often be obtained from a 
study of only its outer shape. 

Although there are not many, cases do exist in 
which a classification can be in error if it is based only 
on a consideration of the axes. Thus, a unit cell with 
a ~ b¥c and a=B=y=90° does not necessarily mean 
that the crystal has orthorhombic symmetry; in the 
tabulation of Donnay and Nowacki‘ there are over fifty 
monoclinic substances listed having unit cells of the 
above shape. Among these are cobalt tungstate, 
potassium iodate, calcium zirconate. The same source 
lists twenty orthorhombic (pseudotetragonal) sub- 
stances having two equal axes, e.g., elemental gallium 
or potassium ferricyanide, and ten tetragonal (pseudo- 
cubic) substances having all three axes equal such as 
silver mercuric iodide, and analcite [NaAl(SiO;).H,0]. 

The erroneous assignment in these examples depends 
on the numerical values of the axes. It depends there- 
fore also on the accuracy with which the measurements 
are made. In the case of gallium, which is ortho- 
rhombic with a/b = 1.0002, measurements had to be 


Erroneous Classification of Crystal Systems 
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made with high precision to show that the unit cell 
was not tetragonal in shape. 

Since the thermal expansion coefficient follows the 
structural symmetry of the crystal it will differ along 
two axes which are only “accidentally” equal. Hence 
the equality can be exact only at one temperature. 
For the same reason, however, the “accidental’’ equality 
can become absolutely exact at such a temperature, and 


4Donnay, J. D. H., anp W. Nowackxt, “Crystal Data,” 
Geological Society of America, Memoir 60, New York, 1954. 
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the measurement of the axes leads to an erroneous 
assignment no matter how accurately it is made. 

On the other hand, if the structural symmetry of a 
crystal places it in a given system, then the relative 
lengths of the axes and their angles not only have the 
exact values required but keep these in spite of changes 
in temperature and pressure. 

Thus while consideration of the lengths and angles of 
crystal axes forms a simple basis for the classification of 
crystals, the student should be made aware that these 
are not the most fundamental consideration. They 


Since the initial report by Stimson (/) concerning the 
infrared spectra of compounds in potassium bromide, 
a number of dies for the preparation of potassium 
bromide discs under vacuum have been described 
(2-8); these, however, have been rather complicated. 
The following is a description of a simple and reliable 
evacuable die which can give crystal-clear windows of 
potassium bromide. 

The die itself is a modification of the nonevacuable 
die described by Jensen (8). The diameters of the die 
pistons (C and D) and the collar (Z) in our particular 
die are matched to within 0.003 mm. The vacuum seal 
(G) is a No. 10 rubber stopper bearing a 27-mm. hole 
and a copper tube as illustrated. The ends of the stop- 
per are sanded to the proper thickness, so that the upper 
piston (C) just enters the top of the collar (Z) in the 
assembled die. 

In operation, the collar (Z) is placed around the bot- 
tom die piece (D), and an intimate mixture of ca. 0.5 
mg. of compound and ca. 200 mg. of dry potassium bro- 
mide is placed in the upper part of the collar. The 
vacuum seal (@) is placed around the collar and the top 
die piece (C) is carefully lowered into place. The 
assembly is evacuated through H (a vacuum of 0.05 
mm. may be readily attained) for two minutes; the die 
is then subjected to a total pressure of ca. 23,000 lb. 
for one minute. The die is disassembled, using the 
wrench (J) on the collar if necessary. The disc need 
not be removed from the collar since the collar is 
grooved to fit the microcell holder of the Perkin-Elmer 
Infrared Spectrophotometer. If the discs are to be 
stored or if a number of them are to be prepared at once, 
they are forced out of the collar with the piston (/). 
The latter is threaded at one end so that it may be at- 
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are only one of the manifestations (and not an infallible 


one) of the basic symmetry of the crystal. 
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® A SIMPLE EVACUABLE DIE FOR THE 
PREPARATION OF POTASSIUM 


EMIL H. WHITE 
Sterling Chemistry Laboratory, Yale University, 
New Haven, Connecticut 


tached to the ram of an arbor press (in our case, a press 
used for the preparation of sodium ribbon). The die is 
occasionally washed with water to remove traces of 
potassium bromide (which cause sticking) and then 
dried thoroughly; it is stored in a desiccator when not 
in use. 


A and B, Circular Steel Plates; C and D, Steel Rods (AISI-52-100, 
Hardened to 60 Rockwell ‘'C’’), Press Fit into Aand B. A + C Can Be 
Made as a Single Unit (8). F, End View of E (25 mm. o.d.); G, Rubber 
Vacuum Seal; H, Copper Tube; /, Wrench for Collar E; J, Piston 
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APPARATUS FOR ISOPIESTIC MEASUREMENTS 


In srupyine the physical chemistry of solutions of 
electrolytes it is fréquently desirable to determine the 
vapor pressure of the solvent, over a range of concen- 
trations, in order to determine the activity of the sol- 
vent, the osmotic coefficient, and the activity of the 
solute, all of which may be deduced from measurements 
of the vapor pressure of the solvent. The determina- 
tion of the activity of the solute in moderately concen- 
trated solutions (i.e., 0.1M to 6.0M) is of particular 
interest, since, in general, no method exists for cal- 
culating activities at such concentrations. 

The isopiestic method is beautifully simple in prin- 
ciple and should make it possible to determine solvent 
vapor pressures quite easily. In this method, a solution 
of the salt (or nonvolatile solute of any kind) is ex- 
amined in comparison with that of some reference salt. 
This reference solution will be one for which the vapor 
pressure of solvent is known as a function of solute con- 
centration. Then the two solutions, each in its own 
crucible, are placed in a closed container and allowed to 
reach equilibrium. ~ When equilibrium is attained, the 
molal concentrations of the two solutions are de- 
termined by suitable methods. The vapor pressure of 
the unknown solution is thus evaluated from that known 
for the reference solution. 

This equipment was developed from that described 
by Scatchard, Hamer, and Wood,? but embodies 


1 HaRNED, H. S., anv B. B. Owen, “‘The Physical Chemistry 
of Electrolytic Solutions,” 2nd ed. Reinhold Publishing Corp., 
New York, 1950, Chap. 9. 

2 Scarcuarp G., W. J. Hamer anv 8S. E. Woor, J. Am. Chem. 
Soc., 60, 3061 (1939). 
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several novel features which facilitate construction, in 
the average college machine shop by persons with on!y 
modest knowledge of machine tools, and which permit 
the use of more economical materials. 

The apparatus consists of small gold-plated copper 
crucibles to hold the salt solutions, a brass vacuuin 
bomb in which the samples attain equilibrium, a device 
for gentle rocking of the bomb, and a good constani- 
temperature water bath. Close control of temperature 
is important to the method? and a good constant-tem- 
perature bath, capable of holding the desired tempera- 
ture +0.005°C., must be available. The rocking de- 
vice consists of a wooden tray, suspended in the bath, 
which is slowly rocked through angles of 15°. 


VACUUM BOMB AND CRUCIBLES 


A cut-away drawing of the vacuum bomb is presented 
as Figure 1. The cylindrical portion of the bomb can 
be made from 4!/;-in. brass rod or from brass tubing 
of suitable thickness. The top and bottom circula: 
plates were turned from '/,-in. brass plate and the bot- 
tom was silver-soldered into the cylinder. 

The circular brass block inside the bomb has six 
holes */,-in. deep into which the crucibles fit snugly. 
These holes were cut with an end mill on the milling 
machine. The solid brass and the snug fit are quite 
important in order to insure rapid thermal equilib- 
rium between the several crucibles.2 The neoprene 
“©” ring set in a shallow recess in the top of the bomb 
makes an airtight seal when the cover is screwed down. 

Since chemically inert, straight-sided containers are 
not readily available, we have had to draw crucibles of 
the proper shape and dimensions out of sheet copper and 
then plate first with silver and then with gold.* To 
accomplish this, a shallow cup must be drawn and suc- 
cessively redrawn into deeper and narrower forms until 
the desired cylinder is obtained. A typical die is 
shown in Figure 2. The dimensions of the set of dies is 
given in Table 1. Since we were working with 0.008-in. 


TABLE 1 
Steel Die Sets for Drawing Copper Sheet 


3 W., anv G. B. Hoaasoom, “Principles of Electroplat- 
ing and Electroforming,” McGraw-Hill Book Co., Inc., New 
York, 1949, Chap. XII. 
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sheet copper, the male portion of the die is of such a 
dimension that the clearance between it and the sides 
of the female is only 0.0075 in., otherwise the desired 
drawing action will not take place. In metal drawing 
the reduction in diameter at any stage should be 
20% or less. 


At the outset and after each drawing the copper had to be an- 
nealed, by heating to 600°C. and quenching in water, since cop- 
per work-hardens during the drawing. A 2-in. disc of annealed 
copper is placed in the top portion of the largest female die and 
both dies, the retainer and the copper, are lubricated with lard 
oi!. The retainer and male die are put in place and the assembly 
is placed in an arbor press. The retainer is held in place by a 
stout coil spring which is compressed between the retainer and 
the top of the small arbor press. (This spring arrangement is 
important. If the retainer is not held rigidly in place, the copper 
buckles and tears during drawing.) The male is then slowly and 
steadily pushed through, until the whole of the copper has passed 
through the female die. The cup, ormed, is removed from 
the male die by applying a slight“air fressure to the relief hole 
in the die. 

The cup is cleaned of lard oil and annealed. Then it is lubri- 
cated and placed in the second dig’ The operations are repeated 
until the copper has been drawn Ahrough the four die sets and the 
cup is of the desired proportions. The top of the cup is some- 
what jagged at this point, unless a shoulder is made on the final 
die. The final die should be turned to the dimensions indicated 
only to the desired depth of the cup; above that it should widen 
to a diameter of 0.999 in. (which will just pass through the fe- 
male.) This shoulder, then, serves to cut off the cup to the de- 
sired depth (1!/; in.) and remove the uneven upper edge. 

Tight-fitting caps for the cups (to prevent evaporation of the 
solvent, while they are being weighed) can also be drawn from 
copper sheet but can be made in one step. The dies we used have 
the following dimensions: female, 1'/, in. at the wide portion, 
1.016 in. at the small portion; male, 1.001 to a depth of */\¢ in. 
and then above this shoulder 1.015 in. Subsequent plating of 
the crucibles and caps makes the fit even better. 


MEASURING VAPOR PRESSURES 


Since ample data on the activities, osmotic coeffi- 
cients, and solvent vapor pressures of solutions of po- 
tassium chloride in water can be found in the literature,* 
this was used for the reference solutions. Sodium 
chloride might also be used.? Since the bomb has 
provision for six crucibles, duplicate samples of the 
reference salt and two “unknown” salts may be placed 
in it, and thus two salts can be examined simultaneously. 

The crucibles can be used conveniently with up to 5 
ml. or 6 ml. of solution; it is desirable to use at least 1 
ml. The range of reference solution concentrations 
employed has been 0.1 molal to 2.0 molal. 

Sufficient potassium chloride (0.1 g. or more) is 
weighed into each of two crucibles, and water is added 
to make a solution of about the desired concentration. 
Similarly, two samples of an unknown salt solution are 
prepared. The apparatus has been used to investigate 
solutions of such polyvalent electrolytes as potassium 
octacyanomolybdate. 

The uncovered crucibles are placed in the bomb and 
five drops of water are placed in the bottom of the 
bomb. It is closed and evacuated through a glass 
bulb of volume equal to that of the bomb. The evacua- 
tion is thus controlled, and rapid boiling and spattering 
of the solutions are prevented. When the pressure in the 
bomb has been reduced to that equal to the vapor 


‘ Harnep, H.S., anv B. B. Owen, “The Physical Chemistry of 
Electrolytic Solutions,” 2nd ed. Reinhold Publishing Corp., New 
York, 1950, Chap. 12. 
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pressure of pure water at room temperature, it is 
evacuated through the bulb ten more times to insure 
complete displacement of air. The valve is closed, it 
is removed from the vacuum line, the cap is screwed 
down tight, the small cap which covers the evacuating 
port is put in place, and the bomb is put into the 
rocker in the constant temperature bath. 

Twenty-four hours is a sufficient time toattain equilib- 
rium in the cases where the reference potassium chlo- 
ride solutions have a concentration greater than 0.75 
molal. The time required increases for more dilute 
solutions. Three or four days are needed when the 
potassium chloride concentration is about 0.1 molal. 
After equilibrium has been attained, the bomb is 
removed from the bath, wiped dry and opened. The 
crucible caps are quickly put in place, and the crucibles 
are weighed and molal concentrations calculated- 
Duplicate samples should agree within one to three- 
parts per thousand at equilibrium. In Table 2 are- 
listed some typical equilibrium molalities for reference 
potassium chloride and potassium octacyanomolyb-. 
date(IV) solutions; along with the length of time 
allowed for equilibrium to be attained. 


TABLE 2 


Equilibrium Concentrations of KC] and K,Mo(CN); 
Av. 
Conc. Conc. o osmotic 
Time of KCl K,Mo(CN)s coeffict 
(days) (molal) (molal) K.Mo(CN)s 
1 1.988 1.427 
1.992 1.431 0.4906 
1'/2 1.533 1.135 
1.534 1.134 0.4899 
1 1.018 0.7578 
1.021 0.7 0.4835 
2'/s 0.5134 0.3537 
0.5140 0.3540 0.5225 
4 0.3877 0.2614 
0.3876 0.2616 0.5354 


It is unnecessary to weigh out new samples each 
time. After each run, solutions may be diluted by 
adding a little water and then placing the uncovered 
crucibles back in the bomb and proceeding as before. 
This practice may be continued until 5 ml. or 6 ml. 
total volume result or until reproducible results can no 
longer be obtained. Repeated handling of the cruci- 
bles eventually (after four to six runs) seems to reduce 
the precision, and the crucibles must be cleaned and 
dried and new samples must be prepared. When 
diluting the samples between runs, it is desirable to 
add more water to one crucible of each pair than to the 
other so that one may be sure when equilibrium has 
been attained. 

When a sufficient number of samples have been ex- 
amined, activities and osmotic coefficients may be 
calculated. 
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SIDELIGHTS ON CHEMICAL EDUCATION IN JAPAN 


Wraen World War II came to its tragic conclusion in 
August, 1945, the American army of occupation soon 
discovered that education in Japan had suffered 
grievously, like other phases of life in that unfortunate 
land. The concrete result of this observation appeared 
shortly in the form of the United States Education 
Mission, a group of 27 educators selected as advisers to 
the occupying commander. The Mission consisted 
largely of professors of education, sociology, and econom- 
ics, along with administrators of both secular and 
religious schools. Apparently little or no representa- 
tion came from mathematics, physics, chemistry, 
geology, or biology, to say nothing of several other solid 
collegiate subjects. One wonders whether this short- 
age means lack of interest of the “educationist’”’ group 
in fundamental advanced subjects, lack of interest on 
the part of the fundamental “academics” in educational 
problems, or merely an unduly narrow concept of educa- 
tion in government circles. 

The Mission reported an excessive tendency to mere 
memorization in Japanese university study practices, 
and this probably has significance in chemical educa- 
tion, but with some reservations. Undoubtedly Japan, 
like our own country, could profit from the educational 
methods recommended in the excellent article by Gif- 
ford.! The Mission delegates felt that the imperialist 
dictator group in Japan, by tyrannical “thought 
supervision,” had driven the Japanese university 
scholar into, a position where he lost all interest in criti- 
cal discussion and found it convenient to stay within 
the bounds of memorized lectures on approved topics, 
reflected back on examination papers by good student 
memorizers. Such was undoubtedly the fashion in 
political science. One of the first summary acts of the 
commanding officer was the abolition of the Bureau of 
Thought Supervision in the Japanese government. 

It is questionable, on the other hand, whether the 
imperialist restrictions in education did much damage 
to the Japanese university chemical scholar. Cer- 
tainly Japan has been the foremost of the oriental coun- 
tries in chemical research, and still continues the good 
work under handicaps. In all fairness, the shortcom- 
ings in Japanese chemistry are chargeable much more 
significantly to economic hardship. 

Even in the National (formerly ‘“ Imperial”) Uni- 
versity of Tokyo the shortage of funds for chemical 
education has been obvious and critical. With pro- 
fessorial salaries a small fraction of corresponding 


G. ROSS ROBERTSON 
University of California, Los Angeles, California 


American figures, academic staff members are often 
compelled to seek multiple positions. Inability to pro- 
vide individual locked laboratory outfits for all stu- 
dents, and inadequacy of laboratory and storeroom 
service, have had woeful results. All of this was 
striking to the present observer in view of the well- 
known reputation of the Japanese in America as neat, 
clean, and orderly workers. 

An additional explanation of the battered state of the 
laboratories was given to us by a disinterested Tokyo 
resident. According to this interpretation, no Japa- 
nese student really respects any building in which he is 
not required, in approved tatami style, to remove his 
wooden shoes before entry. By contrast, we noted the 
(private) Aoyama university nearby. This institution 
maintains the tatami custom in classroom buildings to 
considerable housekeeping advantage. In the Uni- 
versity of Kyoto chemical laboratory, a new Pasadena- 
made mass spectrograph is housed not only in air- 
conditioned quarters, but also, like the student’s own 
home, over a special, covered tatami floor on which 
neither wooden nor leather shoes may tread. 


SECONDARY EDUCATION 


Secondary chemical education in Japan is open to the 
same criticism aimed in past years at our own schools, 
namely, that it tends to be merely diluted university 
education. Such diluted matter deals with topics 
chemically over the heads of the pupils. Some of 
these topics, however, such as nylon, sulfanilamide, and 
penicillin are still valid as cultural items, but are classi- 
fied as commercial geography or social studies rather 
than as chemical training. As topics of general in- 
terest they are of course legitimate in a high-school 
course. 

Much less valid was the high-school exercise wit- 
nessed by the present writer, where the Japanese pupils 
were performing the biuret reaction of organic chemis- 
try. Before one casts stones of criticism abroad, how- 
ever, he may well look at useless experiments in Amer- 
ican programs, such as the Molisch test for carbohy- 
drates in an elementary home economics-chemistry 
course. Color tests, not half understood, calling for no 
real scientific thinking, and ending every ten minutes 
in the sink, may be easy to compile in manuals, but are 
of little value. Perhaps this comment in one sense is 
consistent with the recent utterances of J. C. Warner,’ 
past president of the American Chemical Society, who 


1 GirrorD, Dorortuy W., J. Cuem. Epuc. 32, 490 (1955). 
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2 Warner, J. C., Chem. Eng. News, 34, 4786 (1956). 
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eels strongly that the content of some chemistry 
ourses needs revision. 


MITATION IN TECHNOLOGY 


A popular notion, widespread in western lands, 

haracterizes the Japanese technologist as a mere 
opy-cat, without originality. It would seem to be 
igh time to apply a large discount to this legend. 
Actually, the emphasis on imitation in industrial prac- 
ice is largely the result of rapid technical progress in a 
ountry where science is new. There just is not time 
for deliberate scrutiny of fundamental principles. 
A significant gradation might have been noted, let us 
ay in 1914, from Great Britain, outstanding in fun- 
damental scientific discoveries, over to distinctly less 
original New England, through still less fundamental 
California, preoccupied with state development, to 
Japan, so busy growing up that she had no time to think 
fundamentally on a topic like Dalton’s atom, Faraday’s 
dynamo, or Thomson’s electron. One may expect, as 
the decades pass, a continuing shift in emphasis of scien- 
tific thought, both in America and Japan, to fundamen- 
tal problems. We are thus not sure of the complete 
validity of the official recommendation of the Educa- 
tion Mission “that research (in Japan) should be em- 
phasized, with added equipment, facilities and fellow- 
ships—especially research of a practical character.” 
What is practical? 


LANGUAGE DIFFICULTIES 


Chemical Japan, to say nothing of office and news- 
paper domains, suffers from the awkward language 
which the country imported from China some fourteen 
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centuries ago. Chinese ideographic characters (kanji) 
simply do not fit the complex requirements of modern 
science when it comes to putting things down in black 
and white. Asa result, a Japanese chemistry textbook 
is a strange medley of roman, arabic, kanji, and a sylla- 
bic script known as kana. 

The American commander, in consultation with the 
Mission, considered once again the time-honored pro- 
posal to romanize the Japanese language but had to 
give up the project as impractical. Unfortunately 
Japanese is not based on what we westerners call an 
alphabet, but instead deals with syllables and. whole 
words. Any attempt to express the Japanese language 
in letters would lead to numerous ambiguities where 
roman letters are inadequate to express shades of 
meaning in the ideographic characters. Although there 
has been considerable matter published in “Romaji” 
(roman characters), the system continues to meet much 
objection. Its promoters have still not given up all 
hope. 

As an illustration of difficulties, we asked our Japa- 
nese host to write “potassium sulfate” in Japanese. As 
seen in the accompanying illustration, the sulfate portion 
of the name, which the Japanese write first, presented 
the easier part of the problem. “Sulfate” comprises 
two concepts known to Chinese scholars from ancient 
days, and represented by characters for “sulfur” and 
“acid.” But “potassium,” or better yet, “kalium,” is 
a modern idea, unknown to ancient literary pioneers. 
To handle this and numerous other expressions, Japan 
has long since established the “kana” or phonetic sys- 
tem, in which a few dozen relatively simple symbols 
have been set up in the similitude of an alphabet, but 


” or point directly below the place where the atomic bomb exploded over 
Hiroshima. This is a concrete replica of a primitive Japanese home of ancient times. The ruined building in 
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with-each character designating a syllable instead of a 
letter. Actually, kana is an abbreviation of the more 
complicated kanji. Frequently the Japanese adopt a 
whole foreign word, without translation, and write it 
as best they can in kana. 

In the present case the problem was to put the inter- 
nationally accepted word “kalium” into kana charac- 
ters. This introduced troubles. “Ka” was easy, but 
there is no “1” in Japanese. Most Japanese people 
cannot even pronounce the letter correctly. Accord- 
ingly, “‘ri’’ was chosen as substitute for “li.” Trouble 
No. 2: Nosyllable“‘um” in kana. Best substitute, two 
characters, ‘“u’”’ and “mu.’’ This is not so bad, since 
the Japanese do not stress the terminal “u”’ in the sylla- 
ble“‘mu.” Finally, potassium sulfate is represented by 
two kanji and four kana characters, with the last four 
pronounced approximately kah-ree-oo-moo. 
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“Potassium sulfate"’ in Japanese 


The final blow comes when the puzzled Japanese 
student has to put potassium sulfate into a chemical 
equation. Answer—Give up, and write the equation in 
plain English! Or perhaps we should say—Write it in 
roman and arabic. 

We were quite astonished at the complication of a 
Japanese typewriter in the University of Tokyo used for 
the preparation of manuscripts in physical science. In- 
stead of 84 characters, as in an American typewriter, 
approximately two thousand ideographic type were 
available to the one typist. So complex and slow has 
the typist’s job become, with scientific material, that 
much of the chemical research reports in Japan appear 
in English. 

The Chemical Society of Japan is much interested in 
chemical education, and in our JouRNAL OF CHEMICAL 
Epucation. We were most hospitably welcomed on 
behalf of the Society by Professor Bunichi Tamamushi 
(colloid chemistry, University of Tokyo). Equal hos- 
pitality and educational interest were shown by the 


staff at the University of Hiroshima, where the chenis. 
try department has not forgotten August 6, 1945. 


CHEMISTRY AT HIROSHIMA 


The blast which struck south central Hiroshima 2: 
about 8:15 a.m. on the historic date did not occur at the 
earth's surface, but instead several hundred feet aloft 
As a result, objects at street level were not dissipated 
as gases at fantastic temperatures, as one might 
presume. The visitor may still pick up bits of bleck 
rubble which escaped the clean-up bulldozer. Those 
fragments are usually glazed, and blackened either by 
carbon under reducing conditions, or by magnetic 
oxide. They can be found near the “hypocenter” me- 
morial shown in the adjoining picture. Although the 
temperatures may not have been excessive, one does 101 
overlook the loss of life, estimated by Japanese at 24\),- 
000, but figured at only about 70,000 by American and 
neutral authorities. 

The chemistry building at the University, a concrete 
structure about two thousand yards from the hypocen- 
ter, received at first a terrific mechanical shock, but 
was not destroyed. It was in this laboratory that Pro- 
fessor Bunkichi Masumoto, leading staff member, was 


‘very seriously injured. As we visited Hiroshima, he 


was continuing his lifework only with great physical 
disability. As the tragic day advanced, the holes in 
the building which had been windows prior to 8:15 
A.M., now began receiving numerous firebrands. By 
evening the building was gutted. 

Economic shortages and memories of war have not 
paralyzed scientific activities in Hiroshima, however. 
The organic researchers in particular have long since re- 
turned to the job, especially in the terpene field. Pa- 
pers in the Journal of Science in the Hiroshima Univer- 
sity, published in English, on terpenes and allied com- 
pounds, have appeared under the authorship of Mat- 
suura, Masumoto, Fujita, and others. With freedom 
from military burden, it is reasonable to expect in- 
creased progress in the coming years. . 

We found no atmosphere of gloom in Hiroshima. 
Relocation of streets and modernization of the city are 
conspicuous in the downtown area. On a nearby hill 
the (American) Atomic Bomb Casualty Commission’s 
medical center offers the finest in western medical serv- 
ice, without cost, to survivors of the 1945 disaster 


HISTORY OF SCIENCE SOCIETY ANNOUNCES THE IDA AND HENRY SCHUMAN PRIZE 


AN ANNUAL awarb of $250 has been established By Henry and Ida Schuman of New York City for 
an original prize essay in the history of science and its cultural influences. This competition is 
open to undergraduate and graduate students in any American or Canadian college, university, or 
institute of technology. Papers submitted for the prize competition should be approximately 5,000 
words in length? exclusive of footnotes, and thoroughly documented. Papers submitted for 
competition should be sent to the Chairman of the Prize Committee, Professor Harry Woolf, 
Department of History, University of Washington, Seattle 5, Washington. To be eligible for con~ 
sideration, papers must be received on or before the first of June, 1957. 
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CHEMIST’ 


Some years ago at a luncheon, Professor Peter Debye 
said, ‘Kineticists are like lobsters, they travel back- 
wards.” After a minute to let this sink in, he explained 
that a man who studies rate processes must be a chemist 
first and a kineticist second, for good kinetics depends 
on good chemistry. 

The truth is this thought has become more and more 
apparent in the intervening time. However, there is a 
corollary to this which is worth consideration. In 
modern chemistry, kinetics and the mechanisms of re- 
actions are of ever-increasing importance. Thus the 
corollary is: “‘A man doing chemistry today must have 
a working knowledge of rate processes.” 

It is easy to understand, why a chemist carrying out 
research or teaching in an academic institution would be 
interested in kinetics. Also, the chemist in industrial 
research occasionally is handed the problem of a reac- 
tion that is economically feasible except that it goes 
too slowly. Although it is somewhat more difficult to 
see why chemists in an analytical laboratory or small 
chemical plant should know the fundamentals of kinet- 
ies and rate processes, it can be shown that this infor- 
mation is just as important for them as for the others. 

All reactions proceed at some velocity; sooner or 
later, every chemist encounters a measurable one. The 
reactions which go at a measurable rate are often just 
as troublesome as those too fast or too slow. Even the 
most practical chemist must be aware of the possible 
troubles in working with such reactions. The primary 
emphasis of this discussion is that rate processes must 
be considered when a chemical analysis is being carried 
out. 


APPLICATIONS IN ANALYTICAL CHEMISTRY 


All chemists depend upon analytical chemistry. For 
this reason, a primary example will be chosen from the 
reactions involved in a standard volumetric method. 
In general, a reaction suitable for titrimetric analysis 
must be one which is essentially complete immediately, 
with no side reactions. It is not uncommon, however, 


‘Presented at the Eighteenth Summer Conference of the 
NEACT, Durham, New Hampshire, August 20, 1956. The 
author gratefully acknowledges the support of the Office of 
Ordnance Research of the U. 8. Army. 
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* REACTION RATES FOR THE PRACTICAL 
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to find reactions with exact stoichiometries which pro- 
ceed too slowly, or reactions which go' rapidly enough 
but have competing side reactions. Consideration of 
the rate processes involved might bring forth ways to 
make such reactions suitable for use in analysis. 

The reaction for the permanganimetric analysis of 
hydrogen peroxide (1) does not have any of the above 
faults, as normally carried out. Although it involves 
relatively large integers, the stoichiometry is without 
complication in acid solution: 


2MnO,~ + 5H,0. + 6H* 2Mn** + 50, + 8H,0 


The reaction is not simple, however, and the first time 
a chemist attempts to determine peroxide in a solution 
he is in for a surprise. The first bit of permanganate 
added is decolorized so slowly that he is tempted. to 
assume that no peroxide is present. After a minute or 
so, the purple permanganate color does fade away. 
When a second bit of permanganate is added, its color 
also persists but not as long. Succeeding additions of 
permanganate are decolorized more and more rapidly 
until finally he can add the reagent in a continuous 
stream with instantaneous loss of color. At the end 
point one extra drop of permanganate gives a definite, 
lasting, pale pink coloration to the solution. 

The peculiarity of this reaction is that it is catalyzed 
by one of its own products, the manganous ion, (Mn**). 
The direct reaction between permanganate ion and per- 
oxide is very slow, but the over-all reaction becomes 
rapid in the presence of the catalyst. If an analytical 
chemist were to add a small amount of a manganous 
salt, the slow initial reaction would be avoided. Then 
he would have a rapid and stoichiometric analytical re- 
action. 

The dramatic behavior of permanganate in the per- 
oxide titration leaves little doubt in the mind of the 
chemist who carries it out about the complexity of the 
reaction and the complexity of the rate-determining 
steps. Moreover, there are other troubles to be found 
in this analysis for peroxide. They are even more 
subtle than the above behavior. 

What about the analysis of mixtures of hydrogen per- 
oxide and Caro’s acid? The latter is peroxymonosul- 
furic acid with the formula: 
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Both peroxides oxidize iodide ion at nearly the same 
velocity so that one generally titrates the total iodine 
formed by both of the oxidation reactions: 


H.SO; + 2I- I, + + 
+ 2I- + 2H*+— I, + 


This total iodine can be determined by thiosulfate titra- 
tion and the total peroxide calculated accordingly. 
Analytical references (2), report that permanganate will 
not oxidize such bound peroxides as the peroxysulfates. 
The amount of hydrogen peroxide alone in the mixture 
can thus be determined by titrating the original mixture 
with permanganate. The amount of Caro’s acid is rep- 
resented by the difference in the two results. 

How about mixtures of hydrogen peroxide and per- 
oxyborate ion? 


| 


H 


On carrying out the above two separate analyses, one 
obtains identical results. Surprisingly, the amount of 
hydrogen peroxide found by permanganate titration 
corresponds exactly to the total amount of peroxide 
shown by the oxidation of iodide. One could draw the 
incorrect conclusion that no peroxyborate ions were 
present. 

The peculiar thing about the peroxyborate ion, which 
is not true about the peroxysulfate ion, is that while it is 
fairly stable thermodynamically, it still can hydrolyze 
rapidly to hydrogen peroxide. The equilibrium con- 
centrations lie predominantly to the right as 


B(OH).~- + H.O; = B(OH);OOH- + 


demonstrated by a variety of physical measurements 
(3). The reaction of water with the peroxyborate ion 
to form borate ion and hydrogen peroxide is so fast that 
the equilibrium point cannot be determined by a chem- 
ical method. The hydrogen peroxide which reacts 
with permanganate ion in the analysis of the mixture is 
replenished rapidly by hydrolysis of peroxyborate ion 
until the latter is exhausted. 

The main point for consideration is, then, that 
whenever a chemical procedure is applied to a compound or 
a substituent group, it should be done only after the chem- 
ist has asked himself whether the various equilibria in- 
volved are achieved slowly or rapidly. In retrospect, the 
point is fairly obvious, but hindsight always is better 
equipped than foresight. The facts of the matter are 
that the need for such consideration has been recognized 
only recently. 


COORDINATION COMPOUNDS 


One has only to read the review of Henry Taube (4) 
on rates of replacement in coordination compounds to 
see how crucial a factor.this is. The rates involved 
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constitute a clear explanation of why so much is know; 
about chromium(III), cobalt(III), and platinum(IV 
complexions, yet why there is so little information avail. 
able about vanadium(III), manganese(III), or zine(II 
complexes. The former three ions are readily identi- 
fied because the replacement of groups in the coordi. 
nation sphere is slow. For example, the simple ex. 
change reaction 


[Cr(H20).] + = +3 + 


has a “half-life”? of about forty hours at 25°C. (5), 
Taube calls such ions “inert.” In the ions of the see. 
ond set of metals, groups attached to the metal are 
hydrolyzed so rapidly that chemical methods cannot be 
applied successfully to analyze for the ions. It is no 
exaggeration to say that the constitutions of few easily 
replaceable (or “labile”? as Taube calls them) com- 
plexes are well known. 

One can easily get the impression from inorganic 
chemistry books that the constitutions of coordination 
compounds are well known and easily established, 
Unfortunately, this is not usually true. The example 
found in textbooks are almost invariably coordination 
compounds of the “‘inert’’ classification. This is re- 
flected in what is taught, and it is an exceptional student 
indeed who when told that silver nitrate will discrimi- 
nate between chlorine atoms in the compounds [Co- 
(NH3)sCl]Cl. and [Cr(OH2)sClJCl, will ask himself if it 
is really justifiable to apply this test to [Fe(H,0); 

The chloride ions in the coordination spheres of the 
inert cobalt and chromium complexes are replaced by 
water molecules so very slowly that only two equiva- 
lents of silver chloride are precipitated when silver ni- 
trate is added. On the other hand, the iron-chlorine 
bond in the last complex is broken rapidly so that three 
equivalents of precipitate can be formed, two equiva- 
lents corresponding to ions outside the coordination 
sphere and the third corresponding to the labile chloride 
ion in the coordination sphere. 

The problem of “inert” versus “labile” behavior also 
can be considered with respect to peroxyanions and 
oxyanions (6). As noted before, peroxy groups on the 
borate ion are labile while those on sulfate ion are inert. 
It is not a coincidence that those peroxyanions that 
are well established fall in the “‘inert”’ class. The others 
are too fugitive to be identified by a chemical method. 

There is one more example which should be men- 
tioned. The two ions, phosphate and arsenate, are re- 
markably similar in both chemical and physical proper- 
ties. However, the rates of replacement of atoms at- 
tached to the central arsenic in arsenate are rapid. 
Similar replacement of the atoms in phosphate is slow. 
Pyrophosphate and many higher polyphosphates are 
well known and are found to be relatively inert towards 
hydrolysis. In contrast to this, polymers of arsenic 
acid and arsenates are rare. It is impossible to main- 
tain them in aqueous solution (7) as the result of rapid 
hydrolysis reactions such as: 


As,0;~* + — 2HAsO,~? 


The rapid rate of replacement in arsenates is also re- 
flected by the fact that neither organic esters of arsenic 
acid nor stable peroxyarsenates exist. 
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CATION 


A second point for consideration is that catalysts 
pften can be found to speed up slow reactions. There are 
any important reactions which are accelerated by 
race impurities. Peroxide reactions especially are sus- 
eptible to catalysis. The catalytic influence c* copper 
on On peroxydisulfate reactions is well established 
Both hydrogen peroxide (1 0) and peroxymono- 


metal ions; for example Ball (9) has found that as little 
ag a billionth of a mole per liter of cobaltous ion 
will cause Caro’s acid to decompose at a measurable 
rate. 

By no means should it be inferred that trace metals 
influence only rates of analytically important reactions 
and of decomposition reactions. Preparation re- 
actions which normally proceed at a negligible velocity 
often can be accelerated by judicious addition of a 
catalyst in trace amounts. The production of tartaric 
acid by oxidation of fumaric or maleic acids by chlorate 
ion is immeasurably slow (71). On addition of a small 
amount of osmium tetroxide, however, the rate be- 
comes measurable. Thus one can use an inexpensive 
oxidizing agent to produce either racemic or meso tar- 
taric acid. 

Although the transition elements and their com- 
pounds are often the best catalysts, other types of ma- 
terials are known to affect reaction rates. In some re- 
actions, trace amounts of water have an astonishing 
effect. The presence of a trace of chloride ion in an 
aluminum container to be used for containing concen- 
trated hydrogen peroxide can be disastrous. The 
chloride ion can, under some conditions, induce a vio- 
lent decomposition of hydrogen peroxide. 

To avoid certain decompositions or side reactions, it 
may be desirable to slow down the rate. Trace in- 
hibitors, which might be called ‘negative catalysts,” 
are useful. These often act by removing the active 
catalyst from the reaction. A small amount of the 
powerful sequestering agent, ethylenediaminetetraace- 
tic acid will often tie up metal ions so that they are no 
longer effective (9) as catalysts. The inhibitors of 
free-radical chains such as the substituted phenols 
are well known and widely used. 


RELATIONSHIP OF THERMODYNAMIC STABILITY 


The third point for consideration is that kinetic 
stability (or inertness) may parallel thermodynamic sta- 
bility, but often it does not. The energy of the oxygen- 
hydrogen bond is greater than that of the carbon-hy- 
drogen bond (12), yet the rates at which hydrogen will 
exchange with deuterium are in marked contrast. The 
hydrogen on oxygen is so labile that direct measurement 
of the rate of exchange has not yet been accomplished ; 
the hydrogens on carbon are, on the other hand, ex- 
changed exceedingly slowly at room temperature. 

Mention already has been made of the difference in 
the behavior of peroxymonosulfate ion, which is ther- 
modynamically unstable but inert towards hydrolysis, 
and peroxymonoborate ion, which is thermodynami- 
cally stable yet is labile in aqueous solution. 

There is also little correlation between oxidation po- 
tentials and either the rates of oxidation or the rates of 
replacement. In 1.0 M acid the oxidizing abilities of 
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the series 
ClO,- > HSO,- > H;PO, 


decrease from left to right (13). Rates of oxygen re- 
placement (7) decrease in the reverse order: 


H;PO, > HSO,~ > ClO,~ 


It is common knowledge that perchlorate ion and ni- 
trate ion in aqueous solution oxidize substances slowly 
in spite of their powerful potentials, whereas less power- 
ful oxidizing agents such as selenious acid or nitrous acid 
perform quite rapidly. 

The next point is that the products isolated from a re- 
action mixture are not necessarily the most stable ones. 
The magnificent accomplishments of the synthetic 
organic chemists of our day would not be possible if a 
reaction always led to the configuration or product of 
greatest stability. 

One can compare the reactions of cyclopentene to see 
how various strong oxidizing agents affect it. If per- 
oxyacetic acid is used, the initial product is cyclopen- 
tene oxide which can be treated with water to give 
trans-1,2-cyclopentanediol : 


H:O H OH 
Oj +CH;COOOH q—' -H => 
= 


Treatment of the olefin with hydrogen peroxide in the 
presence of light or osmium tetroxide gives cis-1,2-cyclo- 
pentanediol: 


H a 
» 
HO OH 


The use of selenium dioxide as the oxidant can form the 
interesting product cyclopentene-one-3: 


When lead tetraacetate is employed, the oxidation pro- 
duces, among other things, the compound cyclopentene- 
acetate-3, which can be hydrolyzed to give the alcohol: 


_| 

These specific reactions are by no means all the possi- 
bilities. The reagents chromic acid, permanganate 
ion, ozone, periodate ion, etc. make other products. 
Readers interested in the oxidation of olefins can refer 
to the review of Milas (14) to see what unusual things 
are possible. 

This variety of products that can be obtained by 
oxidizing cyclopentene does not reflect anything more 
about their thermodynamic stability than that all are 
possible. The direction taken by the reactions to lead 
to specific oxygenated products is a result of the fact 
that the individual reagents present different reactions 
paths of greatest rate to the olefin. One can certainly 
appreciate why organic chemists are so intrigued with 
reaction mechanisms when one realizes that the prod- 
ucts of organic reactions usually are determined by a 
mechanism rather than by thermodynamic stability 
factors. 
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FUTURE DEVELOPMENTS 


It is appropriate at this point to make some mention 
of possibilities for the future. It does not take clair- 
voyance to see the following things coming for the prac- 
tical chemist. 

The vast amount of interest in the fields of reaction 
rates and relative reactivities has made it possible to 
find and apply many correlation equations. These 
equations, of which the Brénsted (15) and Hammett 
(16) equations are famous examples, now enable the 
calculation of rates for many reactions. The Brénsted 
equation 


kya = 


where a and @ are constants relates the rate (ky,) of an 
acid-catalyzed reaction to the ionization constant 
(Kua) of the same acid. The Hammett equation 


log kz — log ku = po 


where o is a constant characteristic of a substituent 
group on a benzene ring and p is a reaction constant 
relates the rate (k,) of a reaction for a molecule contain- 
ing a substituted benzene to that (ky) for the molecule 
containing benzene itself. 

The nature of present progress in the development of 
these correlation equations is largely empirical. Al- 
though future directions are uncertain, there is little 
doubt concerning the outcome. Rate data will be ap- 
plied in much the same fashion as equilibrium data are 
used now. To be sure, there always will be the prob- 
lem of the presence of an unsuspected catalyst, but even 
this problem can be overcome. 

There is another outlook for the future which appeals 
even more than the prediction of reaction rates. This 
is the possibility of synthesizing reagents which can re- 
act rapidly with a particular substrate. Chemists are 
just now coming to the stage of being able to understand 
what the factors are in molecules which affect reaction 
rates. The influences of basicity, electrode potential, 
polarizability, ionic potential, etc., are being sorted out. 
Within the next few decades it will be possible to choose 
molecules for a specific task purely on the basis of a pa- 


per calculation. The predicted rate calculated for , 
synthesis probably will match the experimental on 
within a factor of two. The possibilities will be limite, 
only by the chemist’s ability to dream up new con. 
pounds and then make them. 

Other new things will come along in the field of chen. 
ical kinetics. What they will be is hard to say, but 
students trained in these days must be ready to uncer. 
stand them. A chemist today certainly must have 4 
working knowledge of rate processes; the practical 
chemist of tomorrow will make good use of them. 


LITERATURE CITED 


(1) Hucxasa, C. E., anp F. G. Keygs, J. Am. Chem. Soc., 70, 
1640 (1938); also references therein. 
(2) Priczr, T. S., ‘Per-acids and Their Salts,’’ Longmans, 
Green & Co., London, 1912, p. 53. 
(3) (a) Menzeu, H., Z. physik. Chem., 105, 402 (1923). (b) 
Epwarps, J. O., J. Am. Chem. Soc., 75, 6154 (1953). ( 
Kern, D. M. H., J. Am. Chem. Soc., 77, 5458 (1955). 
(d) ANTIKAINEN, P. J., Soumen Kemistilehti, 28B, 159 
(1955). 
(4) Taupe, H., Chem. Revs., 50, 69 (1952). 
(5) Hunt, J. P., anp H. Tausg, J. Chem. Phys., 19, 602 (1951). 
(6) Epwarps, J. O., J. Cuem. Epuc., 31, 270 (1954). 
(7) Tutto, E., anp I. PLaetscKE, Z. anorg. Chem., 260, 297, 
315 (1950). 
(8) (a) Kine, C. V., Ano O. F. Strermnpacn, J. Am. Chem. Soc., 
52, 4779 (1930). (b) Auten, T. L., J. Am. Chem. Soc., 
73, 3589 (1951). (c) Bawn, C. E. H., anp D. MarGenr- 
son, Trans. Faraday Soc. 51, 925 (1955). 
(9) Batu, D. L., Ph.D. thesis at Brown University (1956). 
(10) Scoums, W. C., C. N. Sarrerrretp, anp R. L. WEnt- 
wortH, “Hydrogen Peroxide,’’ Reinhold Publishing 
Corp., New York, 1955, Chap. 8. 
(11) Zevixorr, M., anp H. A. Taytor, J. Am. Chem. Soc., 72, 
5039 (1950). 
(12) Pautine, L., “Nature of the Chemical Bond,’’ Cornell 
University Press, Ithaca, New York, 1940, p. 53. 
(13) Later, W., “Oxidation Potentials,’’ 2nd ed., Prentice. 
Hall, Inc., New York, 1952. 
(14) Miras, N., “The Chemistry of Petroleum Hydrocarbons,” 


Vol. 2, edited by B. T. Brooks, C. E. Boorp, 8. 8. Kur: § 


AND L. ScuMERLING; Reinhold Publishing Corp., New 
York 1955, Chap. 16, p. 399. 

(15) Broénstep, J. N., Chem. Revs. 5, 231 (1928). 

(16) (a) Hammett, L. P., “Physical Organic Chemistry,’’ Mc- 
Graw-Hill Book Co., New York, 1940, Chap. 7. (b) 
Jarre, H. H., Chem. Revs. 53, 191 (1953). 


Two Boys Are Critically Injured 
As Homemade Bomb Explodes 


Oceanside—A 14-year-old boy and an 11- 
year-old friend were critically injured when a 
bomb fashioned out of match-heads by the 
older boy exploded in his hand. 

The 14-vear-old was felled by the blast, which 


shattered his hand. The homemade bomb exploded 
in the center of a ring of interested playmates. The 


Patrick B. Henprickson of East Setanket, New York, clipped the above headline from ‘“News- 
day,’’ a paper published on Long Island, New York. The sad coincidence of the date, October 22, 
1956, with the appearance of ‘Chemical Accidents Involving Minors”’ by Craig Burns in the Octo- 
ber issue of THIS JOURNAL (Vol. 33, page 508, 1956) emphasizes the universal timeliness of promot- 
ing safety by education. Every reader of TH1s JouRNAL should constantly remind himself of this 


obligation. 
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DISCOVERY OF THE ELEMENTS 


Mory Elvira Weeks, Detroit, with a chap- 
ter on “Elements Discovered by Atomic 
Bombardment’ by Henry M. Leicester; 
illustrations collected by F. D. Dains. 
Sixth edition, enlarged and revised. Jour- 
nal of Chemical Education, Easton, Pa., 
1956. xi + 910 pp. 16.5 X 24 cm. 
$10.00. 


I 4M SURE that every chemist would find 
it interesting to read at least parts of the 
sixth edition, revised and enlarged, of the 
book “Discovery of the Elements.’’ The 
book has been brought up to date; it con- 
tains a discussion of 101 elements, includ- 


greatly enlarged, and a more detailed 
discussion is given of elements discovered 
during the seventeenth and eighteenth 
centuries than in earlier editions. 

I have thought of this book as being of 
especial value to the young student of 
chemistry, in providing for him an account 
of those aspects of the history of chem- 
istry that he can easily appreciate and 
understand, and that are likely to develep 
his interest in science. The sixth edition 
may be less valuable in this way than the 
earlier editions. With over 900 pages, it is 
nearly twice as large as the fourth edition 
1939); and the various chapters, which 
may be looked upon as nearly independent 
essays, are in general about twice as long 
sin the earlier editions. These historical 
essays, now given in greater detail than in 
he earlier editions, may have become so 
long and so complicated that the interest 
of the student would not be retained. The 
ale of chemical discovery told in the new 
dition is not so straightforward and so 
easily followed as in the earlier editions. 
Nevertheless, the book is an excellent 
ne, satisfving the real need for an account 
f the history of the discovery of the ele- 


Perusal of the book has raised in my 
ind the question as to whether the deci- 
ions about the names of the elements that 
ave been made during recent years by the 
International Union of Pure and Applied 
hemistry have been in all cases correct. 
First, there is the question of the choice 
between columbium and niobium. There 
s no doubt that this element was discov- 
pred in 1801 by the English chemist 
Yharles Hatchett, who named it colum- 
ium; Ido not understand why the name 
olumbium should not be accepted. Sec- 
nd, there is the choice between the names 
Prytironium and vanadium. A. M. del 
tio, Professor of Mineralogy in the School 
f Mines in Mexico City, discovered a new 
plement in a lead ore in the year 1801, 
tnd named it erythronium. Later he be- 
ame doubtful about his discovery; he 
hought that the element might be identi- 
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cal with chromium, which had been dis- 
covered in 1798, and he did not have a 
sufficiently detailed account of the proper- 
ties of chromium to permit him to dis- 
tinguish between chromium and his ele- 
ment. The Swedish chemist Sefstrém re- 
discovered erythronium in 1830, and named 
it vanadium. Wohler had also reinvesti- 
gated the Mexican ore in which del Rfo 
had identified erythronium, and he im- 
mediately stated that vanadium was 
identical with erythronium, the element 
reported by del Rfo. Perhaps the general 
use of the name vanadium for this element 
over a period of more than 100 years and 
the fact also that del Rio developed some 
doubt about his discovery justify the con- 
tinuation of the use of the name vanadium 
for this element, but similar arguments do 
not apply to columbium, and I think that 
the International Union of Pure and Ap- 
plied Chemistry should be urged to re- 
consider the decision to abandon colum- 
bium in favor of niobium as the name of 
element 41. 


LINUS PAULING 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


LITHIUM ALUMINUM HYDRIDE 
IN ORGANIC CHEMISTRY 


V. M. Micovic, Professor of Chemistry, 
and M. Lj. Mihailovic, Lecturer in 
Chemistry, both of University of Bel- 
grade. (Foreword by H. I. Schlesinger.) 
Haucna Rnjiga, Beograd, 1955. xi + 
193 pp. 17.5 X 24.5cm. Paper bound. 
$3. (Available from Serbian Academy of 
Sciences, Knez Mihailova 35, Beograd, 
Yugoslavia.) 


Tue value of this little book is at once 
apparent from the fact that it presents in 
a lucid, well-organized manner the high- 
lights of nearly all pertinent work carried 
out through October, 1954. Some 1700 
references are cited, one statement in- 
deed being supported by no less than 89 
references, and the book is profusely il- 
lustrated with carefully drawn structural 
formulas and equations. 

The twenty-five chapters are concise, 
readable, and deal in turn with general 
considerations, reactions with inorganic 
and organometallic compounds, com- 
pounds containing active hydrogen, a 
long sequence of reductions ranging from 
those of simple carbonyl compounds 
through the less familiar formazans, epi- 
thio compounds, ete., and concluding with 
a three-page discussion of the hydride re- 
duction mechanism. 

The sort of information contained in 
this comprehensive review is largely avail- 
able in other works but not perhaps in as 
convenient or complete a form. The 


coverage of European literature is partic- 
ularly good, and the authors have used 
critical judgment for the most. part in 
selecting their references although some 
questionable work is cited in the organo- 
metallic field. There are few omissions: 
the fortunate solubility of LiAlH, in 
ether-benzene mixtures is not mentioned 
(p. 5) although it is implied in another con- 
nection. Only ten lines are devoted to 
the hazard of the reagent, and no specific 
caution is cited re use with certain methyl 
ethers, perfluoroacids or nitro compounds. 

Every organic chemist will find this 
inexpensive book very useful. The au- 
thors have done us all a scholarly service. 


THOMAS R. P. GIBB, JR. 
Turts UNIVERSITY 
MeEprorD, MASSACHUSETTS 


THE CHEMISTRY AND FERTILITY 
OF SEA WATERS 


H. W. Harvey, Laboratory of the Marine 
Biological Association, Plymouth, England. 
University Press, Cambridge, 1955. viii 
+ 224 pp. 14 X 22cm. $5.50. 


Tuts book follows, and is in fact a 
thorough revision of, the author’s two 
earlier works: ‘Chemistry and Physics of 
Sea Water,’’ and “Recent Advances in 
the Chemistry and Biology of Sea Water.”’ 
It does not cover quite as broad a field as 
the former of these, however. Taken to- 
gether, these books have been just about 
the only collected accounts, in English, 
of our knowledge of the application of 
chemistry to the field of oceanography and 
marine science. The author has himself 
been one of the most prolific contributors 
to this knowledge, and his books inevi- 
tably follow his own personal lines of in- 
terest. 

Up to the present, chemistry’s contri- 
bution to marine science has been almost 
entirely its assistance to biology in ex- 
plaining the peculiar variations in the 
“fertility of the sea.’’ While it is cer- 
tainly not a comprehensive review of the 
original literature, this little book sum- 
marizes the progress that has been made 
in this direction. It probably represents 
the end of an era, however, for the in- 
terests of chemists in this field are now 
more commonly directed elsewhere, partic- 
ularly into general geochemical prob- 
lems. 

Part I is entitled The Environment of 
the Fauna and Flora, and its chapters 
deal with the chemical composition of sea 
water and its movements, the changes in 
its composition due to animals, plants, 
and bacteria, and the factors influencing 
the growth of plants. Part II, The Chem- 
istry of Sea Water, deals with the major 
and minor constituents of the solution, 
dissolved gases and the carbon dioxide sys- 
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tem. A short chapter on analytical tech- 
niques completes the volume. 

Harvey’s writings are characterized by 
their clearness of exposition and this book 
is no exception. The chapter on the 
carbon dioxide system in the sea, for ex- 
ample, is without doubt the simplest, most 
understandable treatment of this com- 
plicated subject to be found anywhere. 
If there is any serious criticism to be 
offered, it is that the book presents too 
limited a present-day view of ‘‘chemistry 
in the sea,’’ but the author has admittedly 
not tried to cover the entire field. It 
should also be noted that the author has 
almost entirely overlooked the Japanese 
contributions to his field—a rather serious 
omission, in the opinion of the reviewer. 
Nevertheless, this book will be highly 
valued by all chemists interested in the 
ocean. Harvey’s books have had a habit 
of going out of print almost before they 
were well distributed, and this recent one 
seems to be running true to form. 


NORRIS W. RAKESTRAW 
Scripps INSTITUTION OF OCEANOGRAPHY 
La CALIFORNIA 


VALENCY AND MOLECULAR 
STRUCTURE 


E. Cartmell and G. W. A. Fowles, Lec- 
turers in Inorganic Chemistry, University 
of Southampton. Academic Press, Inc., 
New York, 1956. xi+ 256 pp. 79 figs. 
32tables. 22 x 15cm. $5.80. 


In THE words of the authors, “this 
book is written by chemists for chemists.” 
Slightly more accurately, maybe, would 
be to say that it was written by inorganic 
chemists for inorganic chemists. The 
volume represents a relatively non- 
mathematical introduction to quantum 
theory and molecular quantum mechanics, 
followed by a systematic discussion of 
inorganic compounds on the basis of the 
principles developed. A strongly his- 
toric viewpoint is maintained throughout. 
The book probably provides an unusually 
rapid introduction to the basic principles 
of quantum mechanics, but unfortunately 
stops short of a satisfactory treatment of 
polyatomic molecules. Little, if anything, 
is said about non-localized molecular o1- 
bitals, or about the entire field of z- 
electron chemistry from either the molec- 
ular-orbital or resonance viewpoints. 

The book is divided into three parts. 
Part I presents the historical develop- 


ment of quantum theory and the quantum 


mechanical treatment of the hydrogen 
atom, and ends with a discussion of many 
electron atoms and the periodic system. 
Part II gives an introduction to both the 
resonance and molecular orbital theories, 
and compares. the two. A 
directed valence deals with hybridization. 
The first short chapter of Part III dis- 
poses of the ionic, metallic, molecular 
(van der Waals) and hydrogen bonds. 
The next chapter discusses the structure 
of “simple” inorganic compounds by 
groups according to the periodic system. 
The chapter on complex compounds 
is up-to-date and provides a discussion 
of a wide variety of complexes in terms of 
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bonds. formed by hybrid orbitals. The 
final short chapter on electron-deficient 
compounds gives a review of most of the 
ideas which have been presented to ex- 
plain the stability of these compourds, 
without doing much to evaluate their 
relative merit, or examining what tiey 
have in common, or how they differ. 

The book is not intended to be a refer- 
ence work, and probably has little to 
offer the fully trained chemist. For the 
man familiar with valence theory, there 
is little here with which he is not familiar, 
while the person wanting an insight will 
be hurt by the omissions. Despite its 
shortcomings, however, the book should 
provide a workable text for a course for 
advanced undergraduates or beginning 
graduate students majoring in inorganic 
chemistry. 


HANS H. JAFFE 
UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


POLYESTERS AND THEIR 
APPLICATIONS 


Johan Bjorksten, Henry Tovey, Betty 
Harker, James Henning, Bijorksten Re- 
search Laboratories, Inc., Madison, Wis- 
consin. Reinhold Publishing Corp., New 
York, 1956. viii + 618 pp. 15 X 22 
em. $10.00. 


Tue Bjorksten group has compiled all 
the practical knowledge they could find 
on what is going on in the trade in the 
field of unsaturated and saturated poly- 
esters. Theoretical considerations are 
confined to the first 18 pages and no equa- 
tions appear after that. 

Sources of raw materials are discussed 
briefly, but the book is devoted principally 
to resin manufacture, catalysis, fillers, 
shaping and finishing, health hazards, de- 
scription of properties of the final products. 
The only deviation from strictly polyester 
compounds is in isocyanate modified 
polymers. 

The field is extensively documented 
with 3239 references to patents, articles, 
books and manufacturers’ publications. 
The subject matter is presented in 254 
pages; bibliography, 313 pages; supple- 
ment, 8 pages; author index, 5 pages; 
subject index, 34 pages. The tail appears 
to wag the dog. 


LEALLYN B. CLAPP 
Brown UNIVERSITY 
Provipence, Ruyope Isuanp 


THE PHYSICAL WORLD 


Paul McCorkle, Head, Department of 
Physics. Bradley University, Peoria, Ill. 
McGraw-Hill Book Co., 
Inc., New York, 1956. viii + 465 pp. 
278 figs. 27 tables. 16 X 24 cm. 
$5.25. 


Tue first edition of this text was re- 
viewed by Wistar, J. Cuem. Epuc. 27, 
694 (1950). The comments and criti- 
cisms made at that time are still, for the 
most part, applicable. The objectives of 
the author and purpose of the text as 


mentioned in the preface are unchanged: 
“an appreciation of the scientific envi- 
ronment, our survey of science has been 
so built that it provides some of the phy- 
sical science background for the general 
science teacher.” 

The number of chapters and pages re- 
main approximately the same as before 1s 
well as the relative distribution of ma- 
terial chosen from the various physical 
sciences. We find this division to be: 
19% astronomy, 24% geology and earth 
science, 24% chemistry, and 34% phy- 
sics—a distribution not too different from 
many texts in this field. In the latter 
chapters we find rearrangement involving 
two new chapter titles. One of these is 
“Modern applications of electrons in 
motion.” Here there is not only some of 
the material from the first edition, e.<., 
X-rays and radio, but also some new top- 
ics such as the electron microscope, te!e- 
vision, and radar. The other chapter, 
“The nucleus of the atom” mentions only 
briefly artificial radioactivity, atomic 
energy, and transmutation. 

Some changes were made to meet the 
criticisms of the first edition. In one 
case, however, this has introduced an in- 
consistency. When discussing “valence” 
the author correctly explains the combi- 
nation of sodium with chlorine by the for- 
mation of ions, but elsewhere he compares 
the formation of a “molecule” of sodium 
chloride with the formation of hydrogen 
fluoride. 

Should these statements, among others, 
go unchallenged: ‘Since the moon does 
not often get into the plane of the earth’s 
orbit,’”’ “‘Water vapor acts as a blanket,” 
“Chlorophyll. . .seems to. . .radiate the 
green part of the spectrum?” The author 
not only classifies petroleum with the sedi- 
mentary rocks but also refers to it as a 
mineral and then again as a “product o/ 
rocks and minerals.”’ 

Probably too many phenomena are 
mentioned for a book of this type. What 
purpose is served by defining ‘‘octane 
number” in terms of isooctane and n- 
heptane without a discussion of these 
compounds? Also why classify the va- 
rious plastics as melamine, methylmethac- 
rylate, etc., without a discussion of the 
organic chemistry involved? 

The text will require a well founded 
teacher to expound the many questions 
which it will surely arouse in the mind of 
the normal student. 


EDWARD M. COLLINS 
Denison UNIVERSITY 
GRANVILLE, 


A LABORATORY, STUDY OF 
CHEMICAL PRINCIPLES . 


Second edition. W. H. Freeman 
Co., San Francisco, California, ‘ 
xxx + 266 pp. Many figs and tables. 
21 X 27cm. Paperbound. $2.75. 


Tue second edition of this manual con- 
tinues to be based on the author’s state- 
ment to the student: ‘Your laboratory 
work is the central core of your chemistr) 


(Continued on page A28) 
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Tue view from our editorial window is always inter- 
esting, seldom the same. In common with vistas from 
real windows, it often provides the fascination of watch- 
ing a big construction job. Clearing of ground and the 
laying of foundations take a long time. Seldom is the 
intent of the architect apparent at this stage. The size 
of the structure but little of its detail can be implied 
by the sturdiness of its footings. Suddenly one day 
steel girders and beams begin to fit together and the 
superstructure appears. This is the time of rapid prog- 
ress, when skeptics are silenced and the building itself 
begins to become a part of the landscape. 

Readers who have already seen pages 88 and 89 of 
this issue realize what structure we are talking about. 
The National Science Foundation’s program of In- 
stitutes for High-school Teachers of Science dominates 
any view of the science-education scene. It is still at 
the steel-girder-and-open-conduit stage of construction. 
Its size is almost overwhelming—the bill will be $9 
million! We are impressed by more than size, however. 
It gives promise of being a well planned edifice, func- 
tional in its design and well adapted to the purpose it 
is to serve. We have little doubt that its physical 
equipment will be utilitarian, its decor pleasing. Even 
its landscaping will be an improvement over the view 
before it was built. 

Once a structure has been completed, curiosity centers 
on the people who will live and work there. No build- 
ing, even the most imaginatively designed one, can 
serve its purpose empty. The ideas, devotion, and 
tired backs of its occupants ultimately will offer the 
justification for its having been built. Minds and per- 
sonalities are what count. 

Individuals are the objective of the whole grand- 
scale program. One cannot miss the import of the 
phrases, “. .. high-school and college teachers play a 
key role in developing our scientific manpower po- 
tential.” . . programs will provide opportunities’ for 


the science teacher to attend courses in the subject 
matter of science and mathematics especially designed 
for him.” The first of these hardly raises an eyebrow 
any more; it has been said in so many ways by so many 


leaders in both government and science. The second 
one deserves all the emphasis it can get. The success 
of the whole program depends on the quality, not just 
the quantity, of the implementation developed to attain 
this goal. 

Much has been done in the past few years to provide 
valuable realistic experience in the planning and conduct 
of such courses for teachers. In almost all cases where 
chemists have taken the initiative and made a real 
effort to cooperate with professional educators, they 
have been greatly pleased by the results. A huge res- 
ervoir of “what and how” knowledge has been accumu- 
lated by the Division of Chemical Education of the 
A.C.S. through the conduct of its Summer Institutes 
and Conferences. This has so impressed the leadership 
of the N.S.F. that it has used the Division’s Committee 
in an advisory capacity. Many of the institutes an- 
nounced on pages 88 and 89 will count heavily on the 
experienced personnel of the Division for leadership. 

One other emphasis on the personal aspects of the 
program we hope will not be missed by the public rela- 
tions offices of the institutions: that every recipient of 
a fellowship be recognized as such by his home-town 
neighbors as well as by his students. His picture 
should appear in his local newspaper, not for the usual 
reason that he caught the biggest bass in the lake, but 
for the really important reason that he is a science 
teacher and one good enough for the N.S.F. to invest 
in him as a key man in the Nation’s future. 

The view from our window next summer should be 
even more fascinating. People are more interesting 
than buildings. Teachers who will have become en- 
thusiastic about the subjects they teach and who fur- 
ther find that their prestige is up a few notches will be 
very much worth watching. 
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SIR WILLIAM HENRY PERKIN: 
CHEMICAL INDUSTRY 


As rue name suggests, the Perkins (or Parkin) were 
Northcountry folk and the first known records are of 
farmer-proprietors in Cumberland from about the 
middle of the seventeenth century. Thomas, John, 
and Joseph represented three generations living near 
Alston, but John later separated from his brothers and 
farmed near Ingleton in the Yorkshire Pennines. His 
son, Thomas, born in 1757, migrated to London, was 
apprenticed to a leather trader and began a connection 
with the Leather-sellers Company which was kept 
alive in the family for many years. Thomas was lo- 
cally reputed to be interested in chemistry, and when 
his grandson managed to locate the house he found a 
chemical laboratory in the cellar. A still and a furnace 
were included in the equipment. Thomas Perkin 
later moved to London, working as a boatbuilder and 
carpenter, and lived in King David Lane at Shadwell in 
East London. His son, George Fowler Perkin, born in 
1802, carried on and extended the business and in 1826 
married Sarah Cuthbert. William Henry, his seventh 
child and second son, was born at 3 King David Lane, 
on March 12, 1838. 

William Henry Perkin’s earliest education was in a 
private school; later he attended the City of London 
School where he had the good fortune to come under 
the influence of Thomas Hall, a master who was inter- 
ested in science. This, however, was not part of the 
usual curriculum. Hall, himself a student of Hof- 
mann’s, gave two lectures a week on Natural Philosophy 
but the lunch hour had to be used for the purpose. 
Perkin is said to have sacrificed his meal with real fervor 
in this cause and was highly delighted by his selection 
for the honor of preparing the experiments. We surely 
owe a tribute to the memory of Mr. Thomas Hall. The 


PIONEER OF 


SIR ROBERT ROBINSON 
Oxford University, Oxford, England 


seeds of curiosity, wonder, and zeal fell on specially 
fertile ground, it is true, but they were sown, and al! 
honor to the sower. 

There can be no better account of his earliest forma- 
tive period than that which he gave himself in New 
York in a dinner speech during the celebration of the 
Coal-tar Color Jubilee in 1906: 


My father being a builder, the first idea was that I should fol- 
low in his footsteps, and I used to watch the carpenters at work 
and also tried carpentering myself. Other things I noticed led 
me to take an interest in mechanics and engineering, and I used 
to pore over an old book called ‘“‘The Artisan’’ which referred to 
these subjects. I even tried to make an engine myself, and got 
as far as making the patterns for casting, but I was unable to go 
any further for want of appliances. [ had always been fond oi! 
drawing, and sometimes copied plans for my father, whose ambi- 
tion was that I might be an architect. This led me on to paint- 
ing and made me think I should like to be an artist, and I worked 
away at oil painting for some time. But when I was between 12 
and 13 years of age a young friend showed me some chemical ex- 
periments and the wonderful power of substances to crystallise 
in definite forms, and the latter, especially, struck me very much 
with the result that I saw there was in chemistry something far 
beyond the other pursuits with which I had previously been oc- 
cupied. The possibility also of making new discoveries impressed 
me very much. My choice was fixed, and I determined, if pos- 
sible, to become a chemist; and I immediately commenced to 
accumulate bottles of chemicals and make experiments. 


Perkin went on to say that Mr. Hall induced him to 
write to Michael Faraday who sent him a hand-written 
order for attendance at the Royal Institution lectures. 
Still more important, he tells us how Hall prevailed on 
his father, who needed some persuasion, to allow Wil- 
liam to embark on a career in chemistry. The pros- 
pect was indeed very limited in those days. But one 
suspects that William was not easily to be deflected 
from any course that he had determined to pursue. 


The Perkin Centennial was observed in September, 1956, with 
a celebration sponsored by the American Association of Textile 
Chemists and Colorists. No more fitting keynoter for this com- 


memoration of the discovery of aniline dyes could be found than 
Sir Robert Robinson. His career epitomizes the debt and tribute 
all chemists owe to the great minds which have pioneered in the 
field. A student and later collaborator of W. H. Perkin, Jr., he 
“knows whereof he speaks,”’ both as a qualified biographer of his 
subject and as a creative mind able to appreciate and build on his 
heritage from the past. Still active in research, he is now con- 
sultant to chemical industries, having recently retired from the 
Waynflete Chair of Chemistry at Oxford. His honors are many, 
including the Presidency of the Royal Society, the Nobel Prize for 
Chemistry, The Order of Merit, and the Priestley Medal of the 
A.C.S. The editors of TH1s JouRNAL are pleased to provide 
readers with this condensation of his remarks at the Centennial 
Celebration. 
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Thus in October, 1853, at the age of 15, he entered 
the Royal College of Chemistry, then situated in Ox- 
ford Street, London, where Dr. A. W. Hofmann was 
Professor of Chemistry.1 He quickly got through the 
usual analytical courses and was soon encouraged to try 
his hand at research, actually completing an investi- 
gation during his 17th year. It was concerned with 
paranaphthalene (anthracene), supposed at that time 
‘o be CysHy (Dumas and Laurent). The idea of the 
vork was to make nitro- and aminoparanaphthalene 
and the chief outcome was the preparation of chloro- 
and bromo-anthracenes and the obtaining of experience 
that was destined to prove useful at a later stage. 

After this, Hofmann made Perkin an honorary 
assistant. He first studied the action of cyanogen 
chloride on naphthylamine (only the a-isomer was then 
known), which furnished “menaphthylamine”’ (dinaph- 
thylguanidine), and finished this work in 1855. It 
was published in 1856 and was his first scientific com- 
munication.2, Meanwhile, he was promoted to a staff 
assistantship, and from 1854 to early 1856 played his 
part in the general work of the laboratory, for example, 
in Hofmann’s researches on the phosphines. 

Not content with the usual laboratory hours, or per- 
haps desirous of feeling more independent, Perkin fitted 
up a laboratory at King David’s Fort, and worked there 
in the evenings and vacations. A.H. Church, also an 
assistant to Hofmann, was invited to share these facili- 
ties, and the joint work resulted in some important 
findings. From dinitronaphthalene, Hofmann (1856) 
had obtained a substance termed “nitrosonaphthyl- 
ine.” Perkin and Church published a more detailed 
account in 1857, and still later found that the orange- 
red substance was devoid of oxygen, and could be more 
easily made by the action of a nitrite on a salt of 
a-naphthylamine with the addition of alkali. 

In 1863 they termed the substance ‘‘azodinaphthyl- 
amine.” It is a-aminoazonaphthalene and its dis- 
covery constituted the first preparation of an azo-color- 
ing matter. Its tinctorial properties were recognized 
and a patent was taken out.’ It is interesting that it 
also contained a mention of a sulphonated azo-dye de- 
rived in this case by applying the nitrite reaction to 
naphthylaminesulphonic acid. 


1 In 1842 Liebig made what has been described as a triumphal 
tour of Britain, the immediate result of which was the appearance 
of new laboratories for the teaching of chemistry in various cen- 
ters. The direct consequence was the foundation of the Royal 
College of Chemistry in 1845. The Prince Consort was deeply 
interested in, and indeed largely responsible for, this development, 
and he was concerned with the appointment of a professor for the 
new institution. Naturally, Liebig was consulted, and he ad- 
vised the selection of August Wilhelm Hofmann who was one of 
his most brilliant pupils. Hofmann was enthusiastic, tireless, 
and most successful as an investigator, inspiring and beloved as a 
teacher and guide, and a polished speaker and writer. In Britain 
he wielded undisputed sway and, world-wise, was for a long period 
the leading organic chemist of his age. The direction of his re- 
searches, especially the study of the aromatic ammonias, was a 
particularly fortunate precedent of Perkin’s quite independent 
achievement. 

In addition to Perkin, special mention should be made of his 
pupils, Mansfield, Nicholson, and Griess, all of whom made fun- 
damental contributions to coal-tar color chemistry and tech- 
nology. 

? Perkin’s scientific papers appeared in the Journal of the 
Chemical Society. The first one was published in 1856. 

° E. P. No. 893 of 1863. 
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THE DISCOVERY OF MAUVE 


The event which was a turning point in Perkin’s ca- 
reer occurred with dramatic suddenness in the spring 
of 1856 shortly after his 18th birthday. 

As far back as 1849 Hofmann had speculated on the 
possibility of synthesizing quinine. (Cf. Reports of the 
Royal College of Chemistry, 1849, p. 61.) One ap- 
proach, he thought, would be to add water to naph- 
thylamine.* 

It sometimes has been implied that Hofmann dropped 
a hint and Perkin rushed into action as a direct result— 
or even that Perkin carried out his pioneering work in 
the professor’s laboratory. An interval of seven years 
takes a little from the urgency of the stimulus, and it is 
quite certain that the discovery of mauve was made and 
then followed up entirely independently. 

Reflecting on the quinine problem, Perkin thought 
that it might be easier to oxidize a base than to hydrate 
it, and he described his idea in the following terms: 


As a young chemist I was ambitious enough to work on this 
subject of the artificial formation of natural organic compounds. 
Probably from reading the above remarks on the importance of 
forming quinine, I began to think how it might be accomplished, 
and was led by the then popular additive and subtractive method 
to the idea that it might be formed from toluidine by first adding 
to its composition C;H, by substituting allyl for hydrogen, thus 
forming allyl-toluidine, and then removing 2 hydrogen atoms and 
adding 2 atoms of oxygen, thus: 


CH; 
2 CoH, 


NH(C;H;) + 30 = + H.O 
(quinine) 


Allyltoluidine, prepared by the action of allyl iodide on toluidine, 
was converted into a salt and treated with potassium bichromate ; 
no quinine was formed, but only a dirty reddish-brown precipi- 
tate. Unpromising though this result was, I was interested in 
the action, and thought it desirable to treat a more simple base 
in the same manner. Aniline was selected, and its sulphate was 
treated with potassium bichromate; in this instance a black 
precipitate was obtained, and when this was digested with 
methylated spirit a mauve colouring matter was extracted. 


This material, later termed “aniline purple,” and 
“mauve” by French technologists (who actually were 
the first to realize fully its technical value), was soon 
found to have dyeing properties, for example, on silk. 
Samples were sent to Messrs. Pullar of Perth. The 
reply (June 12, 1856) was not long delayed: 


If your discovery does not make the goods too expensive, it is 
decidedly one of the most valuable that has come out for a very 
long time. This colour is one which has been very much wanted 
in all classes of goods, and could not be obtained fast on silks, 
and only at great expense on cotton varns. I enclose you a pat- 
tern of the best lilac we have on cotton—it is dyed by only one 
house in the United Kingdom, but even this is not quite fast and 
does not stand the tests that yours does, and fades by exposure 
toair. On silk the colour has always been fugitive; it is done with 
cudbear on archil and then blued to shade. 


Perkin is an embarrassing subject for a biographer. 
He gets along so quickly and yet we must pause awhile 


* The conceptions of molecular structure and isomerism were 
not unknown but were definitely unfamiliar. If a substance 
could be synthesized which would have the same empirical molec- 
ular formula as a natural product, it probably would prove to be 
identical with it. This seems strange doctrine to emanate from 
one whose classical studies of the substituted ammonias proved to 
be a pillar of structural theory. 
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to note some remarkable and novel features of this 
work. In the first place, although attracted by crystals, 
he perceived a possible interest in material that could 
not be fully purified. This was an original conception 
and indeed it has been wittily remarked that the prog- 
ress of the dyestuff industry has been greatly retarded 
by the liberal use of animal charcoal. Hofmann was 
probably the first to make rosaniline when in 1858 he 
studied the interaction of aniline and carbon tetra- 
chloride, but he regarded the substance as an impurity 
to be removed as it was of no significance in relation to 
the research objective. 

Perhaps Perkin’s artistic side helped him, and here 
we may listen to Professor A. H. Church: 


... Perkin and I soon found we had several interests in com- 
mon. We were both given to painting and were amateur sketch- 
ers. I was introduced to his home at King David’s Fort and we 
began painting a picture together.... I remember the epoch- 
making experiment in which mauve was first discovered. He 
repeated it in my presence for my particular benefit. I distinctly 
recollect strongly urging him to patent his invention. 


The incident displays Perkin as the ideal opportunist 
discoverer; he looked for one thing and found another 
and quite different thing. 


DEVELOPMENT OF THE DISCOVERY 


But what distinguishes this youth of just 18 from all 
his contemporaries and predecessors was the extremely 
energetic and courageous manner in which he developed 
his discovery. I must repeat what I have already said 
elsewhere that he seems to have been inspired by a sense 
of mission. It made him act contrary to his inclinations 
as proved by his later years, contrary to the tradition of 
his training and contrary to the advice of his seniors. 

Formidable obstacles barred his way and the enter- 
prise did not appear likely to succeed. Yet he en- 
listed the willing and most useful help of his elder 
brother Thomas Dix Perkin, who abandoned his own 
career as an architect in order to help William. Sim- 
ilarly, his generous and courageous father risked most 
of his capital, accumulated in a life of considerable toil, 
in order to launch the venture. 

Further tests were made with a few ounces of aniline 
purple made in the early summer with the help of 
Thomas, and a patent was taken out which was the 
first ever granted for the manufacture of a synthetic 
dye. (Dyeing Fabrics: E. P. 1,984, August 26, 1856.) 


The nature of my invention consists in producing a new colour- 
ing matter for dyeing with a lilac or purple colour stuffs or silk, 
cotton, wool, and other materials in the manner following: 

I take a cold solution of sulphate of aniline, or a cold solution 
of sulphate of toluidine, or a cold solution of sulphate of xylidine, 
or a cold solution of sulphate of cumidine, or a mixture of any 
one of such solutions with any others or other of them, and as 
much as a cold solution of a soluble bichromate as contains base 
enough to convert the sulphuric acid in any of the above men- 
tioned solutions into a neutral sulphate. I then mix the solu- 
tions and allow them to stand for 10 or 12 hours, when the mix- 
ture will consist of a black powder and a solution of a neutral 
sulphate. I then throw this mixture upon a fine filter, and wash 
it with water till free from the neutral sulphate. I then dry the 
substance thus obtained at a temperature of 100°C., or 212°F., 
and digest it repeatedly with coal-tar naphtha, until it is free 
from a brown substance which is extracted by the naphtha. 
Any other substance than coal-tar naphtha may be used in which 
the brown substance is soluble and the colouring matter is not 
soluble. I then free the residue from the naphtha by evaporation 


and digest it with methylated spirit, or any other liquid in which 
the colouring matter is soluble, which dissolves out the new 
colouring matter. I then separate the methylated spirit from 
the colouring matter by distillation, at a temperature of 100°C. 
or 212°F. 


Perkin made early efforts to apply aniline purple to 
cotton but these were not immediately successful. The 
shades obtained with known mordants were pale and as 
an agent for the printing of calico the new dye suffered 
from a comparison with madder purple in respect of its 
fastness to hypochlorite. 

As Perkin himself remarked, the results were not so 
encouraging as could be wished. He nevertheless de- 
cided to back his opinion that the discovery was impor- 
tant technically as well as scientifically. He placed his 
case before Hofmann as late as October, showed him his 
dyed samples, and informed him that he would be 
leaving the Royal College of Chemistry. His teacher 
appeared almost annoyed and did his best to dissuade 
a favorite pupil from a false step that might ruin his 
career. 

The matter is mentioned in praise of Perkin for his 
steadfastness and not in disparagement of Hofmann, 
who was certainly right to speak as he did and, on the 
known facts, could hardly have expressed a different 
opinion. 

Perkin then continued his experiments and made 
analogous colors from toluidine, xylidine, and cumidine. 
Fresh quantities were taken to Messrs. Pullar who, 
however, could only give a firm indication of the advisa- 
bility of manufacture, if printers as well as dyers would 
make use of the dye. In January, 1857, Pullar advised 
Perkin to consult Thomas Keith, a silk dyer of Bethnal 
Green, London, and this was a fortunate suggestion 
because Perkin now received the green light signal to go 
ahead. 

It was at this stage that he was joined by his father 
and brother and the firm of Perkin and Sons was 
founded. The building of works at Greenford Green, 
near Harrow, commenced in June, 1857, only a year 
later than the first trials of aniline purple in Scotland. 
Within six months aniline purple (also called Tyrian 
purple) was in production and was used for silk- 
dyeing in Keith’s establishment. The rapidity of the 
development was doubtless partly due to Perkin senior’s 
experience in the building trade and to Thomas Per- 
kin’s marked aptitude for business—a strong combi- 
nation. 

It was not at all easy to find a site for the works and 
at one time the Perkins contemplated migration to 
Glasgow or Manchester. Eventually, Hannah Harris, 
the licensee of ‘“The Black Horse,” an inn which still 
stands, offered a field of six and a half acres on the 
condition that no second licensed house must be opened 
on the land. As Perkin was a total abstainer, on strong 
principle, this condition was even welcome. 

The site had good water and rail transport facilities. 
A part of it still has a notable chemical connection. The 
firm of Glaxo Laboratories Limited has premises in the 
immediate neighborhood and at the present time uses 
“The Cottage,” a seventeenth century house, for the 
daily lunches of directors and managers. Perkin used 
the same premises for the entertainment of visitors, 
especially those from abroad. 

Very soon a better dyeing process was devised using 
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a hot soap bath and this greatly improved the purity 
and evenness of the shades produced. 

Throughout the early stages of development Perkin 
gave customer service, personally visiting dye-houses, 
for example, Bradford for wool, and whenever difficul- 
ties emerged or desirable improvements were indicated. 
He was the pioneer of sales service in the synthetic 
chemicals industry. 

The French patent proved invalid due to a technical 
error in filing it and aniline purple was soon produced in 
France, termed Mauve’ and widely used for both silk 
and cotton. This stimulated the British users and de- 
mands for the dye soon outstripped production at 
Greenford Green. Perkin and Sons were able to pur- 
chase additional nitrobenzene from the firm of Simpson, 
Maule, and Nicholson, who had soon followed Perkin’s 
example and later undertook the manufacture of 
aniline also. 

The final stage was the discovery of a dyeing process 
dependent on the mordanting of cotton cloth by means 
of tannin and a metallic oxide. For calico-printing 
Perkin and Grey had patented a process of printing on 
a lead salt, conversion of this in situ to a lead soap and 
dyeing in a soap bath. This was largely superseded by 
the tannin method and by one using aluminium arsenite. 

These examples will show how much attention Per- 
kin devoted to the technique of application of his new 
dye. Many of his methods were used later in the more 
general field of the brilliant basic dyes which quickly 
followed mauve. 

On the chemical engineering side, Perkin and Sons 
were the first to use iron vessels for such operations as 
the nitration of benzene. This stage, and also the re- 
duction, gave a great deal of trouble owing to sudden 
rises of temperature resulting in a number of explosions. 
Perkin comments that neither he nor any of his associ- 
ates had any experience of chemical works but adds 
that this proved unimportant because “the kind of 
apparatus required and the character of the operations 
to be performed were so entirely different from any in 
use that there was little to copy from.” 

Very quickly Perkin and Sons received the sincerest 
form of flattery and many new dye-manufacturing firms 
sprung up both in Britain and on the continent. Mauve 
was soon outmoded by more brilliant, if not by faster 
colors, and its last use was to color the lilac 1d. postage 
stamps issued in 1881. 

The Greenford works moved with the times and con- 
tinued to prosper. Perkin and Sons made limited 
quantities of magenta, using their own mercuric nitrate 
method. However, they had more success with the 
alkylated dyes first made and studied by Hofmann. 
The necessary use of alkyl iodides led Perkin to try 
other methods and a very beautiful series of violets, 
the Britannia Violets, was made by heating rosaniline 
hydrochloride with brominated turpentine in methyl 
alcoholic solution under pressure. This was patented 


' The word mauve means mallow in the French language and 
was introduced in France where the Empress Eugénie is credited 
with starting a fashion so enthusiastically followed that it led to 
the expression “‘mauve mania.’’ Punch called it ‘mauve measles,”’ 
a serious symptom being an outbreak of ribbons about the head 
and neck. The disease was very catching. The best treatment 
was amputation of pin-money and total abstinence from flower 
shows and bonnet shops which were infected places. The music 
hall policeman is reported to have said: ‘Nah then—mauve 
on,’ surely the height of fame. 


VOLUME 34, NO. 2, FEBRUARY, 1957 


in 1864. Subsequent work showed that the alicylic 
residue of the terpene was not introduced into the dye- 
molecule. The process was simply a good method for 
N-methylation. On treating Britannia Violet with 
acetyl chloride, a violet and a green compound were 
produced; the former could be removed because it 
proved to be much the stronger base forming soluble 
salts. The green dye, Perkin’s Green, was of value. 
Its manufacture led to the use of two more research 


“reagents on a large scale, phosphorus trichloride and 


acetyl chloride. It should be mentioned that Perkin 
and Sons made mixtures for the ready production of 
aniline black on the fiber and by means of new proc- 
esses a series of lakes for wallpapers and inks. 

The success of another entirely new enterprise rein- 
forces the claim that Perkin was a pioneer of the indus- 
try of synthetic organic chemicals. He solved the 
problems of the separation of anthracene and its con- 
version into artificial alizarine on an industrial scale.* 

In 1873 the demand for artificial alizarine had be- 
come so great that extension of the works was seen to 
be necessary. Moreover, modernization was essential 
in order to meet the increasing competition from Ger- 
man manufacturers. One suspects that Perkin always 
had the intention to return to pure scientific work and, 
being a man of modest requirements, he found that his 
means were such as to make the project of quasi- 
retirement feasible. A small part may have been 
played by his dislike of the litigation arising from his 
patents. Shall I be censured if I venture to suggest 
that it is also possible that Perkin already realized that 
the circumstances in Germany provided the ideal 
conditions for the most rapid development of this in- 
dustry, the first not merely to be founded on research, 
but needing to be continually vitalized by research. 
At any rate, the time for decision had arrived; he made 
it, and completed the sale of Greenford Green Works in 
1874. The purchasers were Messrs. Brooks, Simpson, 
and Spiller, successors of Messrs. Simpson, Manle, and 
Nicholson. They did not stay long in the saddle but 
soon transferred the works to Messrs. Burt, Bolton, and 
Hayward, who removed the manufacture to Silvertown 
where “The British Alizarin Company” was formed. 
At the present time, this activity, carried out at Old 
Trafford, Manchester, forms part of the complex of 
Imperial Chemical Industries Ltd. 

No such thread runs through the manufacturing his- 
tory of basic dyes but all the same the successful pro- 
duction of aniline on a larger scale was the necessary 
precursor of the introduction to commerce of magenta 
and many other dyestuffs discovered later and up to the 
present time. 

Taking this line of argument a little further, it may 
be doubted whether the service rendered by Perkin is 
sufficiently appreciated outside the ranks of dye manu- 
facturers and dye users. There is a tendency to forget 
his accomplishment in admiration of the magnificent 
work of later pioneers in the industry of the transforma- 
tion of materials. On the other hand, we must not 
claim too much. Faraday is not usually regarded as 
the father of television, though a case could easily be 
made out to justify that description. But just as all 


6 Eprror’s Nore: Readers are referred to the article by Louis 
F. Fieser, Discovery of Synthetic Alizarine.’’ JouRNAL 
7, 2609 (1930). 


57 


q 


electricians do honor to Faraday, so all applied chemists 
should honor Perkin as the founder of the first industry 
of organic synthetic chemicals. 

Half a century ago he was most worthily honored at 
the Coal-tar Jubilee in New York, and our records show 
how deeply felt was his appreciation of the tributes paid 
to him personally on that occasion. Now, after another 
fifty years, our estimate of his greatness is undimin- 
ished, and we are in a still better position to realize how 
great is the debt of gratitude we owe to a man who was 
one of the great pioneers of the chemical industry, a 
man who traveled straight toward the light that broke 
on the horizon. 
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A NOMOGRAPH FOR CORRECTION OF BOILING 


POINTS 


F’or laboratories which are located at any appreciable 
elevation above sea level the correction of boiling points 
because of decreased atmospheric pressure is frequently 
a bothersome chore. As an example, most organic 
chemistry laboratory manuals are written for low- 
landers, and the cuts to be taken during fractionation of 
a sample at high altitudes are not those given in the 
laboratory manuals. 

There are rather complex functions and nomographs 
available for the correction of boiling points, such as 
that of Hass and Newton,? but for most purposes the 
correction is not needed to an extreme degree of ac- 
curacy. Further, the data for normal boiling points are 
usually not sufficiently reliable to make highly accurate 
corrections advisable. 

A suitable beginning for the correction is the Clapey- 
ron equation in its differential form, where AH is the 
heat of vaporization of the liquid at its normal boiling 
point 7,, and R the gas constant. 


4HP 


aT ~ RTS (1) 


1 Presented before the Division of Chemical Education at the 
129th Meeting of the American Chemical Society, April, 1956. 

? Hass, H. B., anp R. F. Newron, “Handbook of Chemistry 
and Physics,” 36th ed., Chemical Rubber Publishing Co., Cleve- 
land, 1954, p. 2119. 
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If the equation is assumed to hold for finite changes, 
then 

RT} 
AHP 


If Trouton’s rule holds, then C’ = AH/T, in the above 
equation, gives 


AT = AP (2) 


CP AP = CT,AP (3) 
When the temperature is expressed in degrees absolute 
Kelvin and P in mm. of Hg., then C is 0.00012 for nor- 
mal nonassociated liquids (Trouton’s constant 21 cal. 
mole/°K.), and 0.0010 for associated liquids (Trouton’s 
constant 25 cal./mole/°K.).* Associated liquids are 
those like water, alcohols, and organic acids, which con- 
tain groups which are capable of hydrogen bonding. 
Usually the temperature is expressed in centigrade dv- 
grees and the change in pressure in mm. of Hg. 


At = C(273 + t)(760 — P) (4) 


The range of variables to be chosen depends on the 


location and needs of the user. For our illustration we 
have chosen ¢ between 30° and 230°C. and P betwecn 


3 GuassTONE, S., ‘Textbook of Physical Chemistry,” 2nd 
D. Van Nostrand Co., Inc., New York, 1946, p. 458. 
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760 mm. and 600 mm. This range of temperatures in- 
cludes the great majority of compounds which can be 
distilled without decomposition, and the pressure range 
includes locations up to one mile, or slightly higher. 
Using variables between these limits a nomograph can 
be constructed by standard methods.‘ The tempera- 
ture change axis At will have two scales, since there 
are two values for the constant C. 

It is of course not true that equation (4) will hold for 
such low pressures as we have assumed, and so the 
temperature corrections calculated by equation (4) will 
be incorrect at the lowest pressures. 

To get around this difficulty we proceed empirically. 
The actual boiling points of about ten each of asso- 
ciated and normal liquids were compared with the 
boiling points determined by use of the nomograph. 
(In a few cases the boiling points were calculated by use 


4 Lenoczxy, P. N., “Alignment charts, their construction and 
use,” Ohio State Univ., Engr. Expt. Station, Circular No. 34, 
rev. ed., (1947). 


230 
L220 
L210 
p-cymene at 673mm: 


= 170°C 


- 60 
SO 


L 40 © 
AT 94, 


Figure 1. Nomograph for Boiling-Point Correction to 760 mm. 


of the integrated Clausius-Clapeyron equation, using 
the actual value for heat of vaporization instead of the 
value assumed by Trouton’s rule.) It is now possible 
to make a graph of the actual boiling-point corrections 
against the figures obtained from the nomograph. Now 
the calibrations on the ¢ scale are erased and the average 
actual values substituted instead. The result is shown 
in Figure 1. The use of the nomograph is illustrated by 
the two examples. The corrections are accurate to 


_ about +0.3° at the lower pressures. 


A useful variation of the nomograph is possible when 
it is to be used at constant pressure. For example, at 
Golden, Colorado, the pressure is almost always within 
5 mm. of 617 mm. Figure 2 shows the boiling-point 
corrections at 617 mm., obtained from the nomograph. 
To use the chart one need only connect the normal boil- 
ing point (on the two outside vertical lines) to obtain 
the boiling-point correction for associated and normal 
liquids on the two vertical lines in the middle of the 


figure. 
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ERRORS IN QUANTITATIVE TRACER STUDIES 


Ix rEcENT years isotopic tracer techniques have found 
an increasing number of applications to investigations 
of organic reactions where these are involved in chem- 
ical, physical, biochemical, and other types of studies. 
Therefore, any principles bearing on the accuracy of 
quantitative tracer studies of organic reactions may be 
of interest to scientists in various fields of research. 

A number of reviews which discuss the applications 
of isotopic tracers to organic chemistry are available. 
These adequately explain the techniques of analyzing 
mixtures of labeled compounds, measuring reaction 
yields, tracing labeled atoms through reactions, esti- 
mating rates of exchange reactions, studying reaction 
mechanisms by measuring extents of isotope fraction- 
ation, etc. For some purposes only qualitative an- 
swers are demanded of tracer studies. For example, 
the question as to whether or not the hydrogen atoms 
of acetone exchange at all with those of water in aqueous 
solution under specified conditions can be given a yes 
or no answer after a relatively crude tracer experiment. 
More frequently, however, the results of tracer studies 
must be quantitative or at least semiquantitative to be 
of value. For example, the analysis of a mixture of 
labeled compounds is often expected to reveal the 
amount of one or more components present with less 
than 1% analytical error. The present paper deals 
with a definite type of error which can occur in the 
latter type of experiment. 

In a recent communication! the possibility was 
stated that an apparent “reverse isotope effect’? might 
have been caused by the fact that the carbon-14 labeled 
reagent used had been diluted with the corresponding 
nonradioactive compound after synthesis. It was 
pointed out! that such errors could also appear in other 
types of tracer experiments employing isotopically- 
labeled compounds diluted after synthesis. If these 
sources of error seem obvious to some users of isotopic 
tracers, they may not be so obvious to others who make 
only occasional application of tracer techniques. It 
appears that such sources of error deserve more empha- 
sis than they have so far received in the literature, 
particularly in their applications to tracer studies 
using labeled organic compounds. Therefore an at- 
tempt has been made here to illustrate with several 
hypothetical examples the ways in which this type of 
error might appear during the application of several 
isotopic tracer techniques commonly applied to organic 
reaction studies. Experimental conditions which have 
a reasonable probability of occurring in practice have 
been assumed. Some general methods of preventing 


1 Ropp, Gus A., J. Chem, Phys., 23, 2196 (1955). 
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Examples Resulting from Isotopic 
Dilution After Synthesis 


GUS A. ROPP 


Oak Ridge National Laboratory, Oak Ridge,’ 
Tennessee 


such errors are discussed, but the important point is 
that the possibility of these faults should not be lost 
sight of among the complexities of tracer studies of 
organic reactions. 

It may be assumed that a reaction of which a tracer 
study is being made is: 


(a) 


where both the reactant R and the product P are iso- 
topically labeled; that is to say, that perhaps 1% or 
fewer of the molecules of these compounds contain 
distinguishable isotopes. 
to be synthesized by a series of organic reactions of 
labeled compounds: 


(s) 


For practical reasons the procedure often followed is to 
carry out the synthetic series (s) using only a few milli- 
moles of G and ending with a few millimoles of R. Quite 
frequently the intermediates H and J are not isolated. 
Then R is recovered from the small-scale product mix- 
ture after dilution with ten to one hundred times its 
weight of pure unlabeled R which serves as a carrier 
Finally the isotopically diluted R is purified by chemital 
and/or physical methods and used in the study of 
reaction (a). If, in spite of the purification processes 
used, one per cent by weight of G, H or J remains in the 
“purified” diluted sample of R, the accuracy of the re- 
sults of the tracer study of reaction (a) may be jedpard- 
ized. If it is assumed as an illustration that R is di- 
luted by a factor of ten and that 1% by weight of the 
intermediate / is left in R, after dilution and purification 
it is apparent that about 10% of the total activity? in 
any sample of F is present not in the form of labeled & 
but as labeled J. The influence which the impurity / 
can exert on the outcome of the tracer study of reattion 
(a) may be far out of proportion to its per cent by 
weight in the sample of R. The influence may rather 
be more nearly proportional to the per cent of the 
activity of the sample of R which is in the form of the 
contaminant J. In any case the extent of any error 
resulting from the presence of J in R will depend upot 
various factors including the nature of reaction (a), the 
design of the tracer experiment being carried out, and 
the ease of separation of J from R and P. The follow- 
ing is an attempt to estimate what might reasonably be 


2 For simplicity the term “activity’’ has been used throughout 
the present paper to refer to the concentration of tagged mole 
cules. The term “activity’’ applied to tracer experiments ordi- 
narily implies radioisotopic labeling, but the discussions here app]¥ 
equally well to experiments with stable isotope labeling: 
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the magnitude of errors arising from this source when 
the reaction (a) i8 subjected to three different types of 
isotopic tracer studies which are often used in organic 
chemistry, physical organic chemistry, biochemistry 
and elsewhere. The three are: isotope dilution tech- 
nique, rearrangement studies, and rate isotope effect 
studies, and during each of the three discussions the 
reactant R# is assumed to contain—as a result of the 
ten-fold isotopic dilution after synthesis—10% of its 
activity in the form of J as described above. 


ISOTOPE DILUTION TECHNIQUE 


The application of the isotope dilution principle in its 
various forms to the analysis of mixtures and determi- 
nation of reaction yields has been explained many times 
in the literature. We may assume that reaction (a) is 
being studied using labeled R to determine the per cent 
yield of P and that the true yield of P from R is 80%. 
To take a hypothetical example we may suppose that 
reaction (a) whose actual yield is 80% under the con- 
ditions used is the condensation of malonic-2-C™ acid 
with benzaldehyde. The product (P) would, therefore, 
be labeled cinnamic acid: 

O 


COOH pyridine 
CH, + C.H;C (a’) 


> 
(R) C,H;CH=—C“H—COOH + CO. + 
(P) 


The malonic-2-C' acid would probably be prepared 
using reactions which may be represented as follows: 


Cl, KCN 
C“H;COOH —— CIC"H,COOH —— NC—C'H,—COOH 
(G) (H) (I) (s’) 


COOH H.0 


+ 
NaOH, H* 


CH, 
"COOH 
(R) 


In parallel with the discussion above we shall say 
that this synthesis would be performed at an activity 
level of about 100 ue. per mmole, that the malonic-2-C™“ 
acid would be recovered after 10-fold dilution with the 
c.p. malonic acid, and that even after purification it 
would retain 1% by weight of labeled, undiluted cyano- 
aceticacid (J) which would necessarily still have an activ- 
ity level of about 100 ue. per mmole. Thus the starting 
material (2) to be used in reaction (a’) would contain 
about 10% of its activity in the form of J, labeled 
cyanoacetic acid. The yield study would then involve 
dilution of a sample of the crude mixture produced by re- 
action (a’) containing labeled product P, cinnamic acid, 
any labeled byproducts, and labeled reactant R, malonic 
acid, with 100 times its weight of pure unlabeled cin- 
namic acid. From the 100-X diluted material a small 
sample of pure isotopically diluted cinnamic acid would 
then be isolated and its molar activity, S,, determined 
by assay. Separately, the molar activity of a sample 


Carvin, M., et al., ‘Isotopic Carbon,’’ John Wiley & Sons, 
Inc., New York, 1949, AppendixI. For a review which discusses 
applications of the dilution principle to organic chemistry, see 
flor’ Gus A., anp O. Kenton NEvILLE, Nucleonics, 9, 22 
1951). 
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of the reactant, S,, would also be measured and the 
yield, Y, would be calculated from the equation: 


S, 
¥ = g, (1 + 100) (y) 


The effect of the 1% of undiluted cyanoacetic acid in the 
malonic acid would be to raise S, by about 10% above 
its true value. If now the diluted sample of cinnamic 


- acid were purified in such a way that it contained 


no J, R or other labeled impurity, and the correct value 
were obtained for S,, it is apparent that the caiculated 
yield of cinnamic acid from malonic acid would be 
about 72%, instead of the true value, 80%. 

Such errors in isotope dilution technique actually 
have been incurred during competitive rate studies 
using isotopes, and the care necessary to eliminate these 
errors has been described.‘ The question as to why the 
impurity J could be completely removed from P and 
not completely removed from R must be answered. 
The answer is simply that there are great differences in 
the ease with which various organic compounds may be 
freed of impurities. Liquids are often more difficult to 
obtain pure than crystallizable solids particularly if 
only classical purification methods such as distillation 
are applied. Furthermore, the relative solubilities of 
any impurities as compared with FR on the one hand and 
P on the other would be quite important where recrys- 
tallization is relied upon for sample purification as is 
often the case. It should be reaffirmed here that all 
samples assayed as part of tracer studies should first be 
purified to constant moiar activity. For erystallizable 
solids recrystallization to constant molar activity may 
be the preferred technique. In other cases if two or 
more solid derivatives prepared from R, for example, 
yield on repeated crystallization molar activities which 
agree, it can be said that the molar activity of R is 
known with considerable confidence.’ This procedure, 
which is perhaps one of the best for preventing errors of 
the type described in this paper, is, however, laborious 
and is sometimes neglected. 

Since the origin of errors in the present discussion 
lies in the dilution of R after synthesis and before use in 
a study of reaction (a), a desirable procedure, where it 
can be followed, is to avoid the dilution altogether. 
Thus the synthetic series (s) can sometimes be carried 
out on a 100 to 1000 mmole scale, for example, at the 
activity level desired for the study of reaction (a) so 
that no dilution of R with unlabeled # is necessary. A 
third device may be used in cases where the identity of 
the contaminant J, which is causing an error is known 
or suspected. In such cases the contaminant J present 
in R may be diluted with unlabeled / in the same ratio 
that Ris diluted. Then after purification of R, residual 
I present in R will have relatively little influence on the 
molar activity of R and the source of error will have 
been eliminated. This technique, usually referred to 
as “hold-back carrier” technique, has been applied dur- 
ing certain organic tracer studies,‘ but it can lead to 
difficulties in the separation of pure R from J. 


4 DeWirrt, E. J., C. T. Lester, anv G. A. Ropp, J. Am. Chem. 
Soc., 78, 2101 (1956). 

5 An actual study designed to prove the reliability of one 
method of radioassaying carbon-14 labeled organic compounds 
has been based on this principle. See Cottins, C, J., anp G, A, 
Ropp, J. Am. Chem. Soc., 77, 4160 (1955). 
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Further speculation as to what might actually occur 
during the application of dilution technique to the re- 
action (a’) could be helpful at this point. Malonic 
acid is often purified by crystallization from ether fol- 
lowed by vacuum sublimation. Since malonic, cyano- 
acetic, and chloroacetic acids have similar solubilities in 
water and organic solvents, and since both cyanoacetic 
and chloroacetic acids are more volatile than malonic 
acid, it seems quite possible that malonic-2-C™ acid 
“purified” by this method might retain as much as 1% 
of either or both of the contaminating acids. On the 
other hand, since cinnamic acid is much less water 
soluble than malonic, cyanoacetic, and chloroaceticacids, 
it should be more readily freed from contamination by 
the other acids. It might, therefore, be possible that 
S, determined by assaying the malonic acid could be 
high by 10% while S, obtained by assaying the cinnamic 
acid after dilution could have the correct value with the 
result that the calculated yield of cinnamic acid could be 
low by 10% of its value. Whether or not a more 
accurate value of S, could be obtained by preparing and 
assaying derivatives of malonic acid would depend upon 
the facility of separation of the derivatives chosen from 
the corresponding derivatives of the contaminating 
acids. The preferred reagents for forming such deriv- 
atives of the malonic acid would be those, if any, which 
would not at the same time react with cyanoacetic or 
chloroacetic acid. 

In the foregoing account of the introduction of an 
error during the processes of synthesis of R and study 
of the yield of reaction (a) by isotope dilution technique, 
only the error due to 10-X dilution of R after synthesis 
and the consequent effect on the molar activity of R 
were considered. In other cases it is possible that, 
because of the 100-X dilution of P during the yield 
determination, an even larger error effected in the 
molar activity of P might cause a proportionately 
larger error in the yield, Y, since greater dilution ratios 
would tend to produce errors of greater magnitude. 


REARRANGEMENT STUDIES 


Molecular rearrangements during reactions of organic 
compounds are often readily followed with the aid of 
isotopic carbon labeling.* The present discussion can 
be facilitated by use of a simple example based on an 
actual rearrangement study.® 

Ethylbenzene-a-C' rearranges under definite con- 
ditions as indicated by the equation: 


AIC]; 
CeH;C 14H.CH; 14H, (r ) 


The extent of rearrangement under given conditions 
may be measured by comparing the initial molar 
activity of the ethylbenzene-a-C' used with the molar 
activity of benzoic-a-C"™ acid formed by degradation of 
a sample of the rearranged hydrocarbon according to 
the following equation which is used for brevity and is 
not intended to imply that there are two carbon-14 
atoms in one ethylbenzene molecule: 


Roperts, R. M., G. A. Ropp, anp O. K. J. Am. 
Chem. Soc., 77, 1764 (1955). In the present paper the sources 
of error assumed in connection with this work are purely hypothet- 
ical. Such errors were not observed in practice where the ap- 
proach to the rearrangement study was somewhat different from 
that hypothesized here. 
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oxidation 
(d) 


The molar activity of the benzoic-a-C" acid is used as 
a measure of the amount of “unrearranged”’ ethylben- 
zene-a-C'* since labeled atoms from the methyl group 
are cast off as carbon dioxide. The ethylbenzene- 
a-C!4 used in the study can be prepared by a reaction 
series which may be represented in outline form as: 


CH. 
CH,C“OOH CH,C“0C,H; ——> 
p 


It so happens that the intermediate acetophenone- 
a-C'4 may be oxidized under the conditions of reaction 
(d) to form the same product, benzoic-a-C™ acid: 


oxidation 
CH;C“OC,H; ——————> C, H;C “OOH (d’) 


We may now assume, as explained earlier, that the 
synthesized ethylbenzene -a-C" is isolated after 10-X 
dilution with unlabeled ethylbenzene, and that the 
“purified” sample of the labeled hydrocarbon contains 
1% by weight of acetophenone-a-C*4 so that about 10% 
of its activity is actually present as acetophenone-a-C™. 
Also we may assume at first that acetophenone-a-C' 
does not rearrange under the conditions used in reaction 
(r). Then if the true per cent rearrangement in a given 
experiment is 50%, it is readily seen that the extraneous 
activity in the benzoic-a-C' acid derived from the 
acetophenone-a-C" could result in a measured per cent 
rearrangement of only about 45%. In a similar study 
performed in an analogous manner by using synthesized 
ethylbenzene-6-C™ and measuring the degree of rear- 
rangement as proportional to the molar activity of the 
derived benzoic-a-C™ acid, still more drastic errors 
might obtain. Thus if acetophenone-8-C™ should 
undergo skeletal rearrangement to the extent of 50% 
under the conditions of reaction (r): 
C,H;COC"“H; C.H;C“OCH; 
or 

cath unspecified oxidizable product) 


a measurement of the molar activity of the benzoic- 
a-C™ acid produced might indicate a degree of rear- 
rangement up to about 4.5% under conditions where, 
in fact, no rearrangement of the ethylbenzene-s-C" 
occurred at all. 

The possible errors so far discussed were based on an 
assumed dilution factor of 10 X and on the presence of 
1% of the intermediate J in the reactant R. In prac- 
tice, dilution ratios of 100 X are sometimes used as has 
already been mentioned in the section devoted to iso- 
topic dilution technique. With a 100-X dilution 
rather appreciable errors so far estimated could be 
caused by the presence of only one-tenth of one per cent 
of I remaining in R. 


ISOTOPE FRACTIONATION STUDIES 


In much the same way as in yield studies and rear- 
rangement studies, results of investigations of isotope 
effects on reaction rates’ may in some cases be ques- 


7 For a discussion of the purposes and methods of raté isotope 
effect studies, see SeMENow, D. A., and J. D. Rosperts, J. CHEM: 
Epuc. 33, 2 (1956): Ropp, Gus A., Nucleonics, 10, 22 (1953). 
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tionable if the reactants were recovered after synthesis 
with the aid of isotopic dilution. st ma 


Intermolecular isotope effects are usually reported 
k/k*, the ratio of specific rates of reaction of the un- 
labeled and labeled molecules determined in experi- 
ments involving competition between the two isotopic 
species. Usually the ratio, k/k*, is calculated as a 
function of the ratio, r, of the measured molar activity, 
Si, of the reaction product at partial reaction (often 
about 10% reaction) to the measured molar activity, 
Sio, of the product at 100% reaction. Any influence 
which causes a deviation of either one of Sj or Sioo from 
its true value without at the same time altering the 
other proportionately will result in an erroneous esti- 
mate of the ratio k/k*. With the exception of hydrogen 
isotope effects, this ratio of specific rates usually lies 
between 1.0 and 1.1. Consequently extremely accurate 
estimates of molar activities are needed if isotope effect 
ratios and variations in these ratios are to be reported 
with confidence. It is apparent that errors of similar 
magnitude to those already discussed as possible in 
isotope dilution technique and rearrangement studies 
cannot be tolerated in experiments which seriously 
attempt to evaluate k/k* ratios quantitatively. 

During a study of the value of k/k* in the reaction 
(a) we may assume as an example that the impurity J, 
originally carried as a 1% contaminant in R, tends to 
adsorb preferentially and completely on the product P 
and to remain adsorbed on P throughout “purification” 
of samples of P. In an extreme case it is seen that 
Sioo could be altered by about 10%, that Si. might be 
altered as much as 50%, and that r could be in error by 
perhaps 30% or 40% of its value. Improbable as such 
an extreme case may be, it is not difficult to believe 
that an apparent “reverse isotope effect’’ equivalent to 

= 1.01 tor = 1.10 might arise in a similar way during 
studies of a reaction having a true value of r = 1.00. 
On the other hand, should J tend to remain preferen- 
tially adsorbed on R as long as any of R remained and to 
adsorb on P in the absence of R, a false “‘normal isotope 
effect” having a value equivalent to, perhaps, r = 0.90 
might result in the limiting case. Again, although this 
extreme is improbable, it seems quite reasonable that 
inaccurate estimates of the value of some “normal iso- 
tope effects’ might be brought about in this manner. 
Simply recrystallizing the products repeatedly—a proc- 
ess sometimes relied upon for purification in such 
studies—may fail in some instances especially if the 
impurity is slightly less soluble than the parent com- 
pound. Under some circumstances, even recrystal- 
lization to constant molar activity might not lead to 


products with the necessary radiochemical purity. In 
rare cases! the impurity 7 might react under the con- 
ditions used for reaction (a): 


I—P’ (b) 
If now reaction (b) were faster than reaction (a) and if 


separation of P’ from P were difficult or for any reason 
incomplete, an apparent ‘‘reverse isotope effect”? might 


again result. Under these circumstances Sj could 


appear to be greater than Sjoo if, after ‘‘purification”’ of 
the reaction products, a higher percentage of the im- 
purity P’ remained in the product of partial reaction 
than in the product of 100% reaction. 

In a few intermolecular isotope fractionation studies, 
the degree of isotope fractionation has been calculated 
from the ratio, r’, of Sio to the molar acivity of the re- 
actant R. While this is sound in principle, it could very 
well tend to increase the probability of errors caused by 
dilution of R after synthesis since any contaminant J 
would not likely be retained to an equal extent in ‘‘puri- 
fied’ samples of two different compounds. In general, 
errors due to contamination by J might more likely 
cancel out if r were calculated as the ratio of the molar 
activities of two samples of the same compound, P. 


CONCLUSIONS 


The hypothetical cases give here, which are merely 
intended to illustrate how errors might occur in a few 
typical tracer experiments, obviously cannot demon- 
strate all the various experimental combinations which 
might lead to such errors. It remains for every experi- 
menter to examine critically the design of his tracer 
experiments with a view to eliminating such flaws. 

Errors such as those described here might also arise 
during studies of isotopic exchange rates as well as in 
some types of biochemical tracer experiments. Indeed, 
certain biological and biochemical tracer experiments 
may be even more susceptible to these faults than the 
chemical studies discussed above. 

Possibly the literature may contain, inaccurate data 
introduced from such sources as those described here. 
In particular, some isotope fractionation studies might 
be questioned on some such basis.’ In any case, the 
practice of isolation of labeled compounds with the aid 
of dilution after synthesis should be handled with due 
consideration of the possible pitfalls in the tracer ex- 
periments employing the diluted samples. 


8 For an example of what appears to be an erroneously reported 
equilibrium isotope effect arising from causes like those described 
here, see Sarro, E., anp B. Lazarp, J. Inorganic and Nuclear 
Chemistry, 218-27 (1955), Pergamon Press Ltd., London. 


“|... What is not so clearly understood or emphasized in the current welter of discussion 
about education, what we tend to back away from in this century of the common man 
is uncommonness—the issue of quality and excellence that is the common denominator 
of all cur educational problems; the problem of how we achieve education, as we must, 
for the masses of our people and yet find ways to de-mass it so that the dignity and 
talents of the individual of high as well as average gifts can be most fully cultivated.” 


—From an address by James R. Kian, President of Massachusetts Institute of 
Technology, at the dedication of research facilities of the National Carbon Company. 
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HYDROCARBON OXIDATION 


A vast amount of work has been done in the field of 
oxidation, a field intimately associated with free radical 
chemistry; furthermore, many researchers are now 
actively engaged in this field. The interaction of 
oxygen and hydrocarbons is, of course, of vital interest 
to petrochemical companies, and it is expected that 
the future will see more and more successful commercial 
applications of these oxidation reactions. It is again 
intended that the few leading references presented here 
will enable the interested student to probe the litera- 
ture more deeply. 

Basically the course of low-temperature? hydro- 
carbon oxidations is the same in the liquid- and vapor- 
phase reactions. There is ample evidence that hydro- 
peroxides are formed as intermediates and that alkyl- 
peroxy and alkoxy radicals participate in the reaction 
mechanism (67). The over-all mechanism may be 
pictured simply as a free-radical chain reaction (equa- 
tions (135) to (140)). The autocatalytic nature of the 

Initiation 


H ———— R: (or RO.H RO- + -OH) (135) 


fast 
R- + 0. —— RO.:- (136) 


RO;- + RH RO.H + (or RO- + RH ——— 
ROH + R-) (137) 


RO.- + RO.- —) termination reactions leading (138) 
R- + R- ——>? to nonradical products (139) 
R- + RO.- — (140) 


reaction is due to the production of the intermediate 
hydroperoxide which breaks down to initiate and 
propagate new chains as shown in (135) and (137). 
Under sufficiently high oxygen concentrations, termi- 
nation proceeds principally by path (138) since reac- 
tion (136) is an exceedingly fast reaction and RO,- 
radicals are the only species which build up any sensible 
concentration. By choice of low temperatures and 
conversions, it has been possible in many cases to 
isolate hydroperoxides in good yields. However, in 
many cases and particularly in the vapor phase reac- 
tions at higher temperatures, extensive breakdown of 
the hydroperoxide occurs and the primary reaction 


1 For the first part of this paper, see J. Cuem. Epuc. 34, 10 
(1957). The numbers of equations and literature cited follow 
consecutively those assigned to the first paper. 

? This is a rather arbitrary range which can be roughly defined 
as 25° to 300°C. 


64 


CHEMISTRY OF ORGANIC FREE RADICALS 
IN THE VAPOR PHASE’ 


II. Reactions of Alkoxy and 
Alkylperoxy Radicals; Energetics 
of Some Alkyl Radical Reactions 


HAROLD E. DE LA MARE and WILLIAM E. 
VAUGHAN 
Shell Development Company, Emeryville, California 


products become those derived from R—O- and 
other secondary radical reactions. 

The utilization of experimental techniques employing 
a series of model aliphatic peroxides (68) enabled the 
formulation of a general mechanistic picture of the 
low temperature oxidation of hydrocarbons, supporting 
the mechanism previously outlined (equations (135) 
to (140)) and in particular elucidating the conversion 
of peroxy radicals to alkoxy radicals and hence to 
primary oxidation products. Figures 1 and 2 are 


RH 
O2 
_ ko: 
— R«- 
ROH+R. ROR 
A 2RO-+0; 


RO- + OH: 2RO- 


RO- 


* Important only at low oxygen concentration. 


Figure 1. Low Temperature Hydrocarbon Oxidation 


R’CH:O-(primary alkoxy radical) 


RH R. RO- 


+ R’CH.OH R’CH;OR R’CHO+ ROH 
+R. or R’CHO 
+ RH 


R’,CHO-(secondary alkoxy radical) 
A RH R.- RO- 
R’CHO + R’- + R- R’,CO + RH R.CO + ROH 
R’;CO-(tertiary alkoxy radical) 
A RH 


R’.CO + R’: R’;COH + R.- 
Figure 2. Alkoxy Radical Reactions 
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presented as shown in the original data since they 
summarize clearly the details of low-temperature 
oxidation. The equations shown in Figures 1 and 2 
are individually supported by experimental evidence 
obtained from controlled experiments with model 
peroxides. Further information relating to alkoxy 
radical stability will be presented subsequently (see 
Peroxides). 

Although aralkyl and olefinic hydrocarbons have 
not been specifically mentioned, they in general are 
oxidized in accordance with the mechanism just out- 
lined. Radical-double bond interactions do, however, 
play an additional role, but since most of the experi- 
mental work has been done in the liquid phase, these 
papers are beyond the scope of this review. 

The high temperature oxidation of isooctane and 


neohexane (69) provide some exceedingly interesting . 


observations consistent with intermediate formation 
of hydroperoxides and the participation of alkyl, alkoxy 
and alkylperoxy radicals. The isolation of cyclic 
ethers, e.g., 2,2,4,4-tetra-methyltetrahydrofuran, is 
consistent with the partial reaction path shown in 
equations (141) to (143). 


CH; H; 
| R-(RO.-) 
CH; 


H; H 
CH; 
| 


| 
RH(RO.H) + (141) 
CH, 4H 
CH; CH; CH; 
CH;—C—-CH.—C—-CH; — CH;— (142) 


H CH, 
\ 
CH, CH, CH; CH; 
(a) | (b) 
CH;—C—CH,—C—CH, —> CH,—C—CH,—C—CH; 


CH, 
\ 
O—OH 

CH;—C—CH; + -OH (143) 


| CH; 
HC CC 
\/ CH: 


Equation (143-a) depicts the formation of the hydro- 
peroxide by, intramolecular abstraction of hydrogen 
from the geometrically favorable tertiary position, 
and (143-b) indicates ether formation by an intra- 
molecular alkyl radical displacement on the peroxide 
linkage. In the latter process the hydroxy] radical is 
displaced and can serve to propagate another chain. 

At the time this high-temperature oxidation of 
isooctane was done, it constituted the first evidence 
for free radical rearrangement in the vapor phase.* 
The isolation of 2,5-dimethylhexane from the oxida- 
tion mixture (after hydrogenation) suggests that the 
primary octyl] radical rearranges to the isomeric tertiary 
radical (see equation (144)). 


‘ Additional evidence has already been presented from vapor 
phase bromination studies. 
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ment of the neopenty! radical. 


CH, CH, CH, 
CH,—C—CH;—CH,—C—CH, 
CH:- H H 


2,5-dimethylhexenes (144) 


In a rearrangement similar to that shown in equation 
(144), 2-methylbutenes are produced from rearrange- 
The latter radical (IV) 
arises from a 8-cleavage reaction of one of two proba- 
ble isoocty] radicals (see equations (145) and (146)). 


CH; CH; CH; 


CH,—C—CH, + 
CH. 
CHs 
CH;—C—CH;- (145) 
CH; CHs CH; 
CH, (nt) — CH;—C—CH:: (IV) + 


CH; H CH, 
CH.—CH—CH, (146) 


It should be noted that most of the products in the 
high temperature oxidation of isooctane can be at- 
tributed to initial abstraction of the methyl hydrogen, 
i.e., formation of radicals II or III. Ordinarily pre- 
dominant attack would have been predicated for the 
weaker tertiary and secondary hydrogens; however, 
these positions are shielded by the peripheral methyls 
in isooctane and, further, the high temperature con- 
ditions would be expected to reduce selectivity. 

For purposes of simplification, little has been said 
about the high temperature oxidation of hydrocarbons. 
Although the evidence clearly substantiates the pres- 
ence of free radical chains, the nature of the inter- 
mediates involved is still somewhat in dispute. It 
has been proposed that the high temperature (70) 
(>400°C.) oxidation of paraffins does not proceed 
through intermediate peroxide formation. 

A series (71, 72, 73, 74, 75) of papers concerned with 
vapor phase homogeneous oxidation of hydrocarbons 
catalyzed by hydrogen bromide provide a significant 
finding in the development of the chemistry of hydro- 
carbon-oxygen interactions. It was demonstrated 
that the oxidation of a large number of hydrocarbons 
could be effected efficiently at relatively low operating 
temperatures in the presence of 2% to 4% hydrogen 
bromide. Thus, ethane was converted to acetic acid, 
other straight-chain hydrocarbons principally to ke- 
tones, and branched-chain compounds to stable per- 
oxides. 

Since the oxidation of a branched-chain hydro- 
carbon such as isobutane illustrates the principles 
basic to all of the oxidations, it will be discussed briefly. 
Tertiary butyl hydroperoxide can be produced in 
yields as high as 75% (based on consumed oxygen) 
from a mixture of isobutane, oxygen and hydrogen 
bromide (10:10:1) under conditions (160°C.) where 
87% of the oxygen is consumed. The principal reac- 
tion path is that shown in equations (147) to (150). 
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CH, H 
O——O.- ) 
+ ROH 
_| 
UCATION = 


HBr + O, — (HO:-?) + Br- (147) 
CH; CH; 3 
cu,—¢_H + Br- = CH, - + HBr (148) 
H; H; 
CH; CH; 
cH,—-0;. (149) 
H; H; 
CH; CH;° 
+ HBr + Br- (150) 
H; Hs; 


The facts are consistent with a free radical chain 
mechanism in which bromine atoms become the prin- 
cipal chain carrier (equation (148)) and hydrogen 
bromide the chief hydrogen donor for stabilization of 
peroxy radicals (equation (150)). It should be em- 
phasized that hydrogen bromide exerts a unique con- 
trolling effect on these hydrocarbon oxidations—no 
other material was found which exerted control of 
anywhere near comparable magnitude. The clean-cut 
character of the hydrogen bromide oxidations is at- 
tributed to (a) high specificity of attack by Br atoms 
(virtually exclusively at the tertiary position in a 
branched chain hydrocarbon) and (b) the excellent 
hydrogen donating properties of HBr which facilitate 
the stabilization of the intermediate peroxy radicals 
via equation (150). 


PEROXIDE DECOMPOSITIONS 


Elucidation of the chemistry and energetics of alkyl 
hydroperoxide and dialkyl peroxide decompositions 
has received considerable attention in the last decade 
(76, 77, 78, 79, 80, 81, 82, 86). The findings have 
done much to stimulate free radical research both in 
the liquid and vapor phase. 

Dialkyl Peroxides. The decompositions of di-tert- 
butyl and di-tert-amyl peroxide in the vapor phase 
have been studied kinetically. The vapor phase 
decomposition of di-tert-butyl peroxide (140°-160°C.) 
is a homogeneous, unimolecular non-chain process 
proceeding with an activation energy of 39.1 kcal. 
(76). The rate determining step is scission of the 
0—0 bond, and the activation energy has been identi- 
fied with the bond dissociation energy of the peroxide 
linkage. The chemistry of the decomposition is 
shown in equations (151) to (153) (76, 81). The 
production of tert-butoxy and methyl radicals is well 
substantiated, and di-tert-butyl peroxide has become 
a widely used radical source. 


CH; CH; CH; 


CH;— 2CH, (151) 
H; H; On, 
CH; 
CH;—C—O0- CH,—C_CH, + CH;- (152) 
H; 
2CH;: — C:H¢ (153) 


All of the literature values for Z,.. in the thermal 
decomposition of di-tert-butyl peroxide fall in the 


. range 36-40 kcal. However, it is of interest to call 


attention to the paper of Lossing and Tickner (78) 
who combined the data of three different investigations 
which had utilized different techniques of measurement 
and operated in different temperature ranges. Table 
1 shows the general agreement of this work; the com- 
posite value was obtained by the conventional plot of 
log k versus 1/T from ~430°K. to ~625°K. 


TABLE 1 

Thermal Decomposition of Di-tert-Butyl Peroxide 
Frequency 

factor 

Investigators (keal./mole) (sec.—') 
Vaughan et al. 39.1 3.2 X 10" 
Szware et al. 36 4-7 X 10" 

Lossing and Tickner 37 aoe 

Composite value 38 x 


The decomposition of di-tert-amyl peroxide is prin- 
cipally a first order, homogeneous reaction (activation 
energy estimated as 37-41 kcal.) (76) but is complicated 
by the occurrence of higher order processes as well. 
The principal products of di-tert-amyl peroxide de- 
composition are acetone and butane (equations (154), 
(155), (156)). 

CH; 


CH;—CH,—C—O— — 2CH;—CH.—C—O.- (154) 
H; 2 H; 
CH; O 
CH,—CH,—C_0. > cu,—C_cH, + CH;—CH:- (155) 


H; 
2CH;—CH,: — CH;—CH:—CH.—CH; (156) 


Although the cleavage of the tert-amyloxy radical is 
principally at the weaker carbon-carbon bond (equa- 
tion (155)) it is not exclusively so and a small amount 
of methyl radical is produced. Thus, as expected, 
methyl ethyl ketone, propane (Me- + Et: —) and ethane 
(2Me-—) are produced in low yield by decomposition 
of di-tert-amy] peroxide in the vapor phase (76, 81). 
Rebbert and Laidler* have investigated the decom- 
position of diethyl peroxide in the vapor phase (200°- 
250°C.) utilizing the toluene carrier method. The main 
products observed were ethane and formaldehyde, 
together with some methane and bibenzyl. The main 
products were explained by the reaction paths depicted 
in equations (157) to (159); methane and bibenzy! 
arise as a result of methyl radical attack on toluene at 


C.H,—O—O—C.:H; 2CH;—CH.—O- (157) 
CH;—CH.—O:- CH;- H.C—0O (158) 
2CH;- — C.H¢ (159) 


the relatively low temperatures involved. First order 
rate constants, based on an assumed stoichiometry, 
were given by the expression, k = 2 X 101% e~31,700/47, 
The activation energy of 31.7 kcal./mole is identified 
again with the 0—0 bond dissociation energy, a value 


4 Ref. (62) in Part I: Reppert, R. E., anp K. J. Laer, J. 
Chem. Phys., 20, 574 (1952). 
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substantially lower than that found with di-tert-buty]l 
peroxide. 

Alkoxy Radical Stability. The relative stabilities 
of a series of alkoxy radicals (83) have been determined 
by decomposing a series of dialkyl peroxides in cyclo- 
hexene as a hydrogen donor (temperature of 195°C.). 
Basically, the competitive paths which an alkoxy radi- 
cal can take under the conditions imposed are (a) 
hydrogen abstraction, (b) carbon-carbon bond rupture 
with concomitant carbonyl formation, and (c) car- 
bon-hydrogen bond rupture with aldehyde formation. 
The relative stability of an alkoxy radical was defined 
by the authors as the ratio of the number of moles of 
alcohol produced (process a) to the sum of the alcohol 
plus the moles of product produced by carbon-carbon 
bond rupture (process b); paths (a) and (b) constitute 
the principal modes of decomposition. A good example 
of this research on alkoxy radical stability is the decom- 
position of isopropyl tert-butyl peroxide. The fate of 
the isopropoxy and tert-butoxy radicals is shown in 
equations (160) to (164) and (165) to (168), respec- 
tively. 

H 


| 
(CH;),C—O- + (cyclohexene) — (CH;),>CHOH + 
CeHy- (160) 


H 
(161) 


CH;CHO —— CH;CO- + RH 


(162) 

— CH;- + CO (163) 

H 

(CH).G_0. (CHy,CO + RH (164) 
(CH,);C—O- + (CH,);COH + CcHy- (165) 
(CH,),C—O- — (CH,),CO + CH,- (166) 
CH,- + CH, + (167) 
2CH,- — C,H, (168) 
CsH»—C,H, (169) 


The observed stabilities of the alkoxy radicals were 
found to follow the order (decreasing stability) 


CH;—O- > CH;—CH.—O- > CH;—CH:;—CH:—CH,—0- 
CH; 


> (CHs),CH—O- > (CH;),CH—CH20- = (CH,),C—0. 
This order of stability was shown to be qualitatively in 


accord with the bond dissociation energies of the car- 


bon-carbon bonds which are ruptured (process b). The 
data clearly show that the tert-butoxy radical is an 
excellent methyl radical source at 195° due to the facil- 
ity with which the carbon-carbon bond rupture occurs, 
e.g., in the cyclohexene environment only 9 moles of 
tert-butyl alcohol were produced compared to 95 moles 


_of acetone. 


Diacyl Peroxides. The kinetics of decomposition of 
several diacyl peroxides have been studied in the gas 
phase by A. Rembaum and M. Szware (84, 85) using 
a flow technique with toluene (or benzene) as the car- 
rier gas at temperatures in the range 100°-250°C. 
The peroxides studied were found to decompose by 
first-order kinetics, and it was concluded that the 
scission of the O—O bond was the rate-determining step 
in the decompositions. The expressions.for the rate 
constants of diacetyl, dipropionyl and dibutyryl per- 
oxides are listed in Table 2 for comparison. Within 
experimental error it was found that the activation 
energy for each of the decompositions was ca. 30 
keal./mole. The activation energy is identified with 
the bond dissociation energy of the 0O—0 bond, and the 
conclusion, therefore, is that structural changes in the 
alkyl radical have essentially no effect on the bond 
dissociation energy of the acyl-type peroxide linkage. 
The basic chemistry of the diacyl peroxide decomposi- 
tions may be represented by the mechanism shown in 
equations (170) to (172). 

O 


oO 
rate determining 
(R—C—O), — 2R—C—O. 


(170) 


O 
( 

R—C—O. + CO, + R- 
R- + R- + R—-R 


In accordance with this scheme, ethane, butane, and 
hexane are the principal hydrocarbon products pro- 
duced respectively from diacetyl, dipropionyl, and di- 
butyryl peroxides. Furthermore, the observed ratio 
of carbon dioxide to decomposed peroxide is roughly 
two in all cases. 

Tert-Butyl Hydroperoxide. The vapor phase decom- 
position of tert-butyl hydroperoxide has been studied 
(86) at 195°, where it was shown to be relatively stable 
(<10% decomposition in a 2-minute residence time). 
However, it was demonstrated that the addition of di- 
tert-butyl peroxide resulted in a markedly accelerated 
chain decomposition, the hydroperoxide losing a hydro- 
gen atom via radical attack (see equation (173)). 


(171) 
(172) 


5 Alternatively, such products might arise directly from 
2R—CO,- R—R + 2CO.. 


TABLE 2 


Vapor Phase Decomposition of Diacyl Peroxides 


Peroxide 


- ky 


O O 
CH;—C 


1.8 X 10" 


2.5 X 10% 


1.9 4 104 e~29,000/RT 


e 
/ 
16 q 
l4 
15 
prin- 
ation 
rated 
well. 
de- : 
H; 
(155) | 
(156) 
al is 
qua- 
ount 
eted, 
hane 
ition 
-0m- 
00°- 
nain 
yde, 
nain 
cted 
nzyl 
le at 
(158) 
try, 
RT 
ified 
alue 
Rm, J. 
TION 
67 


CH; CH; 
+ CH;- CH;—C—O—O- + CH,D 
YH, H, (173) 


The latter process was demonstrated by the isolation 
of methane-D when di-tert-butyl peroxide and tert- 
butyl deuteroperoxide were decomposed in an equi- 
molecular mixture. In the absence of oxygen it was 
established that tert-butyl peroxy radicals and alkyl 
radicals (e.g., ethyl) interact to produce a dialkyl 
peroxide which in turn may undergo O—O bond scission 
to yield two alkoxy radicals (equation (174)). 


CH; CH; 
CH,—C_o,- + C.Hs- > 
On, CH; 
CH; 
CH,—C_o. + CH;—CH,0- (174) 
CH, 


In the presence of oxygen there is no evidence for alkyl 
peroxide formation such as is shown in equation (174), 
rather the alkyl radicals react rapidly with oxygen to 
give alkylperoxy radicals. Thus, when sufficient oxy- 
gen was added to a di-tert-amy] peroxide, tert-butyl hy- 
droperoxide system at 180°C., products characteristic 
of tert-butoxy, ethoxy and methoxy radicals were 
found. It was suggested that alkylperoxy radicals are 
converted to alkoxy radicals (equation (175)); how- 
ever, the exact mechanism of this transformation is still 
unknown. 


(CH;);CO,- + C:H;02- (CH;);CO- + C.H;0- 
175) 


DECOMPOSITION OF NITRITE AND NITRATE ESTERS 


A large number of alkyl nitrites have been decom- 
posed by Steacie® and co-workers who found that all of 
the decompositions were of first order, having Fi = 
37 + 1 keal. The major over-all reaction is that shown 
in equation (176). However, it appears quite certain 
that the primary step is O—N bond cleavage (177). 


2RCH,ONO — 2NO + RCH;OH + RCHO (176) 
RCH:—ONO — RCH.—O- + NO (177) 


Rice and Rodowskas (87) suggested that the primary 
step is followed by radical attack on undecomposed 
nitrite, leading eventually to alcohol, carbonyl and NO 
(equations (178) and (179)). 


CH;—CH:—ONO + CH;—CH:—O- — 


CH;—CH:,—OH + CH;—CH—ONO (178) 


CH;—CH—ONO — = + NO (179) 

The interaction of ethoxy radicals (from diethyl 
peroxide) with ethyl nitrite and with NO has recently 
been investigated by Levy (88). He concludes that 
reaction (180) is much faster than (178) and therefore, 
that reaction (178) is unimportant. It is suggested that 
ethyl alcohol and acetaldehyde are produced princi- 
pally by a disproportionation reaction (181). 


® Ref. (2n) in Part I: Sreaciz, E. W. R., “Atomic and Free 
Radical Reactions,’’ 2nd ed., Reinhold Publishing Corp., New 
York, 1954, Vols. I and IT. 


CH;—CH:—O- + NO — CH;—CH:—ONO 
O 


| 
2CH;—CH.—O- CH;—CH.—OH + CH —CH (181) 


(180) 


The decomposition of ethyl nitrate has been investi- 
gated and found to be a homogeneous first order reac- 
tion (Ex = 39.9 keal.) (89). It was concluded that 
the energy of activation was that required for scission of 
the O—N bond (182). 


C.H;—O—NO. C.H;—O- + NO. (182) 


Secondary reactions were postulated which were similar 
to those proposed for ethyl nitrite. However, in view of 
Levy’s recent work (90), reappraisal of the secondary 
reactions must be made here also. Furthermore, the 
kinetic behavior does not appear to be simple first or- 
der.” Levy has shown that ethyl nitrite is a major 
product of the decomposition of ethyl nitrate (161°- 
201°C.) along with minor amounts of nitromethane and 
methyl nitrite. A mechanism suggested by Levy to ex- 
plain all the facts is shown in equations (183) to (190). 


CH;—CH:—O—NO, = CH;—CH.—O- + NO. (183) 
CH;—CH.—O.- CH;- + CH:O (184) 


2CH.0 + 3NO. 3NO + 2H:0 + CO + CO, (185) 
2CH;- + 7NO. + 7NO + 3H,0 + 2CO, (186) 
CH;- + NO. + CH;NO, (187) 

CH;- + NO. - CH;—O- + NO (188) 
CH;,—O- + NO + CH;—ONO (189) 
CH;CH.—O- + NO — CH,;CH.—ONO (190) 


First order kinetics can be obtained by effecting the de- 
composition of ethyl nitrate in the presence of NO and 
acetaldehyde (k = see nitric 
oxide reacts with ethoxy radicals as rapidly as formed 
(equation 190) and the acetaldehyde destroys the NO, 
formed in the initial scission. 


ENERGETICS OF SOME SIMPLE ALKYL RADICAL RE- 
ACTIONS 


Although a number of activation energies and rate 
constants have been cited throughout this review, it 
would perhaps be instructive to call attention collec- 
tively to the energetics of some lower alkyl radical reac- 
tions in the gas phase, for the most part those of 
methyl. For detailed consideration one should consult 
the review and book by A. F. Trotman-Dickenson (92),* 
and other recent publications (80, 93, 94, 95). A por- 
tion of the data pertaining to the abstraction of hydro- 
gen atoms from alkanes, alkenes, and alkynes by methy| 
radicals has been reproduced in Table 3 from the data 
assembled by Trotman-Dickenson. 

Examination of the data in Table 3 shows that activa- 
tion energies of ~10, 8.2 and <8 are associated with al- 
kanes having only primary,’ primary and secondary, 
and primary and tertiary hydrogens, respectively. Trot- 
man-Dickenson points out that A factors (Arrhenius 
equation, k = Ae~¥*/*T) associated with alkane reac- 
tions such as those listed in Table 3 are approximately 


7 See ref. (91) for recent review of nitrate ester pyrolysis. 

8 See also ref. (64) in Part I: TRrotman-Dickenson, A. F 
“‘Gas Kinetics,’’ Academic Press Inc., New York, 1955. 

® Methane is excluded. 
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TABLE 3 
Hydrogen Abstraction by Radicals" 


-CH; + XY —~ CH;X + - 
e.g., -CH; HCH.—CH; CH, Fis -CH.—CH; 


k X 10-* 
(ml. 
mole-! 
Bact sec,—*), 
Reactant (XY) (keal./mole) 182°C 
CH, 12.8 14.0° 0.17 
C.He 10.4 + 0.4 to 2.0 
11.2 + .3 
CH;—C(CH;)2—CHs 10.0 + 0.3 3.3 
CH;—CH.—CH.—CH; 8.3 + 0.2 11 
(CH;—CH.—CH.—)» 8.1 + 0.2 17 
H H 
(CH,)-C—-G_(CH,). 6.9 + 0.2 35 
7.8 + 0.4 40 
H,C—=CH, 10.0 + 0.4 2.9 
H,;C—CH—CH, 7.02 0.4 12 
H;C—(CH2)2—CH—CH2 7.6 + 0.4 35 


H;—C=C—CH; 8.6 + 0.4 33 


The source of the radicals in all cases listed was acetone 
and/or hexadeuteroacetone; in the latter case the radical 
concern is thus CD3;. 

» See ref. (94) for experimental work leading to higher value. 

© See ref. (95) for experimental work leading to higher value. 


TABLE 5 


Rate Constants Characteristic of Different Types of Allylic 
Hydrogens to Abstraction by Methy] Radicals (182°C) ) 


k X 10-*/atom 


Type of hydrogen (ml. mole! sec.) 
Primary 4, 5, 4,6 
Secondary a7, 18 
Tertiary 53 


C:H;- + C.H;- H;C—CH.—CH:—CH; (191) 
C:H;- + C.Hs- (192) 


It should be noted that reaction (192) is a hydrogen ab- 
straction reaction with a radical donor and a radical 
acceptor. A compilation of data taken from a recent 
publication by P. Ausloos and E. W. R. Steacie (96) 
shows the relative rates of combination and dispropor- 
tionation for a number of lower alkyl radicals (see 
Table 6). 


TABLE 6 
Relative Rates of Radical Combination and Dispropor- 
tionation 
Rate of 
disproportionation / 
Radicals combination 


equal and, therefore, the trend in activation energies is 


reflected in the rate constants as well. It is thus 
possible to calculate from the rate data, a rate constant 
characteristic for attack of methyl] radicals at a primary 
hydrogen, a secondary hydrogen, or a tertiary hydrogen 
atom in an alkane. Trotman-Dickenson has calculated 
rate constants characteristic of attack at each type of 
hydrogen from several models and his data are repro- 
duced here (Table 4). 


TABLE 4 


Rate Constants for Abstraction of Paraffin Hydrogens 
by Methyl Radicals (182°C.) 


k X 10-*/atom 
(ml. mole! sec.—!) 


Type of hydrogen 


Primary 0.3,0.2,0.3 
Secondary 2.3,2.0,2.0 
Tertiary 18, 17, 10 


These data suggest that as a good approximation the 
different types of hydrogens in a number of alkane 
molecules may be considered as if they were present in 
separate molecules. 

With the exception of ethylene, the activation 
energies for abstraction of hydrogen from olefins are 
approximately constant, indicating that attack is only 
at the methylenic or allylic hydrogens. In Table 5 are 
the calculated rate constants of Trotman-Dickenson 
for attack at a primary allylic hydrogen, a secondary 
allylic hydrogen, and a tertiary allylic hydrogen in a 
number of olefins. 

The relative rate of combination of two radicals (e.g., 
equation (191) to that of disproportionation (e.g., equa- 
tion (192)) is a factor which is of frequent interest in 
radical chemistry. 
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0.04 
C.H;- + C:Hs- 0.125 + 0.01 
<> 0.1 to 0.17 
CH;—C—CH; CH; —CH; 0.5 


As pointed out by Ausloos and Steacie, it is possible to 
explain the differences in Table 4 on purely steric 
grounds if one assumes that the rates of combination 
are about equal in all cases. The relative rates may 
thus be predicted roughly on the basis of the number of 
hydrogens available for abstraction in reaction (192). 
The publications cited demonstrate that much has 
been accomplished in both the qualitative and quantita- 
tive senses in the development of free radical chemistry. 
Many current commercial processes (oxidation, halo- 
genation, nitration, thermal cracking of hydrocarbons, 
etc.) involve free radical intermediates, and as our 
understanding of free radical chemistry increases it 
seems almost certain that this field will contribute more 
and more to the growth of the chemical industry. Cer- 
tainly as the chemist learns how to obtain and control 
specificity of attack in free radical systems, one can ex- 
pect many interesting developments from this phase of 
chemistry in the future. It is clearly a most promising 
area for further research of a fundamental nature. 
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Mooern periodic tables (1, 2) based on electronic 
configurations preserve only with difficulty the tradi- 
tional classification of elements into periods. Pauling’s 
energy level diagram (3) and the chart proposed by 
Longuet-Higgins (4) avoid some of the complicating 
features by not attempting to emphasize the conven- 
tional periods. The chart proposed here adopts a 
similar approach. It is intended to replace the usual 
periodic table in beginning chemistry courses. In- 
stead of developing a periodic table, later an energy 
diagram, and still later correlating the two, we hope to 
save time and confusion by developing this one chart 
and using it throughout the course. It resembles the 
usual periodic tables sufficiently so as to present no 
problems when they are encountered later. 

Instead of arranging the elements in horizontal 
‘periods,’ double boxes representing single “orbitals” 
are placed in greas which slope downward to the right 
and which represent the main electron shells (prin- 
cipal quantum numbers). The subshells are arranged 
within these sloping areas in a manner to suggest the 
order of increasing energies. Downward displacement 
corresponds to higher energies. The overlapping of 
subshells belonging to different main shells is clearly 
shown. To build up the table, it is only necessary to 


THE ELECTRON CHART 
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feed the total number of electrons possessed by an 
element into the available positions, starting with 
the position of lowest potential energy (upper-left 
corner). ° 

A double vertical line in the center of the p, d, and f 
subshells serves to remind one of the law of maximum 
multiplicity. One electron is placed in each orbital 
(box) until the double line is reached. Additional 
electrons can then be placed in the subshell by pairing 
up with those already present. Thus, in the d sub- 
shells, the first and sixth boxes actually represent a 
single orbital, the second and seventh another, etc. 
The following example illustrates the use of this kind 
of information. Manganese, Mn, has one electron 
in each of the five orbitals of the 3d subshell while 
eFe has two electrons (a pair) in one of the orbitals 
and unpaired electrons in the other four. This situa- 
tion, of course, leads to quite different possibilities in 
oxidation processes. Both, however, have two elec- 
trons in the 4s subshell (outermost) the loss of which 
leads to the formation of bivalent cations. Both of 
the resulting bivalent cations, Mn++ and Fet+, hzve 
unpaired electrons in the 3d subshell (which is now he 
outermost) and consequently the loss of a third elec- 
tron to form the corresponding trivalent cation seems 
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probable. Zn++, however, has no unpaired electron 
in its outermost shell and would not be expected to 
form a trivalent cation. 

Luder’s classification has been added as well as the 


usual group numbers. 


We like this chart because it serves all the purposes 


of a periodic table and still shows the electronic con- 


figurations at a glance and without a profusion of 
numbers and explanatory material. We might call 


it a non-periodic table to emphasize the fact that the 


main horizontal divisions represent electron shells and 
not periods of elements. It is simple and compact 


enough to be readily reproducible even as a wall chart. 


We use reproductions in which alternate electron shells 
are colored or shaded to make them stand out clearly. 
The “non-metallic triangle’ (B-At-F) may also be 
emphasized by color or shading, if desired. 
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On PAGE 622 of Volume 33 (December, 1956) the structural 
formula as printed for p-glucose should have the OH on carbon 


atom number 5 replaced by H. 
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Tue mass spectrometer is an instrument which sorts 
out ions of the same mass-to-charge ratio from an ion 
beam containing many different ionic species and 
measures the relative abundance of these particles. 
Mass spectrometry was first employed in work on 
isotopic abundance; however, more recently it has 
found wide application in the field of quantitative 
organic analysis. 

Since the principles of mass spectrometry are dealt 
with in practically all textbooks of physical chemistry 
(1), they will be summarized here only briefly. The 
material whose mass spectrum is to be recorded is 
admitted into the ionization chamber of the mass 
spectrometer at very low pressure (ca. 10-7 mm.). 
This is usually accomplished by maintaining the ma- 
terial in a reservoir in the “inlet system” of the instru- 
ment as a gas or vapor at a pressure of about 10~° 
mm. and allowing it to flow into the ionization chamber 
through a very small orifice called a “leak.” The gas 
pressure in the ionization chamber is kept low by 
means of continuous evacuation with a mercury diffus- 
ion pump. In the ionization chamber, the gas is 
bombarded by an electron beam accelerated by a 
potential of 50—100 volts. This produces positively 
charged particles (cations) as well as negatively charged 
particles (anions) and neutral fragments (atoms or 
radicals). Of these only the positive ions are acceler- 
ated into the mass spectrometer chamber proper 
(through an entrance slit) by means of an electric 
field of several thousand volts. In the chamber, the 
beam comes under the influence of a magnetic field 
which bends it into a circular path. The radius of 


Peak height 
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the path depends on the ratio of the mass of the cations 
to their charge (m/e); for a given accelerating voltage 
V and magnetic field H this radius is R = (2mV/eH?)'”. 
The dimensions of the mass spectrometer cham- 
ber are such that only particles describing a certain 
radius R will pass through the exit slit and be recorded 
by the ion collector beyond it. These particles will 
produce a current of about 10-" to 10-* amps. (de- 
pending on their abundance) which is amplified and 
fed to a recording galvanometer which thus registers 
the abundance of the ions. The m/e value of the 
ions collected, according to the above equation, will 
be R?H?/2V, i.e., it depends on the instrumental di- 
mensions (fixed) as well as the applied electric and mag- 
netic field. By continuously changing either the 
magnetic field H or the accelerating voltage V in the 
course of a spectral recording, ions of different (and 
known) m/e value are focussed on the exit slit in turn, 
and thus the mass spectrum is scanned. The result, 
as recorded by the instrument, is a plot of ion abun- 
dance versus m/e, exemplified by the mass spectrum of 
methane shown (partly) in Figure 1. When m is in 
units of atomic mass and e in units of electronic charge, 
m/e is called the ‘‘mass number.’’ If the ion bears 
unit positive charge, the mass number will be equal to 
the atomic mass of the atom or molecular fragment 
produced in -the ionization chamber. It should be 
noted that mass spectra, unlike most other spectra, 
have to be discontinuous, since atomic masses (dis- 
regarding the small packing fractions) vary in integral 
units. 


APPLICATIONS TO ORGANIC CHEMISTRY 


When a molecule, such as that of methane, enters 
the ionization chamber and is hit by the electron 
beam, it may either be ionized as a whole or ionized 
and fragmented. Fragmentation almost invariably 
occurs, at least to some extent, at the normal energy 
of the electron beam of 50-100 volts, but can be sup- 
pressed at low electron energies (of the order of 10 
volts). Analysis at such low energiés has been uti- 
lized in the determination of the purity of deuterated 
hydrocarbons (2).! The minimum potential of the 
electron beam at which a particle appears is called 
the “appearance potential’ of that fragment. As will 
be seen presently, it is the fragmentation process which 
makes mass spectrometry most useful in organic analy- 
sis. 

Simple ionization of methane produces the CH,* 
cation with m/e = 16. This is the most abundant ion 


1 Low ionization voltages have also been used in the analysis of 
CO-CO, mixtures where the production of CO*+ ions from CO; is 
undesirable: Taytor, D. D., U. S. Patent 2,373,151 (1945). 
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jn the methane spectrum (Figure 1). However, sub- 
sequent fragmentation with the splitting off of hydro- 
gen also occurs, thus ions of mass number 15 (CH;*), 14 


((CHz*), 13 (CH*) and 12 (C*) are also observed in the 


mass spectrum of methane, though in decreasing 
abundance. The peak at mass number 17 is caused 
largely by the isotopic species C'*H,*+. Since the 
natural abundance of C' is about 1%, and since, a 
priori, the number of C'*H,* particles from C'*H, is 
about the same as that of C'*H,+ particles from CH, 
(see, however, below), the 17 peak should be about 1% 
of the 16 peak, and this is borne out experimentally. 


‘The small correction for C'*H;D is negligible in this 
case, because of the small natural abundance of deu- 
‘terium. Formulas are available (3) for calculating the 


expected intensity of the so-called “‘satellite peaks” 
which are due to the natural occurrence of the heavy 
isotopes of carbon, hydrogen, oxygen, nitrogen, etc. 

Since mass spectra are discontinuous, it is unneces- 
sary and needlessly expensive to reproduce them as 
plots of the type shown in Figure 1. Instead, they are 
recorded in tabular form, as shown in Table 1. The 
first column in this table gives the mass number m/e. 
The second column gives the peak height as read from 
the recorded spectrum. The third column gives the 
so-called ‘‘ pattern,’’ which is the peak height divided by 
the peak height of the highest peak and multiplied by 
100. Unlike the peak height the pattern is nearly 
independent of the pressure of the compound in the 
inlet system of the instrument. 


* Not shown in Figure 1; values taken from the literature. 


The third and fifth columns of Table 2 show more 
complicated patterns, namely those of isobutyl alcohol 
and tert-butyl alcohol. It should be noted that the 
“parent peak” due to the molecule-ion CyHyO* 
(m/e = 74) is by no means the largest peak in the mass 
spectrum; in fact, tert-butyl alcohol does not show any 
peak due to the molecule ionized as a whole, but all 
peaks involve fragmentation. The largest peak, or 
so-called “‘base peak” in the isobutyl alcohol spectrum 
is the 43 peak presumably due to (CH;),CH*; the 31 
peak (probably due to CH,OH*) is also quite high. In 
the tert-butyl alcohol spectrum he highest peak is at 


59, due presumably to (CH;),C—OH. It should be 
noted that all of these high peaks correspond to car- 
bonium ions which are stabilized by resonance or hyper- 
conjugation, and it is usually true that peaks due to 
such ions are large. The reverse is not true, however; 
thus intense peaks (such as the 33 peak in the isobutyl 
alcohol spectrum) may not correspond to any obvious 
stabilized carbonium ion. A case in point is found in 
the spectrum of m-xylene where the base peak is at m/e 
91. According to the intuition of the organic chemist, 
the CH;C.H,* ion would not be expected to be partic- 
ularly stable.” 

There are two types of peaks which cannot be readily 
explained by fragmentation. In some cases, rear- 
rangements occur in the process of ionization; 
thus 2,5-dimethylhexane, 
shows “rearrangement peaks” at m/e 29 and 85, due, 
respectively, to C.H,+ and C.sHi3+; these ions cannot 
be formed from the parent molecule by a process of 
simple bond rupture and ionization. Occasionally, 
such rearrangement peaks are of major importance; 
thus in the spectrum of 3-ethyl-3-phenylpentane, 
CsHsC(C2Hs);3, the base peak corresponds to m/e=91. 
This peak cannot be formed from the molecule by 
simple fragmentation, but probably is due to CseH;CH.* 
formed by ionization followed by rearrangements 
(28). Some peaks are due to “metastable ions,” i.e., 


? This particular anomaly has recently found an ingenious 
explanation; cf. RyLANDER, P. N., 8. MEYERSON, AND H. M. 
Gruss, Division of Petroleum Chemistry, A.C.S., Preprints, 
Vol. 1, No. 3, 111 (1956). 


TABLE 2 
Mass Spectra of Isobutyl and Tert-Butyl Alcohol and Mixtures Thereo 


(CH;).CHCH.OH 


(CH;);COH 


Sensitivity: 48.09 
(= Height of base peak divided by Pressure) 
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TABLE 1 : 
Mass Spectrum of Methane 
Peak 
m/e height Pattern 7 
Is ca, 
ca, 0.2% 
12 36 3.89 
13 100.5 10.86 : 
14 192 20.76 
16 925 100 
17 10.5 1.14 
eee 
Mixture spectra (peak heights) 
Peak Peak : 
m/e height Pattern height Pattern Ist 2nd 3rd ; 
15 24.0 222.0 16.89 
27 380.0 123.3 9.38 
31 580.0 454.0 34.55 546.0 552.0 547.0 : 
33 368 .0 1.8 0.14 192.0 194. 192.9 : 
41 481.0 297.0 22.60 
43 741.0 1 227 .0 17.28 506.0 515.0 511.0 
7 59 52.1 1314.0 100.00 723.0 735.0 728.0 
74 68.8 0.0 0.00 35.0 35.9 35.9 i 
— Pressure, u 15.41 14.00 15.09 15.2 15.6 ; 
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ions which break down further after leaving the ioniz- 
ing chamber; these ions do not conform to the equa- 
tion for m/e given above since the particle accelerated 
in the electric field V has a different mass from the 
particle bent in the magnetic field H after breakdown 
(4). 

Molecules labeled with heavy isotopes, such as 
D, etc., will give mass-spectral patterns 
considerably different from those of their light analogs. 
This is due not only to the increased mass of the mole- 
cule as a whole or of those fragments containing the 
heavy isotope, but also to a slight extent to the fact 
that strengths of the bonds involving such isotopes 
are higher than those involving light isotopes. This 
will decrease the probability that certain fragments 
will be produced and thus decrease the intensity of the 
peaks due to these fragments. Thus, the intensity of 
the 18 peak (due to CD;*) in tetradeuteromethane is 
83.0% of that of the 20 peak (CD,*+) while the inten- 
sity of the 15 peak (CH;+) in a methane spectrum 
obtained by the same investigators (5) is 86.1% of 
that of the 16 peak (CH,+). This indicates more 
extensive fragmentation of the hydrogen compound. 
Similar results have been obtained in chloroform 
spectra (6) where more extensive formation of the 
CCl,+ ion occurs with CHCI, than with CDC\,. 


QUANTITATIVE ANALYSIS 


Although mass spectrometry may be of use in qual- 
itative analysis (7), its principal use is the quantitative 
analysis of mixtures of known components. This 
development was pioneered by the petroleum industry, 
but its usefulness is more far-reaching than many 
organic chemists realize. Mixtures of up to about a 
dozen components may be analyzed rapidly and with 
high accuracy (+1%). Speed and accuracy are the 
main advantages of the mass spectrometric method 
over other instrumental methods, such as. infrared 
analysis. Disadvantages are the cost of analytical 
mass spectrometers (of the order of $45,000) and their 
somewhat greater intricacy as compared to other 
instruments. The closest competitor to mass spec- 
trometry as an analytical tool is probably vapor phase 
chromatography (8), which is considerably cheaper 
and simpler, but also considerably less versatile. A 
combination of the two techniques is possible where 
the eluate gas from a vapor phase chromatogram is 
introduced in a mass spectrometer (9). 

Quantitative analysis using mass spectrometry is 
based on the assumption (usually valid) that the 
spectrum of a mixture is a sum total of the spectra of 
all the components in the mixture. The one necessary 
condition for carrying out an analysis is that each 
component posseses a unique spectrum. (See under 
“Limitations” regarding the validity of this assump- 
tion.) 

Calculations are based on the equation H, = S,P, 
where H,, = peak height (scale divisions), P = pressure 
(u) and S, (div./u) isa proportionality constant called 
“sensitivity.” Sensitivity is calculated from the spec- 
trum of a pure compound for any desired peak by 
simply dividing the peak height (H,) by the total 
pressure (P) of the sample. Thus, the sensitivity 
value corresponds to the contribution of the given 
compound to the given peak for unit pressure of that 
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compound. Sensitivity varies with instrumental re- 
sponse and thus is not a universal constant. Sensi- 
tivity values must be obtained from spectra recorded 
on the same instrument as the unknown mixture and 
under the same instrumental conditions. The constancy 
of instrumental conditions is checked by daily calibra- 
tion runs on known compounds, such as n-butane, in 
which the sensitivity of the major peak of the calibration 
substance (43 for n-butane) should remain constant. 

In practice, for analysis of a mixture containing 
components A, B, C,.....N, n peaks are picked from the 
spectrum of the mixture. These peaks, ideally, are 
chosen such that each peak is exclusive or nearly so 
for one component. Such a stringent condition cannot 
usually be fulfilled and all of the peaks chosen will 
probably have some small contribution from each of 
the other components. 

We may then write the following set of simu!taneous 
equations: 


A, = P4 + P® + PE + + PX 

H, = 8.4 P4 + 82.2 P? + 8° PO+...... + PN’ (1 

H; = S834 P4 + 8:2 P®? + + py “) 
= SpA PA + 8,8 P? +8,° PO + ...... + S,% PX 


Here Mi, Hz, etc., stand for the peak heights at the 
mass numbers chosen. P4, P¥, etc., correspond to the 
partial pressures of components A, B, etc. Si‘ cor- 
responds to the sensitivity of component A at the 
mass number of AH with similar meanings for S,°, 
Si°, etc. The H, and S, values are determined ex- 
perimentally and thus the P values may be found by 
solving the above system of simultaneous equations. 


Then %A = ete. (2) 
PP = PA + + PO +. .... 


where 


In some cases it is found that a mixture peak can be 
attributed exclusively to one component. Such is 
the case if this component has a greater molecular 
weight than any other substance in the mixture and 
its parent peak is appreciable. The partial pressure 
of this compound can be calculated directly from its 
parent peak using H, = S,P. The entire contribution 
to the spectrum due to the known compound can then 
be obtained by using its calculated pressure and the 
appropriate sensitivity values. This contribution is 
subtracted from the mixture spectrum. The pro- 
cedure is repeated as many times as possible where- 
upon the remaining components are analyzed by 
solving simultaneous equations as above. With four 
or more simultaneous equations, a computer is usually 
resorted to. Electrical computers specially designed 
for solving systems of up to twelve linear simultaneous 
equations with up to twelve unknowns as encountered 
in mass spectrometry are available. For routine 
operations, faster (but more expensive) electronic 
computers are often used. 

A convenient check on the accuracy of a calculation 
is a comparison of P’ (calculated) to the experimentally 
observed total pressure. If these two do not coincide 
one might suspect the presence of an unaccounted-for 
component. If such is the case, new peaks, not used 
in the original calculation, are chosen from the mixture 
spectrum, and the sensitivity values are calculated at 
these peaks for each component from its authentic 
spectrum. The expected height of any peak in 4 
mixture can then be calculated as follows: 
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H, = 8,4 P4 + &® P? + Pf +...... PX (3) 


Here, the S, and P values are known and the H, 
value is calculated. If the calculated and observed 
values do not coincide to within 1%, then one has 
what is termed a residue or residual peak (R,) defined 
as R, = H, (observed) — H, (calculated). Often by 
examining the residues at various mass numbers, one 
may be able to identify the unaccounted-for com- 
ponent, assuming that its mass spectrum is known. 

An example from the authors’ laboratory will illustrate 
the method. It is concerned with the analysis of a 
synthetic mixture of isobutyl and tert-butyl alcohol 
containing 51.70% of the former and 48.30% of the 
latter. The mass spectrometric data required for the 
analysis are recorded in Table 2. The 33 and 59 
peaks were selected for calculation since at m/e=33 
the contribution of isobutyl alcohol is large and that of 
tert-butyl alcohol is small, and the reverse is true at 
59. From columns 2 and 4 in Table 2 the sensitivities 
are: S33 = 23.88, S33' = 0.13, Ss9‘ = 3.38 and Syo' = 93.- 
86 where the superscripts 7 and ¢ refer to isobutyl and 
tert-butyl alcohol, respectively. Then, setting up 
equations (1): 

23.88 P* + 0.13 Pt = 192 
3.38 P* + 93.86 Pt = 723 


where P‘ = partial pressure of isobutyl alcohol 

and = partial pressure of tert-buty!] alcohol 

The solution is P‘ = 8.00 uy, P' = 7.41 uw; total pres- 
sure P’, calculated 15.41 yp, actual 15.09 wu. % isobutyl 
alcohol (from equation (2)) 51.91%, % tert-butyl al- 
cohol 48.09%. The second and third analysis gave 
% isobutyl 51.82, 51.87; % tert-butyl 48.18, 48.13. 
The agreement of the three analyses with each other 
and with the actual composition of the sample (% iso- 
butyl 51.70; % tert-butyl 48.30) is excellent, probably 
somewhat better than average. 

Residuals were calculated at 31, 43, and 74 using 
the sensitivities at these peaks to calculate the expected 
peak heights by equation (3) and subtracting the actual 
peak heights from these; the results are given in 
Table 3. All residuals are less than 1% of the peak 


TABLE 3 
Calculation of Residuals 
Sensitivity* Peak height Residuals 
calcu- 
m/e iso tert found’ lated A B 
31 37.64 32.42 546.0 541.4 4.6 3.2 2.9 
438 48.09 16.21 506.0 504.8 1.2 3.5 3.7 
74 4.46 0.00 35.0 35.7 -—0.7 -—0.2 0.0 
ressure from spectra of pure com- 


* Peak hei — divided by p 
nents in Table 2; iso nF ws to isobutyl alcohol, tert to tert- 
utyl alcohol. 
> First spectrum, Table 2. 
¢ Using equation (3). 
¢ Found peak height minus calculated peak height. A is for 
the Ist spectrum, Table 2, calculated in this table. B and C refer 
to the 2nd and 3rd spectra i in Table 2; calculation not shown. 


(or less than one scale division for peaks under peak 
height 100) which is considered a satisfactory check 
on the accuracy of the analysis and indicates the ab- 
sence of unaccounted-for components. It should be 
stressed that the mixture illustrated in this example 
was a synthetic one made up of pure compounds; 


VOLUME 34, NO. 2, FEBRUARY, 1957 


actual mixtures encountered in organic work will 
rarely give such clean-cut results because of the likely 
presence of minor contaminants. 

Alternative methods for carrying out these calcula- 
tions cannot be illustrated here because of space con- 
siderations but are detailed in texts on mass spec- 
trometry (10). 


. TRACER STUDIES 


Mass spectrometry is used in tracer studies involving 
nonradioactive nuclides in one of two ways. In the 
more common, though less powerful technique, mass 
spectrometry is used to analyze for the amount of the 
tracer present in a given sample. This amount is 
usually expressed as a percentage of the total amount 
of the element in question, and the analysis is some- 
times called a determination of the isotopic ratio. The 
technique involved is to convert the element in ques- 
tion into a low-molecular-weight gas, and to determine 
mass spectrometrically the ratio of heavy to light 
isotope in this gas. For example, to determine C as 
percentage of total carbon in a sample, the sample is 
burned to carbon dioxide in the usual analytical com- 
bustion train, but the carbon dioxide is collected in a 
liquid nitrogen trap instead of being absorbed chem- 
ically. It is subsequently put into the mass spec- 
trometer, and the ratio of C'* to C™ is found from the 
ratio of the 45 (C'0,) to the 44 (C'O,.) peak (//). 
Nitrogen is analyzed similarly as N2 (obtained from the 
organic sample by a Kjeldahl digestion followed by 
hypobromite oxidation of the ammonia) on the 
basis of the height of the 30 (N"N"), 29 (N™N") 
and 28 (N'4N'!*) peaks (12). In some cases, the nitro- 
gen given off in an organic reaction, such as the Curtius 
reaction RCON; - RNCO + Ng, has been subjected to 


+ 
analysis (13). (It was shown that vac (alias 


O 
N® upon rearrangement gives and 

While a mass spectrometer (not necessarily of the 
analytical type—a less expensive isotope ratio instru- 
ment is sufficient) is essential in the analysis of N' 
and C*, its use in the analysis for deuterium is 
optional. Excellent methods for the determination 
of deuterium by measuring the density of the water 
obtained in the combustion of the given organic com- 
pound are available (1/4). Alternatively, the water 
may be decomposed to elementary hydrogen (14), 
e.g., by means of hot zine or uranium (/6), and the 
hydrogen-deuterium mixture analyzed mass spec- 
trometrically on the basis of the 4 (D2), 3 (HD) and 
2 + D) peaks (1/7). Mass-spectrometric analysis 
of water itself is difficult because of its strong absorp- 
tion on the walls of the mass spectrometer assembly 
(18). 

A much more powerful, though as yet less exten- 
sively used application of mass spectrometry is in the 
so-called isotope position technique (1/9). Here the 
labeled organic compound is introduced in the spec- 
trometer as such. From the fragmentation pattern, 
the position of the tracer in the molecule can be seen 
directly. For purposes of quantitative analysis, it is 
usually necessary to synthesize pure species with the 
tracer in known positions, since, for the reasons stated 
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above, it is rarely possible to predict the mass spectrum 
of a labeled molecule from that of the unlabeled one. 
(See, however, (20).) 

The method is well illustrated with an example from 
the authors’ laboratory (2/). (For other examples, 
see 22). In the course of an investigation, it became 
necessary to ascertain whether a sample of deuterated 
isobutyl alcohol was or (CHs3)2- 
CHCHDOH or a mixture of the two. This evidently 
cannot be done by the isotope ratio method mentioned 
previously, since both isomers contain 10 atom-per cent 
deuterium. It is possible to carry out the determina- 
tion by oxidation of the alcohols to the acids (CH;)2- 
CDCOOH and (CH;),CHCOOH and elementary deu- 
terium analysis of the latter, (this was, in fact done 
(21)), but such a determination is tedious, since it must 
be ascertained that no exchange of the deuterated 
acid takes place in the course of the oxidation; more- 
over, if one starts out with a mixture and the oxidation 
is not quantitative, the result may be vitiated by an 
isotope effect in the oxidation (2/). In the actual 
analysis, authentic samples of (CH;)2,CDCH:OH (iso- 
butyl-2-D alcohol and (CH;),CHCHDOH (isobutyl- 
1-D alcohol) were synthesized. (The synthesis of 
such authentic samples does not usually present in- 
superable problems and the purity of the samples may 
be checked by mass spectrometry.) Mass spectra of 
the authentic alcohols and of the mixture to be ana- 
lyzed were then recorded, and the composition of the 
mixture was calculated as described above under 
“Quantitative Analysis,’ using mass peaks at 31, 32, 
and 43. The major peaks in the spectrum of isobutyl 
alcohol are 43 [(CH;),>CH+] and 31 (CH.OH+). In 
the 1-D compound the major peaks are 43 and 32 
(CHDOH*); and in the 2-D compound they are 44 
{(CH;)2CD*] and 31. 

The isotope dilution method (23) has also been used 
in conjunction with mass spectrometry. 


LIMITATIONS 
Despite the wide applicability of mass spectrometry, 


the method is subject to certain limitations which. 


should be understood clearly. 

The pressure in the inlet system of the substance or 
mixture whose spectrum is to be recorded must be at 
least of the order of 10-? mm. A solid or liquid whose 
vapor pressure is less than 10 » at room temperature 
cannot be handled by the ordinary inlet system. How- 
ever, the range of the instrument can be greatly ex- 
tended by the use of inlet systems which are heated 
electrically to temperatures as high as 300°-400°C. 
(24, 25) 

Another limitation is imposed by the limit of resolu- 
tion of the instrument. As m/e increases, the separa- 
tion of two subsequént peaks of mass number n and 
n + 1 decreases. The limit of resolution is reached 
when the two peaks are no longer separated. 

In some cases a mixture cannot be analyzed for 
two or more components individually because their 
mass spectra are too similar. Stereoisomers usualiy 
fall into this category, for example, cis- and trans-2- 
butene. A similar difficulty is encountered with 
positional isomers among olefins and alkylbenzenes; 
thus there are no salient differences between the mass 
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spectra of 1-butene and 2-butene or between m-dieth- 
ylbenzene and p-diethylbenzene. 

Sorption on the glass walls of the mass spectrometer 
assembly may cause difficulty in the analysis of oxy- 
genated compounds (24, 26). Because of this, mix- 
tures of light and heavy water cannot readily be ana- 
lyzed by mass spectrometry (18). However, the pres- 
ence of small amounts of water in an organic sample is 
not likely to cause difficulty. The seriousness of the 
sorption problem depends on the type of instrument 
and the type of analysis (27). 

Sensitivities tend to fluctuate and need to be re- 
determined from time to time for the pure standards. 
In contrast, patterns are constant over periods of 
time in a given instrument. Unfortunately, patterns 
are not quantitatively reproducible from one instru- 
ment to another. ‘This means that comparison of 
patterns with those recorded in the literature can be 
only qualitative. 

Small amounts of impurities, provided they have a 
few high mass peaks, may appreciably modify the 
spectra of compounds which they contaminate. This 
fact may be of considerable nuisance value to the 
ordinary organic chemist who is not concerned with 
the presence of 2% or 3% of impurities in his samples. 
This situation is quite different from what it is in the 
infrared, where small impurities usually do not inter- 
fere. On the other hand, extraneous peaks may prove 
valuable in the identification of interesting minor 
components of a given mixture. 


CONCLUSION 


In conclusion, it may be said that mass spectrometry 
is a valuable analytical tool for the organic chemist 
who deals with compounds of molecular weight below 
about 600 and of appreciable volatility. The work is 
aided by the availability of a number of excellent 
summaries and reviews (4, 5, 29-35) and, subject to 
the limitations mentioned above, by the collection of a 
large number of mass spectra of common compounds 
(36). 
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THERMODYNAMICS 


In THIs note it will be shown that thermodynamics, 
heretofore considered to be the most rigorous of all 
physical disciplines, contains a fatal inconsistency. 
Although this has long been suspected to be the case 
by the average student, to the author’s knowledge no 
truly logical argument has been given before to this 
one. 

The argument is as follows. If we suppose that 
thermodynamics is valid and are able to deduce only a 
single false statement, then by reducto ad absurdum 
thermodynamics must be inconsistent. Therefore let 
us assume the validity of thermodynamics and choose 
the following example.! Let 1 liter of an ideal gas at 
10 atm. expand freely against a constant pressure of 1 


1 Adapted from problem No. 4, p. 76, Prutron, C. F., anp 
8. H. Maron, “Fundamental Principles of Physical Chemistry,” 
rev. ed., The MacMillan Co., New York, 1951. 

Eprror’s Note: This is another in the series of articles by an 
unknown “Dr. McQuirg,” to test our readers’ insight and inge- 
nuity. After trying to find out what is the matter with his 
reasoning, turn to the comment on page 98. ; 
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CONTRIBUTIONS TO THERMODYNAMICS: THE INCONSISTENCY OF 
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atm. until the final pressure is 1 atm., the whole sys- 
tem being contained in a thermostat at 298°. The 
final volume will be 10 liters. 

Since the gas expands against a constant pressure, 
w= PAV = 1(10 — 1) = 91.-atm. Itis well known 
that for such processes with PV work only, AH = gp. 
Now the change of state is equivalent to the isothermal 
expansion of the ideal gas, for which AE = 0 by defi- 
nition. Hence gq = w = 9 |.-atm., and thus AH = 
9 |.-atm. 

But in the isothermal expansion of an ideal gas, 
A(PV) = 0, whence AH = AE + A(PV) = 0. But 
9 =~ 0, and it must therefore be concluded that ther- 
modynamics is inconsistent. 

Since the argument is completely in the framework 
of the first law, clearly the conservation of energy is an 
unjustifiable concept. Further investigation as to the 
point of breakdown is clearly in order, and it is sug- 
gested that Einstein’s relation may be the logical start- 
ing place. 
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Onz of the methods most frequently used in physical 
chemistry laboratory courses for the measurement of 7, 
the ratio of specific heats of a gas, is that of Clement 
and Desormes.! Because of several inherent difficulties 
in this method its over-all accuracy is often of the order 
of +5%, a factor somewhat discouraging to students. 
Equilibrium is reached slowly, so that leakage of the 
apparatus and room temperature fluctuations are two 
important causes of error. In the two methods de- 
scribed here the time for measurement is short, and the 
two causes for error mentioned above are minimized. 

Considering the number of times the harmonic oscilla- 
tor and wave motion are encountered in modern theories 
of chemistry and physics, it would be helpful to the 
student of chemistry to have laboratory experiments 
in which these principles are used. The first experi- 
ment described here uses an equation of motion for a 
harmonic oscillator. The second experiment uses 
principles of wave motion. 


MODIFIED ASSMANN METHOD 


This method is an old one, originated over 100 years 
ago by C. Assmann.’ His apparatus consisted of a 
U-tube containing mercury which oscillated in the 
tube between two large volumes of gas connected to the 
ends of the U-tube. This has been modified and im- 
proved many times in the intervening years. One 
of the simplest improvements was suggested by E. 
Riichardt* in 1928. For the mercury he substituted a 
steel ball, and for the U-tube, a vertical tube of uniform 
inside diameter.* 

The apparatus used in our laboratory (Figure 1) was 
adapted from Riichardt, substituting a steel cylinder 
for the steel ball. Such a cylinder may be turned out 
easily on a lathe to fit the tubing closely, whereas 
fitting a steel ball to tubing size is a difficult operation. 
A 4-foot length of standard Pyrex tubing was used for 
the vertical tube. Special glass tubing ground to 


1 For example: Srermsacu, O. F., anp C. V. Kina, ‘‘Experi- 
ments in Physical Chemistry,’’ American Book Co., New York, 
1950, p. 41. 

2 AssMANN, C., “Uber Erwairmung und Erkaltung von Gasen 
durch plétzliche Voluminderung,”’ Annalen der Physik und 
Chemie, 85, 1-36 (1852). 

3 Ritcuarpt, E., Physik. Z., 30, 58-9 (1929). 

‘Such an apparatus is available commercially from E. Ley- 
bold’s Nachfolger, in Kéln, or their U. S. representative, J. 
Klinger, 82 160th Street, Jamaica, New York. 


MEASURING THE RATIO OF SPECIFIC 
HEATS OF A GAS 
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Harmonic Motion 


uniform bore can be purchased, but we have found 
that, with a little selection, pieces of sufficiently uniform 
bore can be taken from stock tubing. 

The cylinder is dropped from the top of the tube and 
oscillates up and down on the air spring provided by a 
large volume of enclosed gas attached to the bottom 
end of the glass tube. 


The fundamental equation can be derived as follows, where: 


f = force 
m = mass of metal cylinder 
a = acceleration 
P = pressure of the enclosed gas = Patm. + = 
q = cross sectional area of tube and cylinder 
z = distance through which the cylinder moves 
t = time 
V = volume of gas enclosed in system 
vy = frequency of oscillation 
7 = 1/v = period of oscillation 
y = C,/Cy, ratio of specific heats of the gas 
f = Pq = force upward on cylinder (1) 
Differentiating: df = q dP (2) 
dV =qdz (3) 
For an adiabatic compression: PVy = constant, (k) (4) 


Rearranging and differentiating: 
dP/dV = k(—y)V(-7-) (5) 
Substituting (4) in (5) and rearranging: 


dP = — dV (6) 
Substituting (3) in (6): 
ap = — @de) () 
Substituting (7) in (2): 
a= a (8) 
Integration of (8) gives: 
ac (9) 


But since: 
d*z 
f=ma=m 
(9) can be rewritten as: 


de (10) 


‘= ( =) 
Defining: u Vm? ands 
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(10) simplifies to: 
(11) 


Equation (11) can be seen to have the form of a second-order 
differential equation which defines z as a harmonic function of ¢. 
A solution of such a differential equation of motion is: 


z =Asin V ul, (12) 


where ~/u is the period of oscillation. But for such a harmonic 
oscillation, the period is also equal to 2x times the frequency, v. 
Therefore: 


(13) 


given by: 


Tn 
yP 


Therefore: 


The quantities V, m, and gq are easily determined 
constants of the apparatus. P is evaluated for each 
experiment. 

The metal cylinder is dropped from the top of the tube 
and allowed to oscillate as many times as the apparatus 
will permit. At least three or four oscillations should 
be obtained, and the time 7 for a single oscillation is 
determined. Better results are usually obtained if the 
first oscillation is disregarded. The measurement of + 
is the biggest source of error. A variation of 0.01 sec. 
in r causes a variation of 0.03 in the value of y. Parodi® 
describes methods for improving the measurement of r. 
However, results of sufficient accuracy to show the 
significance of + and its variation from one gas to an- 
other can be obtained by students using a stopwatch. 

Typical determinations of y for air at 25°C., with the 
use of two different tubes and cylinders, are given in 
Table 1. Gases other than air can be investigated 
readily. The apparatus is evacuated and filled with the 


TABLE 1 
Determination of » by Modified Assmann Apparatus 


T No. 
(sec.)  Osciil. 


V m q 
(cm.*) (g.)  (em.*) 


Air 


Argon 
CO, 


gas to be tested at a pressure slightly above atmospheric 
pressure. The top end of the glass tubing is closed 
with a rubber stopper during the filling operation. The 
stopper is removed just before the run, an instant 
allowed for the pressure to drop to atmospheric pressure, 
and the metal cylinder inserted and dropped as usual. 
Typical data at 25°C. for carbon dioxide and argon are 
given in Table 1. 


MODIFIED KUNDT METHOD 


The second method for measuring y also will help 
the chemistry student to visualize wave motion. The 


* Paropt, M., Compt. Rend., 218, 311-13 (1944). 
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Figure 1. Modified A \pparat 


velocity with which sound travels through a gas can 
be expressed by the equation: 


= velocity of sound 
pressure of the gas 
density of the gas 
C,/C, for the gas 
Methods using the usual Kundt tube for measuring 
the velocity of sound in gases have been described in 
laboratory manuals such as that of Mack and France.* 
We have tried a modification of the Kundt tube, using 
a 25-watt loudspeaker unit to generate the sound at 
known frequencies instead of the usual brass rod. 
An apparatus using a similar loudspeaker source 


6 Mack, E., anp W. G. France, ‘“‘Laboratory Manual of Ele- 
mentary Physical Chemistry,” 2nd ed., D. Van Nostrand}Co., 
Inc., New York, 1934. 


Figure 2. Use of Loudspeaker with Kundt Tube 


ing | 
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of excitation was described by Reynolds.’ The TABLE 2 
apparatus, shown in Figure 2, consists of a Lucite tube Determination of 7 by Kundt’s Method 
about 1 m. long and about 5 cm. in diameter, closed 


at both ends with a metal seal. The metal caps are Yad 
provided with inlet and outlet tubes for introducing u average 
gases other than air. A movable piston is provided as Frequency (em.)  (cm./sec.) u P 
usual at one end. This can be adjusted so that the Air (y = 1.40): “ 
distance from the sound generator to the piston is an 
even number of half wave lengths. The loudspeaker 2844 12.48 35.500 
unit is attached to the other end of the tube and is COz(y = 1.30): . 
connected through an amplifier to an audio oscillator 7,1 1.31 
a which can be set at known frequencies. The frequency 1895 14.24 26.970 
4 scale on the oscillator can be calibrated with tuning 2844 " 9.62 27,390 
forks Argon (y = 1.67): ie 
966 33.3. 32,230 32,208 1.69 
A little lycopodium powder is sprinkled through the 1470 22.20 32, 180 
tube. The speaker is set at a known frequency and the pon 7 ‘oe 
piston moved until the powder piles into little heaps a ts — 
at the vibration nodes. The average distance between 
nodes gives the half wave length. Velocity is given di PP: It i | Shenee ing in thi “4 
by frequency times wave length standing waves. It is more interesting in this respect 
. a ae than the usual Kundt tube, because the effect of varying 
Data obtained at 25°C. are given in Table 2 
, ? frequency on the wave length can be demonstrated 
Reynops, M. B., J. Epuc., 20, 121 (1943). more easily. 


DRY BOX CONSTRUCTION 


ROWLAND E. JOHNSON 
Florida State University, Tallahassee, Florida 


In connection with some recent work on phosphorous To move materials rapidly into and out of the box, 
halides, we found it necessary to construct a dry box. we use an air lock which can be evacuated. It is con- 
An exhaustive search of the literature at the time gave structed from 8-in. cast iron pipe, 18 in. long, with 
no references; more recently, Tyree! has given a de- hinged doors at each end. Rubber O-rings are fitted 
scription of a dry box which is well suited to produce a into grooves on the doors and seat on flanges welded 
low-moisture atmosphere. Since our box incorporates onto the pipe ends. Another larger flange welded near 
many other features which we have found desirable, one end of the lock bolts onto the side of the box, seat- 
such as an air lock and internal drying system, we ing against a rubber gasket. The completed air lock 
should like to report on it here in the hope that it will weighs about 50 Ib., but there is no appreciable defor- 
save future workers some of the troubles we experienced. mation of the side of the box due to this weight. Be- 

Our box was constructed of '/s-in. steel sheet by a fore evacuation, each door is held shut by a C-shaped 


local machine shop. It is in the general shape of clamp which hooks behind the end flange and tightens 
Tyree’s box (see Figure 1) with angle iron brackets at by a hand screw through the center of the clamp. 


the ends to give rigidity. The addition of another win- Because of the lock volume, a moderately fast pump is 
dow at the top with a fluorescent fixture outside the required. We use a Welsh Duoseal, Model 1403, which 
box was used to light the interior. Any small holes in has a free air displacement of 100 liters per minute. 
the metalwork were first painted with Glyptal, then Our cycle of operation on the air lock is evacuate, flush, 
a good grade of enamel was used over all surfaces for a re-evacuate and fill; it takes less then 5 minutes. 

finish. The windows are '/,-in. Plexiglas, bolted to the To produce and keep a low moisture level in our dry 
metal window frames with '/,-in. bolts on 3-in. centers. box atmosphere, we circulate the gas continuously 
A putty-like tape, $590.5 Seam Sealing Tape, from through a drying tank containing about 5 lb. of activated 
Presstite Engineering Company, insures a gas tight alumina, '/,-8 mesh, Grade F-1, from the Aluminum 
seal between the plastic and metal. Sponge rubber Company of America. This tank is a piece of 6-in. 
proved quite unsatisfactory as a seal against water cast iron pipe, 6 in. long, mounted vertically. One end 
vapor. is a removable flat plate, sealed by an O-ring when 


bolted into place; inlet and outlet pipes are at opposite 
ends of the tank. The alumina charge is held in a 


1 Tyres, S. Y., J. Cuem. Epuc., 31, 603 (1954). 
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snugly fitting canister with a 16-mesh screen bottom, 
overlaid with a triple thickness of glass fiber window 
curtain fabric to prevent dust from entering the system. 
The gas enters the tank near the top, passes down 
through the alumina in the canister and out the bottom. 
When saturated with water, the alumina is replaced by 
removing the end plate, taking out the canister and in- 
serting another with a fresh charge. The alumina is re- 
juvenated by heating to 250°C. while still in the canis- 
ter and cooling in a vacuum desiccator. When inter- 
changing canisters, the drying tank section of the cir- 
culating system is isolated by two packless valves; 
the tank may then be evacuated and refilled with gas 
from the dry box. This prevents air from entering the 
box which normally contains a nitrogen atmosphere. 

The gas circulating pump is a Model 2520 from the 
Sutorbilt Corporation and has a capacity of at least 
10 cu. ft. per minute in our system. Standard 1-in. 
hard drawn copper pipe and fittings were used in the 
circulating system; flexible copper tubing (refrigeration 
vibration eliminator) was used to connect to the circulat- 
ing pump. The pump originally had a bad leak 
around the bearings on the drive shaft; we replaced the 
bearing cover with a brass plate and holder for an O-ring. 
The O-ring fits snugly around the shaft and lasts for 
about 100 hours operating time using a petroleum jelly 
lubricant. A more elaborate system could be devised 
in which the motor and pump are sealed inside a box 
which is part of the circulating system and no moving 
seals would be necessary. 

Since we ordinarily have periods of a week or more 
when the box is not used, we run the circulator only 
when needed. Twenty minutes running time de- 
creases the humidity to a dew point of less than —65°C. 
The humidity slowly increases with time after halting 
operation; apparently diffusion of water vapor through 
the gloves is one of the most important modes of en- 
try. We use relatively thin neoprene gloves sold by 
Erskine-Healey, Incorporated, Rochester, New York, 
and, in addition, wear surgeon’s gloves when working 
in the dry box gloves. This second barrier helps de- 
crease the moisture in contact. with the dry box gloves. 
A time meter keeps track of the circulator operation 
time. Depending on the use of the box and air lock, 
5 lb. of the desiccant will last about 30 hours operating 
time. (If we were to rebuild the box, we would in- 
crease the capacity of the desiccant. This is the opera- 
tion requiring most frequent attention. The pressure 
drop through the alumina is quite small; the addition 
of 10 or 15 Ib. more alumina would not decrease the 
circulating pump capacity appreciably.) 

The entire circulating system is diagrammed in Fig- 
ure 2. Electrical switches at knee level activate the 
magnetic valves, one leading from a nitrogen cylinder to 
the box, the other from the box to the evacuating pump. 
The nitrogen cylinder is connected so that entering 
nitrogen must pass through the desiccant before enter- 
ing the box. While some may consider these magnetic 
valves dispensable, we find nothing more aggravating 
than to have too high or too low pressure in the box and 
no easy way to regulate it. The outlet tube from the 
dry box proper develops quite a low pressure due to the 
action of the circulating pump; we have used this suc- 


* Rowan, J. H., Report Y-1075, Y-12 Plant, Oak Ridge, Ten- 
nessee, 1954. 
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Figure 1. Dry Box Construction 


tion to operate a vacuum-type sweeper inside the dry 
box. 

When completed, the box was filled with Freon-12 
by first displacing the internal volume with a rubker 
weather balloon and then admitting Freon to the box. 
A slight internal positive pressure of Freon in the box 
allowed us to detect leaks. The presence of Freon out- 
side the box was detected in the following manner: 
A small probe, connected to the intake side of an auxil- 
iary blower was run over the outside of the box and all 
fittings. The air from the blower outlet (which would 
contain Freon if there were a leak near the probe) was 
mixed with gas, and burned. The burner flame heated 
a copper tube; Freon showed its presence by an in- 
tensely colored flame. When no further leaks could be 
found, the internal volume was again displaced by the 
balloon and the box then filled with nitrogen. 


EVACUATE 


PumP 


Figure 2. Circulation System 
M, M, magnetic values. Vj, Vi, airlock control valves. V2, V2, valves 


to isolate the drying tank (see text); these are normally open. V3, valve to 
evacuate drying tank; normally closed. G, vacuum gauge for airlock. 
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Although more thanayear of use has shown the box to 
give good service, some improvements might be made. 
As mentioned above, the desiccant capacity is too 
small. Also no simple direct reading humidimeter has 
been developed for the range of dew points from 
—30°C. to about —75°C. We use a silvered surface 
dew point apparatus which is tedious and quite sub- 
jective. We have tried measuring the electrical con- 
ductivity of a variety of materials such as filter paper 
and pottery saturated with salt solutions, solid salts 
themselves, glue and gelatin coatings containing hy- 
groscopic materials and others. Nothing we have 
tested gives reproducible results; usually the electrical 
conductance in this range of humidities is too low to 
measure easily. The alumina gives essentially the 
same low dew point as long as it has not become satura- 


ted. Once saturated, the dew point rises rapidly so we 
would be satisfied with.an instrument which would indi- 
cate whether the dew point is less than or greater than 
—50°C. Perhaps an instrument similar to that of 
Minter® which works on the difference of thermal con- 
ductivity of wet and dry air could be adapted to our 
purpose. 

So many people collaborated with good ideas on this 
dry box that it is impossible to thank them all. How- 
ever, we should especially like to acknowledge the assist- 
ance and ideas contributed by Al Florin of the Los 
Alamos Scientific Laboratory. This work was per- 
formed under contract AT-(40-1)-1317 with the Atomic 
Energy Commission. 

3 Minter, C. C., NRL Report 4437, Naval Research Labora- 
tory, Washington, D. C., 1954. 


* PHILOSOPHICAL 
OF NEWCASTLE 


Tue growth of all branches of learning in Elizabethan 
England extended into the seventeenth century which 
was noted not only for the great literature of Milton, 
Dryden, and the essayists but for Congreve and the 
Restoration dramatists. Science was represented by 
the memorable advances made by Newton and Boyle. 
The organization at Oxford of the ‘Invisible College” 
by the men of inquiring minds led to the foundation of 
the Royal Society in 1662. Naturally, able artists and 
writers of the day introduced frequent allusions to the 
notable scientific progress. In this century we find few 
women authors, and these confined themselves to reli- 
gious, moral, and ethical pronouncements. Unique 
and independent in her interpretations of scientific 
ideas was Margaret Lucas Cavendish, the Duchess of 
Newcastle (see Figure 1). She was the wife of William 
Cavendish, one of the great Royalist generals, who had 
been made a duke in recognition of his exploits in battle 
for King Charles the First. From the autobiography of 
the duchess, entitled ‘“Nature’s Pictures drawn by 
Frances’ Pencil,” and from her biography of her husband 
which was one of the early famous compositions of this 
type, we can obtain an excellent although perhaps 
favorably prejudiced picture of them both. 

The duchess, the daughter of Sir Thomas Lucas, a 
holder of immense estates, was the youngest of a family 
of eight children and was born about 1624 at St. John, 
near Colchester. After her father died when she was 
an infant, she was brought up with her other brothers 


1 Presented before the Division of History of Chemistry at the 
129th Meeting of the American Chemical Society, Dallas, April, 
1956. 


STUDIES BY THE DUCHESS 


VIRGINIA BARTOW 
University of Illinois, Urbana, Illinois 


and sisters by a mother who believed that they should 
be trained to the manner born, in plenty but not super- 
fluity. The daughters were to be virtuous, modest, 
honorable, and abide by honest principles. They 
were instructed to dress neatly; cleanly in fine and gay 
raiment, reasonably rich and costly because too much 
economy might create base thoughts and actions. The 
tutors employed for the children taught them all vir- 
tues such as reading, writing, singing, dancing, and 
playing music. Some knowledge of foreign language 
was considered essential which must have been of great 
advantage to Margaret when she was forced to live 
abroad for several years. According to Margaret’s 
memoirs, the family were all of good appearance. She 
herself was accounted quite a beauty. 

At the proper age, Margaret was sent to the Stuart 
court to be maid of honor to Queen Henrietta Maria. 
Disappointment followed because Margaret was a shy 
bashful girl to whom the gay life of the court did not 
appeal. Her participation seems to have been slight 
although she did go into exile with Henrietta Maria 
when she was forced to flee to Paris. There Margaret 
met and shortly afterward married William Cavendish, 
then an earl whose reputation for valor and loyalty to 
the Stuarts won for him from the Parliamentarians the 
title of “the greatest traitor in England.” The Ear! 
and his Countess lived out their exile in Rotterdam and 
Antwerp in penury much of the time. After the Res- 
toration, William Cavendish returned to his country 
and the duchess followed him but turned away from the 
court and its frivolities. 

The Duchess claimed that she had no interest in the 
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usual vocations for ladies of her station but preferred 
to write out her thoughts as they came to her mind after 
reading and observation of the world around her. Her 
desire to write was like a disease that forced her to seize 
pen and paper. It was reported that she kept a few 
young ladies about her who were trained in penmanship 
to whom she could dictate her thoughts as they occurred 
to her. Some of these charming apprentices slept in 
a neighboring room to the bedchamber of the duchess 
to be near at hand even in the middle of the night. 

Although an unquestionably complete bibliography 
of the works of the duchess is not extant, it is known 
that she was the author of thirteen published volumes, 
a number of which have appeared in more than one 
edition. These contain twenty-one plays which have 
little merit. The characters are often abstractions 
which represent virtues and vices such as Lady Con- 
templation and Lady Chastity. The critics of her day 
pronounced the plots foolish or silly and worthlessly 
filled with the coarseness and ribaldry of the period. 
The volumes of imaginative poetry which were com- 
posed with some quaint grace and charm, if it were not 
for the absurd topics treated, might be commended. <A 
few of the “‘Fairy’”’ poems would rank with Herrick. 
The essays composed in the verbose style of the age 
were often filled with generous noble ideas combined 
with the ridiculous philosophy which Her Grace cited. 
In addition to the published volumes, there are three folio 
manuscripts in the British Museum which make the 
total production of the duchess remarkable for a woman. 
It is a pity that the work of this ambitious author is 
such a combination of shrewd sense, ignorance, and 
reckless fancy. 

Any connection which the duchess has with chemistry 
ismeager. It is only in her “Observations upon Experi- 
mental Philosophy” and by her references to the atomic 
theory in some of her early poems that she touches the 
field. She is to modern theorists merely odd and enter- 
taining, but she must be the epitome of the average 
learned individual of her times. She might have 
known some of the members of the Boyle family whe 
were at court except for Robert Boyle and a sister. 
She neither quotes him nor does she refer to the Royal 
Society, although the publication of two of Boyle’s 
books and the founding of that learned organization 
occurred in the same decade with her volume on 
philosophy. Her authorities in so far as they were 
quoted were the best known of the Greek philosophers, 
Paracelsus, Galen, and Doctor Dee. As a rule the 
duchess did not refer to others but depended only upon 
her own “Sense and Reason.” 


REASON: THE BASIS OF NATURAL PHILOSOPHY 


The most important volume which introduced views 
upon scientific subjects is entitled “Observations upon 
Experimental Philosophy to which is added a Descrip- 
tion of a New Blazing World.” (See Figure 2.) Pub- 
lished in two editions in 1666 and 1668, the table of 
contents: lists sixty-three essays of which twenty-three 
allude to science. Representative titles are, “Of 
Colors,” “Of the Nature of Water,’ “Of the Parts of 
Nature and of Atoms,’ “Eyes of Flies,” and “Of 
Chymistry and Chymical Principles.’”’ These topics are 
reminiscent of those other essay writers familiar to all, 
Boyle, Addison and Steele. The final half dozen essays 
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of Newcastl 


Figure 1. Margaret Lucas Cavendish, the Duch 


present, “Observations and Opinions of Some Ancient 
Philosophers” among whom are Thales, Plato, Pytha- 
goreas, Epicurus, and Aristotle. The duchess kriew 
the theories of these men to some extent, but her 
interpretation of their philosophy and science can be 
best described by her own statement about others: 
“Many just patch up beliefs of the ancients with some 
of their own and so make a Gallimaufry (in our language 
hash or hodgepodge) in Natural Philosophy.” 

In the introduction of this volume, the duchess 
wrote that Natural Philosophy was the hardest of all 
human learning because its results came only from 
contemplation. She based her views not upon experi- 
ment which was but a weak support but only upon 
common sense and reason. Perceptions of the senses 
were apt to deceive, but rational perception, which could 
be very active in the mind alone without contamination 
and which could supply everything that sensitive 
perception failed to give, was the perfect method to 
explain the whole world. So with her mind alone as 
instigator of sense and reason, this clever woman 
moved from thought to thought as confidently as the 
experimental scientist. Her views are imaginative, 
amusing, and sometimes preposterous, With little 
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comment or criticism they are presented for consider- 
ation. 

So great was the disfavor of the duchess toward ex- 
perimental philosophy that she proposed it as a pastime 
for women so that men might be freed from such pursuits 
to carry out some more important studies than useless 
experiments. Women might labor as well with fire and 
furnace as men, but whether they would find the 
philosopher’s stone she did not know because it was 
thought that the female sex was more apt to waste gold 
than to make it. However women might be happier at 
these experimental designs which evidently appeared 
to the duchess to be the folly of alchemists who had 
lost their prestige by this century. 

The two philosophical instruments, the microscope 
and the telescope, which had been lately introduced 
around the turn of the seventeenth century were decried 
as deceivers. These were her reasons: The microscope 
made a flea look as large as a lobster and everyone 
knew that that was false. If the beggars who suffered 
from flea bites were told this, they would not have be- 
lieved it, but even if they did, of what advantage would 
that have been since it would not tell beggars how to 
avoid breeding fleas or catch them or prevent them from 
biting. The microscope did not help the fowler dis- 
tinguish birds and made the face of a beautiful woman 
look like a monster. The point of a pin looked like a 
globe and the edge of a knife looked flat. A broad 
edged knife could not cut and a blunt pin would not 
pierce the body. Because magnified figures were mis- 
shapen from the natural and gave a wrong impression 


and appearance, the invention of the microscope did 
the world harm, and was likened to a high heel for a 
short leg. If the heel was made too high it was apt to 
make the wearer fall. Microscopes were not power- 
ful enough to show the ultimate form of matter which 
after all was not sufficient proof that the parts were 
uniform because the composition might be beyond the 
knowledge of man. 

Telescopes also depicted aspects which deluded since 
like the microscope they could not show interiors. The 
observed enlargement of the moon did not portray the 
truth. Everyone knew that if an individual climbe. 
up to the top of the highest Alpine mountain and 
trained a telescope from there toward the city of Paris 
that Paris could not be seen. Since that city was in- 
finitely nearer to the Alps than the moon was to the 
earth, then what was seen on the moon could not be 
credited. The best optic was said to be the natural 
eye which was the best judge of reason, the best in- 
former, and altered Nature least. Treatises written 
upon the subject of these artificial glasses were only 
superficial. It would be far better to have men 
spend their time in increasing the quantity of vegetables 
and brute animals to nourish men’s bodies than write 
such books. Advances in the art of architecture to 
build dwellings would be another laudable occupation. 
It was assumed that if men undertook such practical 
arts with enthusiasm then perhaps the disputes in the 
churches, schools, and courts of justice would be de- 
creased and men would live in plenty, peace, and 
neighborly friendship. 

The universe was pictured as ruled by Nature through 
a self-propelled motion which was the common attribute 
of all matter. In fact, matter and motion were one 
and the same. The trio magnitude, figure and weight 
were also identical as expressed in her couplet; 


But Figure, Matter, Motion, all is one 
Can never separate, nor be alone. 


Even gold was in motion because there was no such 
thing as complete rest which was treated but lightly as 
nonexistent. The Lucretian theory of atoms in a 
vacuum was denied as had been done since Galen’s time. 
Nature had to be infinite and when anything was cut 
it. instantly joined together again. There could be no 
vacuum in the universe or there would be islands in that 
vacuum which meant many instead of one world. If 
there were several worlds separated by the so-called 
vacuum, then it would cause confusion and disturbance 
among the worlds and the universe. It was nonsense 
for the universe to be made of body and vacuum, for that 
meant something and nothing. Nothing could not be a 
constitutive principle of anything. 

The Aristotelean concept of elements was acceptable 
to the duchess. When a piece of green wood burned it 
produced Fire in the flame, the smoke turned to Air, 
the Water hissed and boiled at the ends of the log, and 
the Earth was left in the form of ashes. A dry piece of 
wood had no Water, or one less principle since no hissing 
was heard when it was consumed. Aristotelian attri- 
butes were borrowed when water was characterized as 
fluid which was liquid and wet, “‘oyl’’ was a fluid which 
was liquid but not wet, and flame was a fluid which 
was neither liquid nor wet. “Oy!” could turn to flame 
whereas water was the opposite to flame and extin- 
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guished fire. These three fluid substances made up a 
very large portion of all nature. The concept advo- 
cated by Thales and Van Helmont that water was the 
primordial substance was discarded because water was 
known to kill or destroy vegetables. Some animals did 
live in water, but to most it was destructive, while men 
died sooner in marshy areas. All these reasons ex- 
pressed doubt that water alone was the source of 
matter. 


The essay on charcoal introduced some considerations 
of color and light which seem to be original and imagina- 
tive. The duchess appeared to have heard that color 
had some relationship to reflection of light which she 
denied as unreasonable. Since tempering of steel gave 
rise to different degrees of hardness depending upon the 
color of the metal at the highest temperature to which it 
was raised before quenching, color was a material which 
produced the hardness or softness of the steel. In 
addition light changed constantly and if reflected ought to 
produce variable colors on the objects which it touched. 
She also reasoned that the same light on different ob- 
jects ought to give them the same color which was not 
the case. Nor could the duchess conceive that constant 
colors could be made by inconstant atoms. Upon this 
belief both the atomic theory and reflection of light 
as a basis for color were rejected. Further suggestions 
were made that varied ideas of the mind ought to have 
different colors. The ideas of God could not be colored 
since they were not corporeal. Charcoal itself was 
black and colorless because of its porous character which 
took light into the recesses of the pores and obscured it. 
Ergo, a black horse ought to have deeper pores on his 
body than a white or sorrel, and a Moor should have 
larger pores than a man of white complexion. [If a fair 
lady bruised her arm, could anyone believe that the 
light was absent from that part of her arm when it 
was observed? Light could not make the difference 
between a young girl’s face and that of an old woman, 
or women would complain of light and not of age as the 
maker of a wrinkled, colorless countenance. The 
duchess did not deny that man had pores on his body 
through which the healing mineral waters might pene- 
trate, but the pores were never empty as that would 
infer a vacuum and God would not allow a vacuum 
which implied an imperfection. All that God had made 
by his all-powerful command was good and perfect. 
Then followed the argument that if the body was full 
there was no room for the soul. However, the soul was 
not a natural but a supernatural body which had no need 
of space. Spirit and vacuum were not the same since 
vacuum was pure nothing and the spirit was a super- 
natural something. God himself was a spirit, not a 
vacuum. Thus the lady’s arguments directed by whim 
and fancy went on and on from science to theology. 


If matter did consist of spherical units as had been 
proposed, the properties of salts came from points upon 
the surface of those balls. The points were likened 
to those known in everyday life, namely, the pin, the 
needle, pyramids, knives, and a candle flame. Vitriolic 
water consisted of balls with rough surfaces; salt-water 
particles possessed points but in an “oyl” the points 
were on the inside of a hollow globe because the ‘“oyl”’ 
did not penetrate many kinds of matter as easily as did 
water. Indeed water did not actually swell when it 
turned to ice for the apparent expansion was compared 
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to a man who stretched himself or blew out his cheeks 
but had not actually changed in his interior for he was 
still a man. Water naturally ascended if the chance 
arose as in pipes, pumps, and engines. Over heavy 
matter like rocks it always overflowed to get the better 
of another body. Inasmuch as slime, clay, dirt, and 
water turned vegetable matter into stone or petrified 
wood, it was likely that animals might be transformed 
When this took place a chemical 
process created a hard world. However, the last act 
of chemistry would be to dissolve the entire world in 
fire which would calcine everything to make a kind of 
glass to construct a brittle world. In the terms of the 
theologian, was this to be the Day of Judgement? 

In the essay on “‘chemysts,”’ the duchess wrote that 
they were not the only natural philosophers just because 
they tended to the art of fire and artificial experiment 
which merely deluded, although they pretended to 
greater knowledge than the rest. The trouble was that 
the ‘“‘chemysts”’ had not delved deep enough into Nature 
to see that she consisted of Sense and Reason. The 
chemist’s art might be profitable and very sovereign in 
some desperate diseases if discretely or moderately 
used, but if chemical medicines should be commonly 
applied as others were, then they might rather kill than 
cure. If Paracelsus were as frequently practiced as 
Galen, the results would be as bad as the plague, which 
was a very vivid comparison for 1666. So it was 
advocated to use chemical medicines only as extreme 
unction in the most severe cases and then in great 
moderation. .The chemist’s term “fixation” was im- 
possible since there was no such thing as something 
unalterable in Nature. Gold and silver might leok to 
be unchangeable because art could not do it, but that 
was no reason Nature might not make the transforma- 
tion. Chemists invented nothing which was new be- 
cause everything in Nature was created in the beginning. 
Only the form might be changed. Nature had no 
excesses but only balanced actions as expressed by the 
opposites: dilation and contraction; condensation and 
rarification; composition and division; gravity and 
lively; animate and inanimate; regularity and ir- 
regularity, and grossness and purity. 

Let this account of the futility of experiment conclude 
with the observation of the duchess that she noticed that 
the muses, the graces, and the sciences were all por- 
trayed as women in antiquity but she feared that so 
great was grown the self-conceit of the masculine and 
the disregard of the feminine that the men would turn 
these representations from females to males. This un- 
usually educated woman for her day sturdily ad- 
vanced the right of women to think for themselves 
about the philosophies of their world and inscribe them 
for posterity. 


‘“‘NOTHING CAN BE LESS THAN AN ATOM” 


One of two early works, published in 1653 and en- 
titled ‘Poems and Fancies,” was dedicated to her 
brother-in-law, Sir Charles Cavendish, to whom she 
turned in her extremity when lack of funds pauperized 
her husband and herself. Approximately thirty pages 
of these poems announced the structure of the world as 
atomic in character. To quote at some length she 
wrote: 


I cannot say that I have not heard of Atoms and of Figures, and 
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Motion, and Matter; but not throughly reason’d on: but if I do 
erre, it is no great matter; for my Discourse of them is not to be 
counted Authentic:... For I had nothing to do when I wrote 
it, and I suppose those have nothing, or little else to do, that read 
it. And the Reason why I wrote it in Verse, is, because I thought 
Errores might better pass there, than Prose; since Poets write 
most Fiction, and Fiction is not given for Truth, but Pastime; 
and I fear my Atoms will be as small Pastimes, as themselves: 
for nothing can be less than an Atom. 


Undoubtedly tutored in classical studies, the countess 
offered her picture of the world which incorporated the 
ideas of Democritus and his expositor Lucretius. Bor- 
rowed or modified, the views were presented with en- 
thusiasm to show that an atomic Universe was built 
when Nature called a council of Motion, Life, Form and 
Matter. Moisture, Drought, Heat and Cold con- 
structed the Earth’s ball in which earth was the founda- 
tion, water surrounded it, with the air pressing down 
on the water to keep it from overflowing the earth. Air 
was also a ceiling above which fire acted as a roof com- 
parable to the tile or slate on a house. This was 


To keep out the raine or wet, else it would rot: 
So would the World corrupt, if Fire were not. 


The atoms which comprised the world had four prin- 
cipal figures which were square, round, long, and sharp. 


The Square flat Atomes, as dull Earth appeare, 
The atomes Round do make the Water cleere 
The Long straight Atomes like to Arrowes fly, 
Mount next the points and make the Aiery Skie; 
The Sharpest Atoms do into Fire turn. 


The flat and round atoms were both of a duller char- 
acter than the other types. There was no space 
between the flat atoms which were said to have tri- 
angular parts while branched and crooked parts were 
developed from these long and sharp. Air was formed 
from long straight atoms pictured as hollow with like 
form at each end. The atoms of air were thin like a 
spider’s web to penetrate empty spaces. The sharp 
atoms of fire could cut their way through air which was 
an impossibility for the dull, flat types. This pictured 
the devouring action of fire in the world. The sharp 
atoms produced both heat and cold since the dull atoms 
could neither freeze or burn. In man the sharp variety 
of atoms were found in the brain where they gave rise 
to fancies. 

Further characteristics of atoms were described in 
the poems as follows: 


If Atomes are as small as small can bee, 

They must in quantity of Matter all agree: 

And if consisting of Matter of the same be right, 
Then every Atome must weight just alike 

Thus Quantity, Quality and Weight all: 

Together meets in every Atome small. 


The effect upon atoms of disordered motion was pic- 
tured in these four lines: 


But if they joyne like to a Rabble-rout, 
Without all order running in and out; 
Then disproportionable things they make, 
Because they did not their right places take. 


The contemporary classification of matter was the old 
differentiation into animal, vegetable, and mineral 
types. The strength of animals was considered to be 
dependent upon closely packed atoms. The more 
loosely packed vegetable atoms made plant life weaker 
except for the trees. In them, a dense atomic structure 


gave the wood strength. Animals and plants both had 
enough soft porous atoms so that Motion could get in, 
finally assume the upper hand, toss the atoms about 
and “Keep them from their right places, so Life goes 
out.”” For the third class the duchess wrote: 

In Minerals, They are so hard wedged in, 

No space they leave for Motion to get in: 


Being Pointed all, the closer they do lye, 
Which makes them not like Vegetable dye. 


In conclusion, mineral atoms were sharp and hard, vege- 
table atoms possessed atoms which were round and 
soft, and animals had not a single type but some of all. 
Inconsistencies are not hard to find in these descrip- 
tions, but there is little harm in letting the duchess have 
her way. 

In later poems coal was said to be filled with sharp 
atoms, formed like pincers which could seize, pierce, 
and consume houses. The fire produced was like an 
angry porcupine shooting his fiery quills, or the sharp 
teeth of a mouse eating into a cheese, or the beams of 
the sun. In contrast to these sharp and fiery atoms 
were the ashes left behind after fire had taken its 
course. 


Burnt wood is like unto an Army’s rout, 

Their formes undone, lye scattered all about. 
When Atomes sharpe, flat Atomes unbinde all, 
These loose flat Atomes, we straight ashes call. 


The sharp atoms made Life while the round watery 
atoms quenched Life out. _ Even if an individual stood 
at some distance from a fire, he was heated by the 
sharp atoms, ‘‘which though unperceived, cleave to the 
body.” It was well known that fire was produced by 
striking flint which was explained by the fact that the 
fire particles lay between the other figures of the flint 
and were released by motion. If flint had been pow- 
dered, the imprisoned fire particles escaped never to 
return, and no effort of motion would produce a spark. 

Because all phenomena of life depended upon the 
arrangement or the type of juncture of the several 
figured atoms, as might be anticipated, atoms caused 
illness. 


When sicke the Body is and well by fits, 
Atoms are fighting, but none the better gets. 


Health rested upon agreement of the atoms in the 
body. Excess of round atoms or water promoted 
dropsy. Rapid movement of sharp atoms produced 
heat, fever, or the dryness of consumption. Long airy 
atoms in excess generated colic, and abnormal concen- 
tration of flat atoms kept the body passages stopped up 
which kept out Motion so that the body became numb. 


Thus Sickness, Health, and Peace, and War; 
Are alwaies as the Severall Atomes are. 


There was said to be a very characteristic difference in 
the relationship of atoms and motion in youth and old 
age. In the young Motion was swift and the atoms 
were nimble and strong, but this promoted false starts, 
and the lack of experience led to error and death. In 
old age the atoms were weary enough to lie down ex- 
hausted and no longer had the energy to err. 

Atomic interpretation of natural phenomena included 
the great ocean waves produced by the round ball-like 
watery atoms which had no points to steady them- 
selves so clearly produced that constant undulating 
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motion. One brief poem gave “The Reason for the 
Roaring of the Sea.” 


All Waters Spherical, when Tides do Flow, 

Beat all those sphericall Drops as They do go. 

So Winds do strike those Watry drops to-gether, 
Which we at Sea do call Tempestuous Weather: 
And being sphericall and Cymball like, 

They make a sound, when each gainst other strike. 


When the Atoms and Motion quarreled, then Thunder 
was heard in the sky, earthquakes struck the land, and 
the high winds were produced. AH caused a horrid 
noise made by the atoms because Motion was prevent- 
ing the atoms from taking or remaining in their right 
places. 

In the volume entitled “‘Plays Never Before Printed,” 
published in 1668, we find once more voiced the pur- 
pose of the duchess when she wrote: “My books which 
I write and disperse abroad [are] only for my own 
pleasure, and not to please others.”’ There is good 
reason to be appreciative of the wit and learning of this 
lady in an age in which most women were far from the 
forefront of intellectual pursuits in England. 

After her death on January 7, 1763, the duchess was 


buried in Westminster Abbey where a monument was 
erected to her by her husband. The epitaph described 
her well in these words: “Her name was Margaret 
Lucas, youngest daughter of Lord Lucas, Earl of 
Colchester, a noble family for all the brothers were 
valiant and all the sisters virtuous.” 
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Tue theory and practice of the use of chromatography 
in qualitative analysis is not new.' ? This simple 
experiment makes use of an easy paper technique, is 
rapid, and requires no special apparatus or reagents. 
Excellent results are obtained by students who have 
done no previous work in chromatography. As little 
as 0.075 mg. of each ion can be detected. 

Whatman No. 1 filter paper is cut into strips ap- 
proximately 150 X 15 mm. to fit the usual 6-in. test 
tube. On each strip a line is drawn about 25 mm. from 
each end. A dot is placed in the center of one line. 
This will be the bottom of the strip, and development 
will take place from this end. The upper end is used 
for labeling. 

Distilled water is added to each of five 6-in. test 
tubes so that the height in each tube is about 10 mm. 
The sides of the tube must be kept dry. To the dot 
on a strip of paper add a small drop of silver test solu- 
tion (0.05 M). Let this dry and place a second drop 
of the same test solution on the first. When dry, the 
strip is placed into one of the tubes containing dis- 
tiled water. This must be done gently and care- 
fully and the strip must be kept vertical. The capil- 
lary action of the filter paper will draw the water 
1 Rourter, L., Nature, 161, 435 (1948). 


* Surak, J. G., anp R. J. Martinovicn, J. Cuem. Epwc., 32, 
93 (1955). 


A RAPID PAPER CHROMATOGRAPHIC ANALYSIS OF GROUP I CATIONS 


STEPHEN P. MARION and JAMES PSIHAS 
Brooklyn College, Brooklyn, New York 


upward, and with it some of the silver ion. When the 
solvent front has reached the upper line, usually in 
about half an hour, take out the strip and let it dry. 
This procedure is repeated with other strips using 
0.05 M test solutions of lead and mercurous ions, re- 
spectively. 

Another 6-in. test tube is filled almost to the top 
with 0.025 M K,CrO, solution. The dry strips are 
inserted so that they are immersed to the upper line. 
After a few moments the strips are removed and 
passed over the top of a beaker containing 15 M NH,OH. 
The colors (and change in colors) are noted after each 
operation. The procedure is repeated with a known 
solution containing the three cations of Group I, 
and later with an unknown. The results in these cases 
may be compared with each of the three test strips. 

The uppermost area will indicate the presence of lead. 
This zone will be colored yellow after the KyCrO, 
development and orange after subjection to the NH; 
fumes. The mercurous zone forms directly under the 
lead and may not be distinguishable after the chromate 
treatment but further development with ammonia 
turns it an easily recognized black. The lowest zone 
which is brick red after treatment with K,CrO, shows 
the presence of silver ion. This color will fade to a 
yellow after fuming with ammonia. 
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NATIONAL SCIENCE FOUNDATION SUMMER INSTITUTES FOR SCIENCE TEACHERS 


Nivety-rive grants, totaling $4,800,000, are being made for the Inquiries and applications for participation should be addressed to 


support of the 1957 summer institutes. These will provide directors of the individual institutes. Complete applications must 
financial assistance to over 4500 high-school teachers and 250 be filed by April 1, 1957. 

college teachers. Most will pay stipends directly to participating The following table lists all the institutes which wi!l provide 
teachers, at the rate of $75 per week plus $15 per week for each training for teachers of chemistry, Where work in fields of study 
dependent (to a maximum of 4). Travel allowance equal to a in addition to chemistry will be available, the following symbols 
single round trip at the rate of 4 cents per mile (maximum $80) have been used: A, astronomy, B, biology, FZ, earth science, 


will be paid the participant. Tuition and fees will be covered. G, general science, M, mathematics, P, physics. 


SUMMER INSTITUTES FOR CHEMISTRY TEACHERS 
Host institution, address Director Approximate dates 


For College Teachers Only: 
Univ. of North Carolina, Chapel Hill, N. C. 


S. Y. Tyree, Jr. (Chemistry) 6/6-7/14 


For High-school and College Teachers: 
Montana State Coll., Bozeman, Mont. L. O. Binder (Chemistry) 7 /22-8/23 


For High-school Teachers Only: 
New Mexico Highlands Univ., Las Vegas, 


N. M. E. G. Meyer (Chemistry) 6/24-8/16 
St. Louis Univ., St. Louis, Mo. T. A. Ashford (Chemistry ) 6/17-7/29 
Tufts Univ., Medford, Mass. M. K. Wilson (Chemistry ) 7/8-8/16 
Tuskegee Inst., Tuskegee, Ala. W. E. Belton (School of Agric.) 6/10-8/3 
Univ. of California, Berkeley, Calif. C. E. Ballou (Biochemistry ) 6/14-7/28 
Univ. of New Hampshire, Durham, N. H H. A. Iddles (Chemistry ) 6/17-8/9 
Univ. of Rochester, Rochester, N. Y. H. R. Anderson (Dir. of Summer Session) 7/1-8/9 
Univ. of Wisconsin, Madison, Wis. M. L. Holt (Chemistry) 6/28- 8/23 
Utah State Agric. Coll., Logan, Utah H. O. Van Orden (Chemistry) 6/10-7/19 


SUMMER INSTITUTES FOR HIGH-SCHOOL SCIENCE TEACHERS 


Fields of study 
(in addition to ; Approximate 


Host institution, address chemistry) Director dates 
Allegheny Coll., Meadville, Pa. B, E, P R. E. Bugbee (Biology) 7/1-8/23 
American Univ., Washington, D. C. P Leo Schubert (Chemistry) 6/24-8/16 
Arizona State Coll., Flagstaff, Ariz. A, B, E, M, P Junia E. McAlister (Chemistry) 6/17-8/9 
Atlanta Univ., Atlanta, Ga. B, M, P K. A. Huggins (Chemistry) 6/10-8/9 
Baylor Univ., Waco, Tex. i B. C. Brown (Biology) 6/3-7 /26 

. Bucknell Univ., Lewisburg, Pa. A, B, M, P Lester Kieft (Chemistry) 7/3-8/16 
Clarkson Coll. of Tech., Pottsdam, N. Y. M, P F. G. Lindsey (Dir., Summer Program) 7/8-8/26 
Colorado Coll., Colorado Springs, Colo. B, E, G, M, P L. N. Pino (Dean) 6/16-8/10 
Duke Univ., Durham, N. C. B, M, P W. M. Nielsen (Physics) 6/11-8/10 
Iowa State Coll., Ames, Iowa B, M J. A. Greenlee (Dean of Science) 6/17-7/26 
Kansas State Teachers Coll., Emporia, Kan. _ B, E, P W. N. Baker (Biology) 6/3-7/13 
Louisiana State Univ., Baton Rouge, La . B, M, P H. B. Williams (Chemistry) 6/6-8/10 
Marshall Coll., Huntington, W. Va. A, E, P D. C. Martin (Physics) 6/3-7/12; 

7/15-8/23 
Michigan State Univ., East Lansing, Mich. M, P F. B. Dutton (Chemistry) 6/24-8/2 
Morgan State Coll., Baltimore, Md. A, B, E, M, P T. P. Fraser (Sci. Educ.) 6/17-8/9 
Murray State Coll., Murray, Ky. B, E, P A. M. Wolfson 6/10- 8/2 
North Carolina Coll., Durham, N. C. B, M, P W. H. Robinson (Physics) 6/10-7/17 
Oak Ridge Inst. of Nuc. Studies, Oak Ridge, 

Tenn. P R. T. Overman (Box 117) 7/29-8/23 
Ohio Univ., Athens, Ohio A, B, E, M, P Gilford Crowell 7/1-8/10 
Ohio Wesleyan Univ., Delaware, Ohio A, E, P H. N. Maxwell (Physics) 6/17-8/10 
Oklahoma A & M Coll., Stillwater, Okla. B, M, P J. H. Zant (Mathematics) 6/3-8/3 
Rensselaer Polytech. Inst., Troy, N. Y. P E. B. Allen 7/1-8/24 
San Jose State Coll., San Jose, Calif. A, B, E, P Wilbur Sprain (Phys. Sci.) 6/24-8/2 
South Dakota State Coll., Brookings, S. D. B, M, P K. E. Howard (Chemistry) 6/11-8/3 

B, E, M, P J. P. Harris (Biology) 6/5-7/20 


Southern Methodist Univ., Dallas, Tex. 
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SUMMER INSTITUTES FOR HIGH-SCHOOL SCIENCE TEACHERS 


; Fields of study 
(in addition to Approximate 
oan Host institution, address chemistry) Director dates 
; Stephen F. Austin State Coll., Nacogdoches, 
Tex.” B, P H. E. Abbott (Chemistry) 6/5-7/17 
desis Syracuse Univ., Syracuse, N. Y. A, B, E, P A. T. Collette 7/1-8/9 
ence, Univ. of Alabama, University, Ala. B, E, G, M, P C. K. Arey (Education) 6/10-7/20 
Univ. of Alaska, College, Alaska B, M, P _W. K. Keller 6/10-8/9 
Univ. of Arizona, Tucson, Ariz. - B,? M. G. Seeley (Chemistry) 6/10-7/13 
Univ. of Arkansas, Fayetteville, Ark. A, B, E,G, M,P __L. F. Bailey (Botany) 6/13-7 /12; 
7/15-8/23 
Univ. of California, Berkeley, Calif. B, M, P T. N. Barrows (Univ. Extens. ) 6/17-8/9 
Univ. of California, Los Angeles, Calif. B, MP W. G. Young (Chemistry) 6/24-8/2 
_ Univ. of Hawaii, Honolulu, Hawaii B, P J.J. Na nap (Chemistry ) 6/20-8/14 
Univ. of Idaho, Moscow, Idaho B, M, P W. H. Cone (Phys. Sci.) 6/17-8/10 
——. Univ. of Maryland, College Park, Md. A, B, M, P G. W. Wharton (Zoology) 6/24-8/2 
Univ. of Minnesota, Duluth, Minn. M, P W. R. McEwen 6/17-7/19 
Univ. of Minnesota, Minneapolis, Minn. M, P J. W. Buchta (Physics) 6/17-8/3 
Univ. of Mississippi, University, Miss. B, M, P D. R. Hutcherson (Grad. Sch.) 6/3-8/16 
Univ. of Missouri, Columbia, Mo. M, P W. J. Dale (Chemistry) 6/10-8/3 
Univ. of N. Carolina, Chapel Hill, N. C. B, M, P ~ E. A. Cameron (Mathematics) 6/6-7/19 
Univ. of N. Dakota, Grand Forks, N. D. M, P J. D. Henderson (Physics) 6/17-8/9 
Univ. of Pennsylvania, Philadelphia, Pa. B, M, P P. E. Jacob (Summer School) 6/24-8/3 
Univ. of S. Dakota, Vermillion, 8. D. B, M, P C. R. Estee (Box 57) 6/10-8/2 
Univ. of Texas, Austin, Tex. B, M, P R. C. Anderson (Chemistry ) 6/10-7/19 
Univ. of Wyoming, Laramie, Wyo. P R. J. Bessey (Physics) 6/10-8/16 
Virginia Polytech. Inst., Blacksburg, Va. B, E, M, P T. M. Hahn, Jr. (Physics) 6/12-8/7 
Wesleyan Univ., Middletown, Conn. A, B, E, M, P R. A. Gortner, Jr. (Biology) 7/1-8/13 
Western Mich. Coll., Kalamazoo, Mich. B, P G. G. Mallinson (Dean, Grad. Sch. ) 6/24-8/16 
ie NATIONAL SCIENCE FOUNDATION ACADEMIC YEAR INSTITUTES FOR 1957-58 
SIXTEEN GRANTs, totaling $4,065,000, are being made for the $3000 will be paid to the participants with an additional allow- 
support of academic year institutes. It is estimated that 750 ance of $300 for each dependent (maximum 4). Travel allowance 
high-school teachers will be enrolled. Fourteen of these insti- of two round trips from home to institute at the rate of 4 cents 
tutes will offer special courses in the various sciences and mathe- per mile (maximum, $80) will also be made. Tuition and other 
matics planned cooperatively by members of the science, mathe- fees will be covered as well as an allowance for books. 
matics, and education departments of the host institutions. Inquiries and applications for participation should be addressed to 
Each will provide for the adaption of the curriculum to individual the directors of the individual institutes. Complete applications 
needs. Work will lead toward the master’s degree. Stipends of must be filed by February 21, 1957. 
) 
) 
Host institution, address Director 
23 Harvard Univ., Cambridge, Mass. Prof. E. C. Kemble (Physics) 
Ohio State Univ., Columbus 10, Ohio Prof. John 8. Richardson (College of Education) 
Oklahoma A & M College, Stillwater, Okla. Prof. James H. Zant (Mathematics) 
Oregon State College, Corvallis, Oregon Prof. Stanley E. Williamson (Science Education ) 
7 Pennsylvania State Univ., University Park, Pa. Prof. William H. Powers (Arts and Sci. Extension) 
Stanford Univ., Stanford University, California Prof. Harold M. Bacon (Mathematics) 
3 Washington Univ., St. Louis, Mo. Dean T. S. Hall 
Univ. of Colorado, Boulder, Colo. Prof. William E. Briggs (Mathematics) 
ny Univ. of Michigan, Ann Arbor, Mich. Prof. Freeman D. Miller (Astronomy ) 
Univ. of North Carolina, Chapel Hill, N. C. Prof. Edwin C. Markham (Chemistry ) 
Univ. of Texas, Austin 12, Tex. Prof. Robbin C. Anderson (Chemistry) 
, Univ. of Utah, Salt Lake City, Utah Prof. T. J. Parmley (Physics) 
: Univ. of Virginia, Charlottesville, Va. Prof. James W. Cole (Chemistry) 
Univ. of Wisconsin, Madison 6, Wis. Prof. C. H. Sorum (Chemistry ) 
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Ix previous papers, I have reviewed the chemical and 
related literature emanating from Italy, from Japan, 
and from Spain (1). Another large segment of Spanish 
language scientific literature comes from South America. 
In addition there is Portuguese literature from Brazil. 
The chemical and related literature of South America 
has been more or less terra incognita for the American 
chemist engaged in literature searches. Yet the flow 
of scientific papers from South American sources has 
been steadily increasing in volume and importance, 
particularly during the last decade. 

For the purposes of this discussion, I shall include 
in the term “South America” all countries south of 
the Rio Grande except European colonies and Puerto 
Rico. 


HISTORICAL DEVELOPMENT 


Spanish South America. Documentation of a chem- 
ical or related character may be traced back to the 
time of Christopher Columbus. His expeditions were 
undertaken to find an all-water passage to the East 
Indies, an area from which came the spices and herbs 
used in the preparation of medicines. Therefore, it is 
to be expected that Columbus and other explorers of 
the new continent who came after him should have 
paid some attention to medicinal plants and to drugs 
derived from them. Columbus, during his first voyage 
(1492-93), was accompanied by a surgeon. His 
name is unknown and the journal maintained by 
Columbus has been lost. However, Las Casas (1474- 
1566), who wrote a history of the Indies, had access 
to this journal of Columbus and abstracted it (2). 
The second expedition of Columbus also included a 
surgeon and Chanca, a physician. In 1493 Chanca 
wrote to the Chapter of Sevilla and mentioned some 
drugs, such as turpentine and ginger (4). This might 
be held to be the beginning of scientific chemical docu- 
mentation in South America. 

The subsequent creation of a Spanish colonial empire 
in the Americas brought the Spanish language and 
culture to the continent. During the sixteenth century 
considerable scientific documentation originated in 
Spanish America. The same period saw the creation 
of the first universities on the continent—the Univer- 
sity of Santo Domingo, founded in 1538 following a 
petition of the Dominican Brothers to Pope Paul 
III (4); the University of Mexico, founded in 1551 
(6); the University of Columbia, founded in 1573 
(6); and San Marcos University in Lima, Peru, 
founded in 1551 (3). 

One of the first detailed descriptions of American 


1 Presented before the Division of Chemical Literature at the 
129th Meeting of the American Chemical Society, Dallas, April, 
1956. 


THE CHEMICAL AND RELATED LITERATURE 
OF SOUTH AMERICA’ 


LEO J. STEVENS 
Smith, Kline & French Laboratories, Philadelphia, 
Pennsylvania 


drug plants can be found in an Aztec herbal called 
the Codex Badianus, written by an Aztec, Martin de 
la Cruz, and translated into Latin by another Aztec, 
Juannes Badianus, in 1552. The manuscript is in the 
Vatican Library and it was translated into English 
in 1940 (7, 8). In 1931 Tulane University published 
a survey showing the botanical knowledge of the 
Maya Indians, including over 400 uses of various drug 
plants (9). 

Another important work of this early period is the 
treatise of Francisco Hernandez (1571-1677), which 
gives a description of 1300 medicinal plants indigenous 
to Mexico, and describes their popular uses. A modern 
version of this text is available, edited by the Depart- 
ment of Botany of the University of Mexico (8, 10), 
and chemists working with natural products refer to 
it even today. Most of the original manuscript, com- 
prising 17 volumes, was destroyed by fire at the Royal 
Library in Madrid in 1671 (71). 

Nicholas Monardes, a physician of Sevilla, published 
another treatise on American drugs in 1574. It was 
translated into Latin by Carolus Clusius and later 
into several modern languages (/2, 13). Monardes 
was never in South America and he collected the vo- 
luminous information from people returning from the 
colonies (14). Another very early work was that of 
Gonzalo Valdes, which described drugs of the Americas 
and their uses (15). 

Among developments during the seventeenth century 
were the founding of the University of Cordoba, Ar- 
gentina (1613), the University of Sucre, Bolivia (1623), 
and the University of Cuzco, Peru (1692). In 1615, 
Francisco Ximenez, a Dominican monk, botanist and 
writer, published in Mexico his ‘Los Quatro Libros de 
la Naturaleza,” which described medicinal plants and 
their uses (16). 

Around 1770, a certain Dr. José Bernard wrote on 
the subnitrate of mercury. He later became a pro- 
fessor at the University of Havana (17). Toward the 
end of the eighteenth century, Alexander von Humboldt 
compiled a personal narrative of his travels through 
America, which he undertook with the French natural- 
ist, Bonpland (18). His travelogue is of pharma- 
ceutical interest. 

The Spanish colonial empire in South America col- 
lapsed in the beginning of the nineteenth century and a 
number of independent republics were formed. How- 
ever, this did not bring about political stability. A 
period of civil unrest followed, not generally favorable 
to scientific development. However, the Sociedad 
Cientifica Argentina was founded during this period 
in 1872; also the Asociacién de Quimica y Farmacia 
del Uruguay, in 1888. 

Modern chemical literature came into being in the 
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twentieth century.. The Anales del asociacién quimica 
argentina first appeared in January, 1913, and is still 
the most important chemical periodical in the Spanish 
parts of South America, particularly with respect to 
alkaloid chemistry. 

The main growth of chemical and related literature 
occurred during the last decade. From 1940 on, the 
volume of this literature has increased manyfold, and 
at the present is still increasing. The details of the 
current situation in each country will be discussed later. 

Portuguese South America. That vast part of the 
sub-continent which is now Brazil was claimed for 
Portugal by Vasco de Gama and Amerigo Vespucci. 
While scientific documentation of a type related to 
chemistry began comparatively early in Spanish South 
America, a similar development in the Portuguese 
parts did not come until about the eighteenth century. 
The year 1772 may be considered as the beginning, 
when in Rio de Juneiro the Academia Cientffica do 
Rio de Janeiro was founded with some emphasis on 
the physical sciences. Shortly thereafter, in 1788, 
the first chemical textbook was published—the “El- 
ementos de Quimica” by da Silva Telles (19). 

It is recorded that a few Brazilians managed to study 
in Europe during the eighteenth century. De Andrada 
e Silva studied chemistry and mineralogy in France 
around 1790 and published in the Journal de Chimie. 
He later became a professor of metallurgy at the Uni- 
versity of Coimbra, Portugal. He also wrote the 
first paper on natural products from the Brazilian 
flora, “Chemical Experiments on Cinchona from 
Rio de Janeiro as Compared with Others” (19). 

The period during which Brazil gained her inde- 
pendence proved to be beneficial for scientific develop- 
ments and we notice that a “Laboratério Quimico 
Pratico”’ for the preparation of soaps and the control 
of drugs was founded in 1812. In 1817, the first 
chemistry course was established in the state of Bahia. 

In 1818, de Andrada e Silva, started an analytical 
laboratory in Rio which in 1824 became the “Labora- 
tério Quimico do Museu Nacional.” Schools of phar- 
macy were added to the medical colleges in Bahia 
aud Rio de Janeiro in 1832, and in 1839 an “Escola de 
Farmacia de Ouro Preto” was founded in the state of 
Minas Gerais. 

The first course in organic chemistry began in 1874 
at the “Escola Politécnica,” at which time some re- 
search in natural products was also undertaken by 
Theodoro Peckolt who studied in Germany. 

In 1889 the Brazilian monarchy was abolished and 
the country became a federal republic. In 1900 the 
Instituto Oswaldo Cruz was organized and since that 
time has gained wide recognition for research in biology 
and related fields. The Instituto Butantan in Sao 
Paulo followed in 1901 and soon became a center of 
research concerning serology and snake poisons. 

In 1919 the Brazilian Congress passed a law es- 
tablishing courses for industrial chemistry in several 
of the Brazilian states (19). In 1920, the Brazilian 
Pharmaceutical Association was founded (6). In 
1951, came the Sociedade Brasileira de Quimica (foun- 
ded 1922) and the Associacg&éo Quimica do Brasil (foun- 
ded 1941) joined to form the Associag&o Brasileira de 
Quimica, which now has more than 700 members and 
is the country’s representative chemical society (6). 
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Concomitantly with the above developments, the 
publication of chemical literature increased. 

In 1951, the Conselho Nacional de Pesquisas was 
founded. This Brazilian National Research Council 
is organized along the lines of the similar institution in 
Washington, D. C. Under the auspices of the Bra- 
zilian institution, an institute was founded in Manaus 
which is dedicated to research concerning natural prod- 


- ucts of the Amazon region (19). 


STATISTICS 


South American chemical and related literature is 
only a smal! part of the world’s relevant documenta- 
tion (2/-24). In 1942, for instance, Crane noted that 
approximately 3% of the journals abstracted by Chem- 
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ical Abstracts originated in South America (24). The 
distribution of the output of chemical literature coming 
from countries south of the Rio Grande is shown by 
the surveys of Boig and Howerton, who in 1949 noted 
that in the field of organic chemistry Chemical Ab- 
stracts carried nine abstracts from Argentina, eight 
from Mexico, six from Brazil, and two from Uruguay 
(22, 23). In the medical literature, Argentina and 
Brazil head the list of South American countries (25). 

General Indices, Bibliographies, Encylopedias, Etc. 
The Publicaciones de la Oficina de Ciencia y Tecnologia: 
Guia de Instituciones y Sociedades Cientificas Latino- 


americanas and the Revista Interamericana de Bib- 
liografia are useful. The Pan American Union in 
Washington, D. C., also publishes a directory of Latin 
American university journals and serial publications 


‘ (28). Useful information can be found also in the 


UNESCO bibliography, “Latin American Contribu- 
tion to Scientific Progress: Chemistry 1948-1949.” 
One hundred seventy-nine abstracts of chemical papers 
from twenty-six different periodicals of South American 
origin are listed (26). Another UNESCO publication, 
“Science Institutions and Science in Latin America,” 
is written in Spanish and English (27). 
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A “Diccionario enciclopédico de las Americas,” 
covering many subjects including the general sciences, 
is published in Buenos Aires (29). 

Only six of the South American republics appear to 
have national pharmacopoeias: Argentina, Brazil, 
Chile, Mexico, Paraguay and Venezuela. The French 
pharmacopoeia has been adopted by Bolivia, El Salva- 
dor, Guatemala, Haiti, Peru, the Dominican Republic, 
and Uruguay. Costa Rica, Cuba, Honduras and Pan- 
ama use the U. S. pharmacopoeia. Both the French 
and U. S. pharmacopoeias have been adopted by 
Colombia, Ecuador, and Nicaragua. Cuba and Par- 
aguay also have their own National Formulary (30, 
30a, 30b). 

Information concerning academies, institutes, soci- 
eties, and universities has been summarized in Table 1. 

The chemical and related literature of South America 
comprises several hundreds of periodicals and other 
forms of printed information. A limited number of 
important periodicals are listed in Table 2 

Patents and Patent Journals (31). Patents of in- 
vention are granted by all governments south of the 
Rio Grande. Some important facts concerning the 
patent practice of these countries and patent journals 
are summarized in Table 3. 
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~ Ozone has long been recognized as an excellent tool for 
determining the positions of double bonds in un- 
saturated organic compounds, and is finding increas- 
ingly greater usefulness as an oxidant in preparing 
higher oxidation states of metals and in synthesizing 
organic compounds. Most commercial machines de- 


To “ Transformer 


OstOe 


CO, outlet 


a 
= 
3 
ww 
N 


H 


Laboratory Ozonizer 


A SMALL, COMPACT OZONIZER FOR 
LABORATORY USE 


- 3-5, 16-17 (1946). 
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signed for large ozone output are rather large and 
costly. Ozonizers with maximum output have been de- 
scribed in the literature? but most are of complicated 
design or are too large for use inside small hoods. The 
simpler ozonizers described in the literature* tend to 
sacrifice ozone output for compactness and simplicity of 
design. The apparatus described below is designed 
specifically to produce a relatively high percentage 
ozone output at a minimum cash outlay and a minimum 
space requirement. 

Ozone production in a silent-electrical discharge type 
ozonizer is greatly affected by the type of glass which 
comes in contact with the oxygen (soft glass is best), 
and the temperature (Thorp and Armstrong‘ found that 
the output at —55°C. is approximately three times that 
obtained at room temperature). The percentage out- 
put can be increased by connecting several ozonizer 
tubes in series to increase the electrode area. 


CONSTRUCTION OF APPARATUS 


The individual ozonizer tubes were constructed of 
soft glass. The inner tube was 12 mm. O.D., the outer, 
22 mm. O.D., and the outlets were8 mm. O.D. A some- 
what larger size tubing must be used for the inner tube 
if the secondary voltage of the transformer employed 
is less than 8000 volts. The seal of inner to outer tubes 
should be as close as possible to the inlet in order that 
maximum electrode area may be obtained. 

The container which holds the ozonizer tubes was 


1 Present address: Ethyl Corporation, Baton Rouge, Louisi- 
ana. 

2 Borer, H., Rev. trav. chim., 70, 1020-32 (1951). 

3 SHEEHAN, W., anD W. Carmopy, Ind. Eng. Chem., Anal. Ed., 
9, 8 (1937); Gross, M. J. anp M. Puiturps, J. Assoc. Agr. 
Chem., 21, 326-31 (1938); Unria, K., J. Caem. Epuc., 22, 582 
(1945). 

‘ Tuorp, C. E., anp W. J. Anmstrona, The Frontier 9, No. 2, 
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constructed of 74-mm. O.D. Pyrex tubing, 21 cm. in 
length and slightly flared at the top. A 600-ml. Ber- 
zelius beaker is adequate for this purpose but is smaller 
and, consequently, permits less electrode area. The 
three ozonizer tubes were held in place by a support cut 
from a clay plate on the bottom of the container. If a 
noneorrosive material is to be used as an electrode, this 
support may be conveniently constructed from a large 
rubber stopper. The support at the top was made of 
1’;-inch plywood, shaped to fit the flared top of the 
container, designed to maintain the tubes in a vertical 
position. 

When the ozonizer tubes were in place, the top sup- 
port was firmly fastened to the Pyrex container by 
means of friction tape. The tubes were connected in 
series by means of Tygon tubing; both Pyrex container 
and inner types were filled with 7.7 M zine chloride solu- 
tion; and copper wires leading from the secondary of the 
transformer were permitted to dip into the electrode 
solution. The inner electrode may be mercury, or any 
type of electrolytic conductor which will not freeze at 
the temperature of the cooling bath. The ozonizer was 
then placed in a 2000-ml. Dewar vessel which contained 


a suitable cooling bath, supported at the top by a cork 
ring. The cork ring was fitted with an opening to per- 
mit addition of solid carbon dioxide if the temperature 
became too high during ozonization. 

The transformer used was a war-surplus navy trans- 
former, capable of 10,800 volts secondary voltage when 
operating at a primary voltage of 115 volts. Discharge 
between electrodes did not take place at voltages less 
than 8000 volts. A variable transformer was used to 
regulate the voltage, and the lines leading to the pri- 
mary of the transformer contained 2-ampere fuses. 

This ozonizer, while taking up no more space than a 
2000-ml. Dewar vessel and only 26.5 cm. in height, con- 
sistently produced between 7.5% and 8.0% (by weight) 
ozone at a temperature of —40°C. and a 60-cycle volt- 
age of 10,500 volts. Tank oxygen, carefully dried 
by passage through magnesium perchlorate, was 
passed through the apparatus at a flow rate of 5 to 6 
liters per hour. Lower percentage conversion was ob- 
tained at faster flow rates. The conversion may be in- 
creased by maintaining the temperature somewhat 
lower than —40°C. and also by using voltage of greater 
frequency. 


AN APPARATUS FOR THE MICRODETERMINATION OF MELTING 


A NuMBER of microscope hot stages have been proposed 
for the microdetermination of melting points,'?*4 
and several such devices are currently on the market. 
A simplified apparatus described here can be con- 
structed at nominal cost, frequently entirely from scrap 
material. 

The apparatus illustrated was constructed from an 
aluminum block by machining a circular depression in 
the face and drilling holes as shown. A number 50 
drill was used to bore holes in the ends of two 2 #/2-in. 
6 X 32 machine bolts. These were bolted in position 
on the Formica block and wrapped with mica tape. A 
30-in. piece of 22-gage nichrome wire was wound evenly 
along the bolts, threaded through the holes, and the 
bolt ends crimped. The resistance of this element is 
2.5 ohms. 


‘ Ampur, I., anp E. V. Hsort, Ind. Eng. Chem., Anal. Ed., 
2, 259 (1930). 

* CLEVENGER, J. F., Ind. Eng. Chem., 16, 854 (1924). 

* Dunsar, R. E., Ind. Eng. Chem., Anal. Ed., 11, 516 (1939). 

‘ F. P., anp J. H. Wurrs, Ind. Eng. Chem., 
Anal. Ed., 12, 436 (1940). 
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A circular coverslip is placed in the center depression 
and the sample, which can consist of a single crystal, 
is centered. A second coverslip is placed on top. The 
stage is heated by applying 6-10 volts through a vari- 
able transformer. Melting can be conveniently 
observed with a polarizing microscope, or by inserting 
polaroid discs in the light source and eyepiece of a 
standard microscope. 
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Denraz caries is essentially a chemical problem, for it 
involves the destruction of an inorganic salt and of a 
protein binder of the inorganic crystals, brought about 
by reaction with chemicals formed by the bacteria 
which are found in the mouth. For a long time it was 
assumed that the mechanism of this destruction was 
quite simple. Carbohydrates from the food were 
supposed to be retained on the teeth either by impac- 
tion in cracks and crevices or under a mucinous film, 
called a plaque, which often forms on the tooth sur- 
face. These carbohydrates were then fermented to 
lactic acid by mouth bacteria. The acid dissolved 
the inorganic salt, a form of calcium phosphate, and 
the residual protein was then destroyed by simple 
abrasion or by the attack of proteolytic bacteria. It 
is now known that this picture is far too simple. 
Carbohydrate fermentation is important in the whole 
picture, but there are many other factors involved. 

Actually, dental caries is a complex process which 
depends on the interrelation of the tooth itself, with all 
the strengths and weaknesses built into it during its 
formation, and the various physical, chemical, and 
biological factors of the oral environment. Preven- 
tion or reduction of caries can therefore be attempted 
either by strengthening the tooth or by changing the 
oral conditions. Perhaps in the end a combination of 
both methods will prove most effective in preventing 
decay, but at present the majority of attempts at 
caries reduction have been confined to one or the other 
of these two methods. 

Procedures designed to alter the oral environment 
in order to discourage the growth of bacteria which may 
cause caries have not so far been completely successful. 
In the light of the fermentation theory, the most 
obvious method is reduction in intake of carbohydrate 
foods, especially sugar. This has not proved practical 
on a large scale because most people prefer to eat 
many sweet foods and do not concern themselves with 
possible tooth decay a year later. Reliance on good 
tooth brushing to remove carbohydrates before they 
can ferment encounters similar psychological diffi- 
culties. Both these methods are known to be effec- 


1 Presented in part at the Second Pan-American Dental Con- 
gress, Ciudad Trujillo, Dominican Republic, October 9, 1956. 
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tive, but it is doubtful if either will lead to a very 
marked reduction in the general incidence of caries. 

Addition of therapeutic substances to toothpastes is a 
method which suffers from some of the disadvantages of 
attempts to improve tooth brushing habits. However, 
if spectacular results are promised because of some im- 
pressive medical claim, patients may be more willing 
to use a dentifrice than if they are merely told they 
should do so. A number of therapeutic dentifrices 
have appeared on the market in recent years, and far- 
reaching claims have been made for some of them. 
A few have even had clinical tests, but the results up to 
now have not been outstanding. 

Chlorophyll dentifrices received much publicity, but 
have shown no value. Ammoniated dentifrices showed 
some ability to reduce caries, but the over-all effect 
was so slight that their use seems hardly justified. 
Penicillin dentifrices actually do reduce decay to a 
marked degree, but antibiotics are perhaps too potent 
to use in a toothpaste. There is too much danger of 
sensitizing the patient or of producing resistant strains 
of microorganisms which might prevent proper use of 
these drugs in a later medical emergency. The so- 
called “‘anti-enzyme” dentifrices rely on the presence 
of an agent which is supposed to remain in the dental 
plaque and prevent the growth of acid-producing bac- 
teria. They have shown some promise, but they have 
not yet been sufficiently tested on a clinical scale to 
speak positively of their success. -Their advertising, 
which stresses that their users need not brush their 
teeth very often, seems to be a definite set-back to 
attempts to improve tooth brushing habits (/). 

The second major method of attack on caries is the 
alteration of tooth structure in some way to make it 
more resistant. Here greater success has been at- 
tained through the use of fluorides which can be 
applied in various ways and with varying degrees of 
success. 


FLUORIDES MOST EFFECTIVE 
Essentially, fluorides are effective because they can 


be built into the mineral structures of enamel and den- § 


tin. The inorganic salt of the teeth is a-basic tri 
calcium phosphate called hydroxyapatite. It can be 
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assigned the formula 3Ca3(PO,)2Ca(OH)2, but ac- 
tually the hydroxy] group in the crystal lattice can be 
replaced by varying amounts of other ions such as 
chloride, carbonate, or fluoride if these ions are pres- 
ent in the solution from which the apatite precipi- 
tates. The number of ions which will thus substitute 
depends on their concentration in the solution. The 
hydroxyapatite of teeth comes from the tissue fluids, 


znd so ultimately from the blood, which has a rela- - 


tively constant content of chloride and carbonate. 
The fluoride content of the blood can vary widely, how- 
ever, depending on the amount taken in in the diet, 
and so variable amounts of this ion can enter the cal- 
cifying tooth. Of course, when calcification is com- 
plete, no more fluoride can thus be built in. The fluo- 
ride may enter the crystal lattice by direct incorpora- 
tion as the crystal grows, or by subsequent adsorption 
and ion exchange with hydroxyl groups already in the 
lattice. In either case, it forms an integral part of the 
tooth itself. 

Once fluoride is present in the lattice it reduces the 
solubility of the apatite in acids. The local release of 
fluoride by acids when they do dissolve the apatite may 
liberate enough fluoride ion at the exact site of the de- 
veloping caries to inhibit some of the enzyme systems 
of the bacteria and thus stop further fermentation. 
This does not, of course, require a high concentration 
of fluoride in the mouth as a whole. Both of these 
mechanisms can act to prevent the progress of decay. 
Extended clinical observations have shown that 
fluorides actually are the most effective agent now 
known for reducing caries. It is therefore of interest 
to consider some of the ways in which they can be 
used. 


FLUORIDATION OF DRINKING WATER 


The method which gives the best results is to supply 
fluorides continuously at a concentration of about one 
part per million in the drinking water when the teeth 
are calcifying. Fluoride is then built into the entire 
tooth structure and will be present there for the entire 
life of the tooth. Recently another advantage of this 
method has been shown. After formation of the tooth 
is complete, it remains for some time in the gum before 
it finally erupts. During this period it is still con- 
tinuously exposed to the tissue fluids, which will con- 
tain fluoride as long as this ion is being taken in in the 
diet. During this time, further exchange of the fluo- 
ride from the tissue fluid with ions in the enamel surface 
continues. As a result, a very high concentration of 
this element is built up and the enamel surface, where 
caries begins, is even richer in fluoride than the mass of 
enamel and dentin below. This high concentration 
has been demonstrated experimentally by progressive 
grinding off of thin layers of enamel and determining 
their fluoride content (2). Such a highly fluoridated 
surface offers excellent protection against caries, and 
even if it is later worn away, fluoride is still present be- 
neath to afford more protection. 


It could be predicted from this that the greatest re- 
duction in caries would come from continued small in- 
take of fluoride in the diet during the early years of 
life, since calcification of all teeth is complete by the 
age of ten, and most have erupted. Clinical experi- 
ence proves that this is so. If, up to the age of about 
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ten, the drinking water continually contains from 
about 0.7 to 1.0 p.p.m. fluoride, depending on the 
mean temperature, tooth decay is reduced by about 
two thirds. 

This has been noted in many areas where fluoride 
occurs naturally, and has been specifically checked by 
carefully controlled ten-year experiments in such cities 
as Newburgh, New York (3), Brantford, Ontario (4), 
and Grand Rapids, Michigan (5). No signs of injury 
to general health appear in these cities (6) nor in 
others, such as San Francisco, where fluoridation has 
been in effect for four years (7). 

It is natural that the question of the safety of 
water fluoridation from the standpoint of individual 
health should have been raised. In fact, the concen- 
tration of 1 p.p.m. was chosen after numerous studies 
had established that at this level the dental benefits 
were not accompanied by any other physiological 
effects. The most sensitive organ in the body to the 
action of fluorides is the developing enamel. Drinking 
water containing 2 or more p.p.m. fluoride produces a 
condition known as mottled enamel which is the first 
sign of any undesirable action. Mottling produces 
chalky white spots on the tooth surface, and these may 
later be stained dark by pigments in food. The in- 
tensity of such mottling increases with concentration 
of fluoride taken in, varying from almost invisible 
marks at the lower levels to very prominent stains 
when the level of fluoride in the water is above 6 p.p.m. 
The function of the teeth is not impaired by such mot- 
tling, however. Mottling results from a disturbance in 
the enzymes involved in the calcification mechanism, 
which is a complex and progressive process. Even 
lifelong ingestion of 8 p.p.m. fluoride has no other harm- 
ful effects, however (8), and it is only at very high levels, 
over 20 p.p.m., that soft tissues in the body may begin 
to be affected. 

These facts become understandable when it is found 
that at the low concentrations used in fluoridation pro- 
grams there is an equilibrium between absorbed and ex- 
creted fluorides which is quickly established in the 
body. Aside from the small amount which is de- 
posited in the bones and teeth, there is no build-up or 
cumulative action of fluoride on the system, and in 
adults there is almost no fluoride retention (9, 10). 
Wherever possible, therefore, fluoridation of drinking 
water to the optimum level should be encouraged. 


APPLICATION OF FLUORIDES TO THE ENAMEL 
SURFACE 


When fluoridation has not been possible, fluorides 
can be used in another manner. Topical application 
of solutions of fluoride to the surface of erupted teeth 
will still result in some ion exchange and the resulting 
entrance of fluoride into the lattice of the enamel sur- 
face. A deposit of calcium fluoride crystals may also 
be formed on this surface. The uptake of fluoride 
under these conditions is not continuous, as it is when 
fluoridated water is drunk, and so the results would 
not be expected to be as satisfactory as in the latter 
case. Nevertheless, clinical experience has shown 
that topical application of fluoride does reduce caries 
by about 40% in children. The results with adults 
are conflicting and we are still not sure of its useful- 
ness after about the age of fourteen. However, topical 
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application is still a method of great value within its 
limitations (171). 

Until recently, the source of the fluoride ion has 
been almost entirely sodium fluoride or sodium silico- 
fluoride in aqueous solution. In the last few years it 
has been claimed that solutions of stannous fluoride 
produce better results than an equal amount of sodium 
fluoride. This may be due to an effect of the tin ion 
superimposed on the effect of the fluoride, for there is 
reason to believe that stannous ions may replace cal- 
cium in the apatite lattice. There is much prelimi- 
nary evidence to indicate the increased effectiveness 
of stannous fluoride (12), but final conclusive results 
have not yet been reported. It is now possible to ob- 
tain a dentifrice containing stannous fluoride and fur- 
ther studies are being conducted with this. We can- 
not yet affirm, however, that this dentifrice will prove 
to be more effective than the various therapeutic 
toothpastes discussed earlier. 

It can be seen that in fluoride we have a proved, safe 
agent which will greatly reduce tooth decay when it is 
properly applied. It is not the final answer, for even 
in the best case, some caries may occur. Probably a 
combination of fluoride with some other agent, whether 
one now being tested or one as yet undiscovered, will 
provide the final answer to the caries problem. Pros- 


pects are bright that such an answer will be found in the 
not too distant future. 


LITERATURE CITED 


(1) Lercester, H. M., Ann. Rev. Med., 5, 410 (1954). 

(2) Brupevo.p, F., D. E. Garpnsr, anv F. A. J. Den- 
tal Research, 35, 420 (1956). 

(3) Ast, D. B., D. J: Smrru, B. Wacus, anp K. T. CantwE 1, 
J. Am. Dental Assn., 52, 314 (1956). 

(4) Brown, H. K., H. R. McCuaren, G. H. Josie, ann B. J. 
Srewart, J. Canadian Dental Assn., 22, 207 (1956). 

(5) Arnoxp, F, A., Jn., H. T. Dean, P. Jay, anp J. W. Knvt- 
son, Public Health Reports, 71, 652 (1956). 

(6) E. R., D. E. Overton, H. C. Cuase, an» 
K. T. Cantwe 1, J. Am. Dental Assn., 52, 296 (1956). 

(7) Sox, E. D., J. Canadian Dental Assn., 22, 455 (1956). 

(8) Lzone, N. C., M. B. Sarin, F. A. Arnoxp, Jr., C. A. 
Stevenson, E. R. ZrmMERMANN, P. B. Geiser, AND J. FE. 
LIEBERMAN, “Fluoridation as a Public Health Measure,” 
A.A.A.8S., Washington, D. C., 1954, p. 110. 

(9) Zrpx1n, I., R. C. Lrxins, F. J. McCiure, anv A. C. Sreere, 
Public Health Reports, 71, 767 (1956). 

(10) Cuen, P. S., Jn., F. A. Smrrn, D. E. Garpner, J. A. 
O’Brign, anv H. C. Hopes, Proc. Soc. Expil. Biol. Med., 
92, 879 (1956). 

(11) Brssy, B. J., anp F. Brupevo xp, “Fluoridation as a Public 
Health Measure,’’ A.A.A.S., Washington, D. C., 1954, p. 
148. 

(12) Muunter, J.C., A.W. Rapixe, W.H. NeBerGALtL, AND H.G. 
Day, J. Am. Dental Assn., 51, 556 (1955). 


“CONTRIBUTIONS TO THERMODYNAMICS: THE INCONSISTENCY OF 
THERMODYNAMICS,”’ BY J. McQUIRG 


Tuis time it is clear that entropy has really set in with 
Dr. McQuirg. His argument breaks down at the as- 
sertion that the process is isobaric, since the initial and 
final pressures are 10 and 1 atm., respectively. The 
.actual process is the following: The gas goes in- 
stantaneously from an applied pressure of 10 atm. to 
one of 1 atm. at constant volume, and then it ex- 
pands to 10 liters against the constant 1 atm. pressure. 

The work done by a system on its surroundings is 
given by 


w= Sf paV, 


where p, is the pressure applied to the system by the 


1 Present address: Chemistry Department, University of Cali- 
fornia Radiation Laboratory, Livermore, California. 
2 Present address: Corning Glass Works, Corning, New York. 
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surroundings.* Since the above process takes place in 


two steps, 
w= f padV + Sf padV. 
step 1 step 2 
In step 1, dV = 0, and the first integral vanishes. 


In step 2, V changes from 1 to 10 liters with p, constant 
at 1 atm. Thus the expression for the werk becomes 


V=10 
w= 10 dV = 91.-atm. 
Ve=1 


which happens to coincide with McQuirg’s incomplete 
analysis. 

Since the process is not isobaric, AH # g. There- 
fore the alleged inconsistency does not arise after ail. 


3 This point has been discussed very clearly by J. K. O’Loane, 
J. Cue. Epuc., 30, 190 (1953). 
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CONSTRUCTION OF CRYSTAL MODELS FROM 
STYROFOAM SPHERES 


Sryroroam spheres in four colors and in sizes ranging 
from */s-in. to more than 2!4-in. diameter have been 
made available recently.2, These have a sphericity 
of approximately 3%, a diameter tolerance of 
+'/i in. and cost only a few dollars per gross. We 
have found the spheres, when properly fabricated, to 
be sufficiently accurate and durable for the construc- 
tion of atomic models of crystals, especially packing 
models. Their lightness also recommends them for 
more extended models.* A set of sizes from */, in. to 
21 in. at '/s-in. intervals has proved suitable for models 
of most inorganic substances. The low cost, ease of 
drilling, lightness, and striking appearance of these 
spheres recommends their use in this connection. See 
Figures 3 and 4. 

The construction of durable models requires that the 
spheres be attached to one another by “bonds.” Short 
lengths of pipe cleaner inserted into the styrofoam 
serve admirably for attaching spheres which are in 
contact, as in packing models. It is necessary to 
punch “pinholes” into the styrofoam to a depth of 
about half the diameter of the sphere. These pin- 
holes must be oriented with reasonable care, and 
some sort of holder or jig must therefore be employed. 
A jig having suitable protractors, etc., for precise 
orientation of holes is described by Buerger, et al.,4 and 
by Decker and Asp. While it is desirable to employ 
such devices, the most frequently used pinhole orien- 
tations may be punched with a much simpler jig. 
The most satisfactory jig of several tried is shown 
in Figures 1 and 2, and is described subsequently. 
The fixed orientations selected are designated as oc- 


‘ National Science Teachers Association Research Assistant. 

*Star Band Co., Portsmouth, Virginia; Styroformics, Inc., 
Somerville, Massachusetts. 

* Lambert, F. L., J. Coem. Epuc., 30, 503 (1953). 

‘ Buercer, M. J., anp R. D. Butter, Am. Mineralogist, 23, 
471 (1938); 21, 150 (1936). Cf. Dorris, J. E., C. FronpEL, er 
AL., op. cit., 23, 65 (1938). 

5 Decker, B. F., anp E. T. Asp, J. Cuem. Epuc., 32, 75 (1955). 
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FRONT VIEW PLAN OF A&B 


Figure l. dig 


A, upper section; B, lower section, C, upper punch; D, upper pillar, EZ, 
window, FF, tetrahedral punches; GG, octahedral punches; H, lower pillar 
with engraved scale for spheres of various sizes; J, base; KK, setscrews. 


tahedral and tetrahedral directions since they extend 
from the center of the styrofoam sphere toward the 


corners of these geometric solids. In the event that 
otherwise oriented bond directions are needed, other 
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Figure 2. Upper and Lower Sections Showing Punches. 


proper alignments for punching may be secured by 
additional punches or by means of cardboard or plastic 
templates, using the standard directions as guides. 
The template angle is calculated‘ or, when a unit 
cell plan is available, may be measured directly. The 
suitably punched sphere is aligned with appropriate 
guide lines on the template and a '/j-in. needle in- 
serted along the calculated guide line. This opera- 
tion is simply and rapidly carried out. The resulting 
holes are sufficiently well oriented to permit construc- 
tion of large models. A little grease from colored 


crayons is used to lubricate the punches and leaves a 
colored spot on the styrofoam sphere. 
locating the pinholes. 

For most purposes a less precise jig is equally satis- 
factory and may be assembled from ordinary pipe 
fittings. 


This aids in 


The tetrahedral, etc., punches slide in metal 


Figure 4. A Portion of the 
Uranium Hydride Stru 


Figure 3. Zirconium Hydride* 


@ After data of Runpus, R.E., er av., Acta Cryst., 5, 22 (1952). 
+ After data of Runpue, R.E., er au. J. Am. Chem. Soc., 73, 4172 (1951) 
but with different radii. White atoms are H. 
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(One Tetrahedral Punch is Concealed by One of the Octahedral Punches.) 


tubes cemented with a “plastic metal” cement into 
oversize holes drilled in the pipe wall. Orientation 
of the metal tubes is accomplished by adjusting their 
positions with the help of cardboard templates, be- 
fore the cement hardens. The metal tubes used in a 
common type of atomizer are suitable. 


TYPICAL MODELS 


One of the objectives of the program was the con- 
struction of models of several hydrides according to 
the theory of Libowitz and Gibb.* Models of the 
a and 6 forms of metals were constructed including 
titanium, uranium, and zirconium. Only a few models, 
by reason of their open structures, required support 
on a base plate. The hydrogen atoms in uranium 
hydride (Fig. 4) were punched reescunirseida the 
metal atoms required use of a template. 


CONSTRUCTION AND USE OF THE JIG 


The jig was machined from aluminum stock. Its 
dimensions are not critical save that the styrofoam 
sphere which rests on the lower adjustable pillar must 
be centered in the chamber. The height of this pillar 
is adjusted according to a scale for each size sphere 
which is to be punched. The walls of the chamber 
are approximately */, in. thick and were drilled (!/;¢-in. 
drill) by means of an indexing head drill-press with 
seven holes corresponding to the octahedral and tet- 
rahedral orientations. Short lengths of !/j.-in. drill 
rod, sharpened on one end, and with a suitable handle 
on the other, are inserted into these holes for punches. 
The vertical punch is common to both the octahedral 
and tetrahedral set. The sixth or bottom octahedral 
pinhole is made by pushing the vertical punch all the 
way through. This punch may be left in position to 
steady the sphere as the other punches are pushed in. 
The sphere is also supported by contact with the 
conical depressions of the supporting pillars which 


6 Lisowitz, G. G., T. R. P. Gruss, Jr., J. Phys. Cher, 
60, 510 (1956). 
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latter are fixed in position by set screws. The lower 
pillar is drilled for a short distance to accommodate 
the lower end of the vertical punch. 
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To the Editor: 

In the October, 1956, installment of Dr. Alyea’s 
excellent Tested Demonstrations in General Chemistry 
he mentions (No. 22-9) that the structure of the Bun- 
sen flame may be shown by means of a scorch pattern 
on a piece of paper. 

I have found that I am not always quick enough to 
stop the scorching process and have to transfer the 
blazing paper to the sink. I find it handy to first coat 
the paper with a thin paste of mercuric iodide (Hgl2) 
and water and allow it to dry. The bright scarlet 
form of the salt changes quickly to the yellow modi- 
fied form where the heat hits, and a striking vertical 
and horizontal cross section “picture” of the flame can 
be made easily. 

NE son F. BEELER 


State University TEACHERS COLLEGE 
Porspam, New YorK 


To the Editor: 


In the article on crystal growth by Francis P. Fehlner 
(J. Cuem. Epuc., 33, 449 (1956)), the sentence on page 
451 referring to the photograph of a sodium chloride 
ingot on the preceding page is somewhat misleading. 
One would infer from the text that this crystal was 
grown by the Kyropoulos method. Actually, as cor- 
rectly indicated in the legend under the photograph, 
it was produced by the Stockbarger process. This 
consists of controlled solidification by lowering a 
melt through the proper temperature gradient. Since 
crystallization takes place in a container, geometry 
of the final product is governed by container shape. 

Single crystals of such materials as silicon and ger- 
manium frequently show external evidence of crystal 
structure when grown by the Kyropoulos method. 
As shown in the accompanying photograph of a 
typical silicon single crystal, oriented flats occur on an 
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Silicon Single Crystal. Growth Azis Parallel toe {111 ] Crystal Direction 


otherwise cylindrical surface. In this crystal, the 
growth axis is parallel to a [111] crystal direction, 
leading to three well-defined flats equally spaced around 
the circumference. When the growth axis is parallel 
to a [100] crystal direction, four equally spaced flats 
frequently appear. The number and location of these 
flat surfaces provide useful information concerning crys- 
tal orientation and sudden changes in orientation that 
sometimes occur during growth. 


Rosert A. LEFEVER 


Virernia INSTITUTE FOR SCIENTIFIC RESEARCH 
RIcHMOND, VIRGINIA 


To the Editor: 

The accompanying illustration 
shows a device which has proved 
to be useful in accomplishing Kjel- 
dahl digestions without allowing 
fumes to escape. The upper tube 
is fitted to the flask by means of a 
ground-glass joint. The volume of 
the bulbs should be great enough 
to hold sufficient solution for com- 
plete reaction with the vapor being 
evolved. 

The unit has also been used in the 
preparation of solutions of hypo- 
bromite. Bromine is generated in 
the flask by the action of acid on a 
mixture of bromide, and perman- 
ganate is absorbed by alkaline 
solutions placed in the bulbs. 


E. DANNENBERG 


Hosprtat Mrxto 
SanTIAGO DEL Estero, ARGENTINA 
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THE CHEMISTRY AND MODE OF AC- 
TION OF PLANT GROWTH SUBSTANCES 


Edited by R. L. Wain and F. Wightman. 
Academic Press, Inc., New York, 1956. 
xi + 312 pp. Many figs and tables. 
16 X 25.5 cm. $9.50. 


In THE 28 years which have elapsed 
since the original discovery of auxin by 
F. W. Went, many plant physiologists 
have devoted their research careers to an 
attempt to understand the mechanism by 
which auxin produces its multiple effects 
in the growing plant. In 1937, approx- 
imately 10 years after the discovery of 
auxins, the First International Conference 
on Growth Substances was held in Paris 
under the auspices of the League of 
Nations, with Professor Peter Boysen- 
Jensen of Copenhagen acting as the pres- 
ident. The second conference of this kind 
was held at the University of Wisconsin in 
1949 and was limited almost exclusively to 
contributions from the United States. 
The third conference, more international in 
scope, was held in Lund, Sweden, in 1953. 
The first two conferences led to publica- 
tions of summary volumes, whereas the 
third has resulted in the publication of 
short abstracts. 

The conference held at Wye College 
(University of London), in July of 1955, 
was organized by Professor R. L. Wain 
and was aided by a grant from the Govern- 
ing Board of Wye College and the Agricui- 
ture Research Council. Attendance was 
truly international, with many representa- 
tives from the U.S. A., England, Sweden, 
Norway, Austria, and Germany. The 
sessions were divided into three general 
subjects. The first, natural auxins, in- 
cludes papers on the methods for the ex- 
traction of natural auxins, bio-assay pro- 
cedures, types of substances found in 
natural plant, and the relation of the 
natural auxins to flowering and tropistic 
responses. The second section, on chem- 
ical structure and biological activity, 
contains many contributions on the re- 
’ lation of form to function in phenoxyacetic 
acid series, indole series, and related 
auxins. The third section, on metabolism 
and mode of action, contains the results of 
investigations on the fate of indoleacetic 
acid administered to plant cells and the 
effect of auxin on chemical activities of 
cells. The fourth section, application of 
kinetics to auxin-induced growth, is 
essentially asdebate between the Pasadena 
School under J. Bonner, and the London 
School under Bennet-Clark. 

It is clear from this volume that there 
is tremendous activity in the field of in- 
vestigation of plant growth substances. 
It is also clear that, despite prodigious 
effort, very little has been discovered 
which explains either the activity of cer- 
tain molecules or the mode of action of 
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auxins in the cell. The conference was 
undoubtedly productive of a great many 
ideas and stimulating discussions. This 
volume, as a chronicle of such an inter- 
national gathering, is valuable. As is the 
case with most volumes of this sort, it suf- 
fers from a heterogeneity of approach on 
the part of the authors. Several authors 
have properly construed their function as 
that of reviewing activity in a given field 
including their own work. Others have 
written detailed papers in a very limited 
field, thus rendering their contributions 
somewhat less interesting to the general 
reader. The absence of a proper index is, 
of course, a deterrent to the use of this 
book for reference purposes. Despite the 
fact that it does not include papers on the 
gibberellins, and only one paper on the 
kinins, this volume should certainly be in 
the hands of all those interested in the de- 
tailed progress being made in the field of 
the regulation of plant growth by chem- 
ical means. 


ARTHUR W. GALSTON . 


Yave UNIversity 
New Haven, ConnectTIcUuT 


COLE’S PRACTICAL PHYSIOLOGICAL 
CHEMISTRY 


Revised and rewritten by Ernest Baldwin, 
Professor of Biochemistry, University Col- 
lege, University of London, and David 
James Bell, Senior Biochemist, Agricul- 
tural Research Center, Edinburgh. Tenth 
edition. W. Heffer and Sons, Ltd., Cam- 
bridge, 1955. x + 261 pp. 24 figs. 
145 xX 22 cm. $6. Available from 
The Williams & Wilkins Co., Baltimore 2, 


Maryland. 


Tue number of former medical students 
in Cambridge and other English universi- 
ties who have used “Cole’s Practical 
Physiological Chemistry’’ since the book 
first appeared in 1904 must be legion. 
The last edition appeared more than 


‘twenty years ago. Since then new tech- 


niques have appeared for the chemical 
investigation of biological material. Med- 
ical schools in this country generally have 
incorporated many of the newer methods 
in their laboratory courses in biochem- 
istry. 

It is disappointing to find that this re- 
vised and rewritten edition of such a well 
known laboratory manual as Cole’s does 
not reflect the changes in laboratory 
teaching that accompany the rapid ad- 
vances in biochemistry that have occurred 
since 1933. The student using this book 
will have no experience with chromatog- 
raphy, which has proved so useful in the 
laboratory. He will-not come in contact 
with enzymes other than those of the 


digestive tract, and will find no experi- 
ments illustrating the properties «f 
oxidative or transferring enzymes. 

The authors who are responsible for 
this revised edition state that an effort 
was made “to retain the familiar plan of 
Cole, a plan to which we have long been 
accustomed, formerly as students and 
later as teachers.’’ Perhaps this explains 
the failure to bring the book up-to-date. 
In spite of the 222 experiments, qualit«- 
tive and quantitative, that are presented, 
it is doubtful if this book will gain any wide 
acceptance in this country, for use in 
biochemical courses for medical students. 


F. A. CAJORI 
University or CoLoRaADo 
ScHoou or MEDICINE 
DENVER, COLORADO 


EXPERIMENTAL PHYSICAL CHEMISTRY 


Farrington Daniels, Professor of Chem- 
istry, Joseph Howard Mathews, Pro- 
fessor Emeritus of Chemistry, John War- 
ren Williams, Professor of Chemistry, 
Paul Bender, Professor of Chemistry, and 
Robert A. Alberty, Professor of Chem- 
istry, all of the University of Wisconsin. 
Fifth edition. McGraw-Hill Book Co., 
Inc., New York, 1956. xi + 482 pp. 
134 figs. 24 tables. 16 X 23.5 cm. 
$6.50. 


Tue fifth edition of this well-known 
book retains the organizational pattern of 
previous editions which is designed to in- 
struct both the undergraduate and the 
more advanced student in experimental 
methods. The descriptions of laboratory 
techniques are supplemented with enough 
theoretical material to give the book a 
completeness which has been one of its 
distinctive features for many years. Part 
I of the book deals with Laboratory Ex- 
periments and Part II with Apparatus and 
Methods. The emphasis in the present 
edition has been shifted somewhat to favor 
the laboratory experiment section, there 
being approximately twice as many pages 
devoted to Part I as to Part IT. 

The laboratory experiments are well 
chosen and are distributed with reason- 
able uniformity over the subject matter 
presented in most American textbooks on 
physical chemistry. There are fifty-nine 
experiments grouped in chapters. A 
chapter on General Experimental Tech- 
niques is new and describes experiments on 
glass blowing, high vacuum, and elec- 
tronics. Other experiments which are 
new with the fifth edition deal with differ- 
ential thermal analysis, osmotic pressure, 
ion-exchange chromatography, and _ the 
Szilard-Chalmers process and the half- 
life of radioiodine. 
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Twelve experiments described in the 
previous edition have been omitted and 
several experiments have been condensed 
by the elimination of some of the alter- 
native procedures. For example, discus- 
sion of the Pulfrich instrument has been 
deleted from the experiment on refrac- 
tometry, and in the experiment on vapor 
pressure the isoteniscope method has been 
dropped while the Ramsay-Young method 
is retained. 

Experiments have been rewritten rather 
thoroughly to improve the clarity of pres- 
entation without resorting to detailed 
instructions which would leave nothing to 
the students’ initiative. In this, the 
authors have done a very commendable 
piece of work. Equations have been ad- 
ded to illustrate calculations, such as the 
correction of a manometer to zero degrees 
and the correction of pressure for the pres- 
ence of water vapor. There is also in 
evidence an improvement in precision of 
some operations. : 

Paragraphs on practical applications 
and suggestions for further work appear at 
the end of each experiment, and a degree 
of flexibility as well as interest is thus 
added. References are also given at the 
end of each experiment, but the reader 
will be disappointed to find that some of 
them have been out of print for a consid- 
erable time and are unavailable in many 
libraries. 

Part II of this book discusses both the 
theory and application of many more ad- 
vanced experimental methods. It ob- 
viously cannot cover the several subjects 
with the comprehensiveness of a multi- 
volumed treatise and the research worker 
will not find it a satisfactory substitute for 
such a treatise. However, the graduate 
student as well as the undergraduate will 
find that these pages contain much help- 
ful information. 


WILLIAM B. BUNGER 
ALABAMA PoLyTEcHNIc INSTITUTE 
AvuBURN, ALABAMA 


ELEMENTARY CRYSTALLOGRAPHY: AN 

INTRODUCTION TO THE FUNDAMEN- 

bg GEOMETRICAL FEATURES OF CRYS- 


M. J. Buerger, Professor of Mineralogy 
and Crystallography, Massachusetts Insti- 
tute of Technology. John Wiley & Sons 
Inc., New York, 1956. xxiii + 528 pp. 
a, figs. and tables. 16 X 23.5 cm. 


Tus book is an excellent treatment of 
the symmetry of crystals, a subject which 
is basic for any study of the crystalline 
state. 

_ “The subject matter . . . falls naturally 
into three sections. About the first half 
of the book is devoted to a rational de- 
velopment of the megascopically ob- 
servable symmetries of crystals. A second 
part .. . is devoted to a discussion of the 
internal symmetries of crystals. A third 
section contains some advanced material.”’ 

Although the main treatment employs 
only elementary methods, the book ends 
with three chapters on group theory and 
its application. 
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Thus we have a very clear and thorough 
development of the theory of space groups. 
Among the examples of substances 
crystallizing in the several classes, listed 
in Chapter 10, there are quite a few errors 
in formulas and names, but most of these 
(such as Na,PO,-2H;,O on page 130) will 
be immediately obvious to a chemist and 
should not cause too much trouble. 
Professor Buerger has made many im- 
portant contributions to the field of X- 
ra, ciystallography, contributions which 
are quite familiar to many chemists. 
This latest book is a valuable contribu- 
tion to the teaching (or learning) of crys- 
tallography. It will be useful as a re- 
fresher for the research worker in chemical 
crystallography who has learned his 
crystallography the hard way and also 
for the beginner. It should be recom- 
mended reading for any chemist who is 
concerned with structure of crystals. 


E. C LINGAFELTER 
UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


SODIUM: ITS MANUFACTURE, PROP- 
ERTIES AND USES 


Marshall Sittig, Ethyl Corporation, New 
York. American Chemical Society Mono- 
graph No. 133. Reinhold Publishing 
Corp., New York, 1956. viii + 529 
pp. Many figs. and tables. 16 X 23.5 
cm. $12.50. 


Wirs the ever increasing applications 
of sodium in modern chemical technology, 
the appearance of this monograph is 
timely. It will be welcomed and used by 
many. The emphasis is largely on indus- 
trial production and uses. Introductory 
chapters on early work and current manu- 
facturing methods are followed by a dis- 
cussion of solubility and alloy formation, 
handling problems, and uses based on 
physical properties such as sodium’s 
superior qualities as a heat transfer med- 
jum and as an electrical conductor. 
Chapter 6 deals with inorganic reactions 
(73 pp.), Chapter 7, with organic reactions 
(87 pp), and Chapter 8, with analytical 
chemistry (14 pp.). These sections are 
primarily concerned with reactions in- 
volving sodium metal rather than those of 
its many important compounds such as 
NaCl, etc., except as they are so related. 

As expected in the monograph series, 
the authors give what appears to be a very 
complete set of references to original re- 
search. These are so numerous, e.g., 403 
in the chapter on solubility and alloy for- 
mation, 475 on inorganic reactions, 679 on 
organic reactions, that only a brief in- 
dication can be given of the content of 
each. References to a great deal of work 
from the patent literature and to reports 
net published in usual journals are in- 
cluded which will be of considerable value 
to those engaged in or anticipating re- 
search in the field. 

Each chapter contains numerous sche- 
matic diagrams of well-established proc- 
esses as well as photographs of equip- 
ment and apparatus where such are in- 
formative. Many tables and graphs of 
experimental data are presented. 


Chapter 9 presents a detailed summary 
and critical analysis of thermodynamic 
and physical properties of sodium, with 
the majority of the 80 pages devoted to the 
vaporization (and dimerization) problem. 
The authors find it impossible to correlate 
high and low temperature vapor-pressure 
results and conclude thai greater reliance 
should be placed in the former. Inter- 
pretation of vapor-pressure data is com- 
plicated somewhat by the fact that the 
vapor phase is composed of a mixture of 
monomer and dimeric molecules through- 
out most of the measurable range. A 
perhaps overly detailed discussion of this 
aspect of the problem is presented with 
data given in various convenient forms in 
more than fifty tables. In addition to 
vaporization data and related basic ther- 
modynamic properties, tables are included 
with a discussion of the results of various 
investigators giving the density, viscosity, 
surface tension and parachor, thermal 
conductivity, electrical resistivity, and 
heat capacity (also acoustical velocity and 
compressibility) of elementary sodium at 
various temperatures. 

The book most certainly fulfills the 
author’s hope that it “will provide an 
entree to the broader body of technical 
literature which it represents—and in so 
doing, will encourage chemists and engi- 
neers to work with sodium—an interesting, 
versatile, and useful material.’’ 


N. W. GREGORY 
UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


THE EXAMINATION OF NEW ORGANIC 
COMPOUNDS 


Walter T. Smith, Jr., Department of 
Chemistry, University of Kentucky, and 
Ralph L. Shriner, Department of Chem- 
istry, State University of Iowa. John 
Wiley & Sons, Inc., New York, 1956. 
vii + 136 pp. 47 figs. 21 X 28 cm. 
$3.50. 


Tuts volume contains methods for the 
determination of functional groups and 
elements, directions for preparing analyti- 
cal samples, criteria of purity, weighing 
procedures, and molecular weight deter- 
minations. Semimicro methods are used, 
but some macromethods are also given. 
Most of the methods included in this 
manual are selected from articles in the 
literature and rewritten in terms easily 
understood by students unfamiliar with 
such analyses. The directions are specific 
enough so that students can work inde- 
pendently. Apparatus required is in- 
expensive and most of it can be assembled 
by the students themselves. Adequate 
directions are given for preparing equip- 
ment and reagents. The methods used 
supposedly have been tried in compara- 
tive situations and have been found to be 
most effective in a high percentage of com- 
pounds with a majority of students. Prob- 
lems for student use are included in a 
separate section. 

This recent addition to a field of organic 
chemistry, that is characterized by a 
limited number of suitable texts, should 
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find ready acceptance. Itis printed by an 
offset process from a typewritten man- 
uscript, and yet is clearly and attractively 
reproduced. Since no space is provided 
therein for analytical data or student 
answers, as is common to most loose-leaf 
manuals, it is suggested that a smaller and 
more durable binding might enhance the 
permanent value of the book. The paper- 
spiral binding could logically be replaced 
with traditional stiff, cloth covers. How- 
ever, this appears to be a limited first 
printing, and perhaps of a trial nature. 

The illustrations are detailed, clear, and 
welldrawn. Directions are logical, sound, 
and adequate. Some analytical proce- 
dures are omitted but the authors make 
no claim for completeness. The material 
included offers a wide variety of exper- 
iences and procedures. The work in- 
cluded is more than adequate for a quar- 
ter or semester course, including one hour 
of discussion and four to six hours of 
laboratory work per week, The text can 
be highly recommended for a course that 
normally follows a traditional course in 
organic qualitative analysis. The mate- 
rial is appropriate for undergraduate 
seniors and first-year graduate students 
who are seeking a working scheme and 
broad familiarity with organic quantita- 
tive analytical principles and procedures. 
Many busy instructors will appreciate the 
logical, complete, and detailed instruc- 
tions that.should reduce their supervision 
to a minimum. 


RALPH E. DUNBAR 
Norra Dakota State 
Faroo, NortH Dakota 


GMELINS HANDBUCH DER ANORGAN- 
ISCHEN CHEMIE. SYSTEM 28: CALCIUM 


Teil B, Lieferung 1: Technologie. Eighth 
edition. Edited by the Gmelin Institute 
under the direction of FE. H. E. Pietsch. 
Verlag Chemie, GmbH, Weinheim Berg- 
strasse, Germany, 1956. viii + 264 pp. 
28 figs. 17.5 X 25.5 cm. In wrappers, 
$37. 


Part B, Section 1 of the volumes on 
calcium is concerned entirely with the 
technological aspects of the chemistry of 
the element and its compounds. As 
such, it is a treatment of one of the more 
important, although somewhat less glam- 
orous, areas of modern chemical industry. 
In its preparation, every attempt has been 
made to provide the details of technical 
practice. This has been accomplished by 
means of unusually comprehensive liter- 
ature citations, of critical evaluation of 
published data, and of liberal use of graphs 
and diagrams of industrial equipment. 
Emphasis upon recent publication and 
upon timely accounts of technology is 
particularly evident. 

The introductory chapter deals with 
the beneficiation, recovery, and treatment 
of calcium minerals. This is followed by 
short sections on metallic calcium and 
calcium hydride. The lime industry is 
then treated extensively, and this is fol- 
lowed by sections dealing with essentially 
all known calcium compounds. The ar- 
rangement is in the main by periodic 


104 


group in which the element forming the 
anion is located. Discussions dealing with 
halides, hypochlorite, sulfates, carbide, 
carbonates, cyanamide, and phosphates 
are particularly extensive. Many ap- 
plications are listed for all materials. 

This volume illustrates admirably the 
care, meticulous effort, and fine degree of 
organization which characterize the entire 
Gmelin series.’ It is a volume which will 
be welcomed by anyone interested in any 
phase of calcium chemistry. No techni- 
cal library can afford to be without it. 


THERALD MOELLER 
University or ILLINoIs 
Unsana, ILLINoIs 


GMELINS HANDBUCH DER ANORGAN- 
ISCHEN CHEMIE. SYSTEM 60: COPPER 


Teil A, Lieferung 1 and Lieferung 2. 
Eighth edition. Edited by the Gmelin 
Institute under the direction of FE. H. E. 
Pietsch. Verlag Chemie, GmbH, Wein- 
heim Bergstrasse, Germany, 1955. Sec- 
tion 1: xvi + 710 pp. 190 figs. 17.5 
25.5 cm. $92.13; Section 2: xxxii + 
755 pp. 235 figs. 17.5 X 25.5 cm. 
$101.98. 


Section 1 constitutes the first portion 
of the new edition on copper in this 
famous Gmelin series. This part deals 
primarily with history (34 pages), oc- 
currence (143 pages), metallurgy, in- 
cluding powder metallurgy (478 pages), 
and copper compounds (19 pages). The 
scope is further indicated when one notes 
that the following topics are among those 
treated: place of copper in the progress of 
civilization; geochemistry of copper; de- 
tailed geographical occurrence; theo- 
retical (physico-chemical) data; modern 
engineering processes; treatment of in- 
dustrial wastes; economic statistics. 

Section 2 is the final portion of Part A. 
It deals with the physics and chemistry of 
elemental copper. There are many phys- 
ico-chemical, crystallographical and tech- 
nological data included. A comprehen- 
sive list of methods of detecting and esti- 
mating copper is given, involving reactions 
with both inorganic and organic reagents 
(93 pages). To illustrate other major 
topics the reviewer reports the following: 
electrochemical data; thermal, mechani- 
cal and optical properties; atomic prop- 
erties; chemical behavior. 

Literature references are remarkably 


’ up-to-date (up to 1954 in some cases). 


The publisher states that “more than 
3,000 original publications are reviewed in 
the chapter on ‘Electrochemical Behavior’ 
(166 pages).’’ This is typical of the ex- 
tent to which the two sections are docu- 
mented. 

The Contents pages (double columns) 
are so detailed as to enable the searcher to 
turn promptly to the pertinent material. 
In Section 2, the Contents are arranged in 
an organizational index (not an alph- 
abetical index) to the entire 1465 pages of 
Part A. 

The material is in substantially more 
detail than one finds in Mellor’s ““Com- 
prehensive Treatise on Inorganic Chem- 
istry.”” This fact plus the voluminous 


supply of references make these two books 
valuable for the library seeking complete- 
ness of coverage with the most efficient 
use of shelf space. 

Part B, dealing with copper compounds 
is in preparation. 


JOHN W. CHITTUM 
Tue or Wooster 
Wooster, 


THE WORLD OF ATOMS: AN INTRO. 
DUCTION TO PHYSICAL SCIENCE 


J. J. G. McCue, formerly Associate Pro. 
fessor of Physics, Smith College, with the 
assistance of Kenneth W. Sherk, Pro. 
fessor of Chemistry, Smith College. The 
Ronald Press Co., New York, 1956. 
xiii + 659 pp. Figs. and tables. 16 x 


Tuts book, in the mechanics of its 
writing, could well be a model for many 
authors. It is simply and clearly written 
in an informal style. It is well indexed 
and is unusually well cross-referenced. 

The book is designed for a one-year 
course in physical science at the college 
level and draws its materials from physics 
and chemistry after an introduction 
through historical astronomy. The ma- 
jority of the topics chosen are to be found 
in most one-year physical science courses, 
but there are notable exceptions. 

The preface states: “The plan of the 
book is to focus on a restricted, coherent 
branch of physical science and to describe 
the chain of experiments and concepts 
that have led to present theories. So far 
as possible, the argument should be an 
operational one; each concept should 
rest on an experiment... . 

“All of the mathematical treatment 
rests on a single concept: proportion- 
ality. ... 

“The general theme of the book en- 
braces four questions: why we believe 
there are atoms, what we know of their 
structure, what we know of how they com- 
bine to form molecules, and what we 
know of the nucleus. . . . 

‘In order to base the discussion on 
definite experimental evidence, the text 
includes a set of descriptions of experi- 
ments. They employ only equipment 
that is easily obtainable, and although it 
is not essential that he do so, it is to be 
hoped that the student will see many of 
them performed... .”’ 

One of the devices used to keep the 
book within the grasp of the non-science 
majors for whom it is intended, is the use 
(for the most part) of a single unit for each 
quantity. In general, the meter-kilo- 
gram-second-ampere system is used. Thus 
forces, including weights, are expressed 
in newtons; neither dynes nor poundals 
are ever mentioned; pounds are used ina 
very few examples. 

“Special pains have been taken to 
avoid putting the student into a position 
that is likely to cause confusion of mass 
and weight, since there is no lack of more 
fruitful ways to employ his time.” 
(Quoted from p. viof preface.) The “‘spe 
cial pains taken’’ come to light on page 176: 


(Continued on page A74) 
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We ane indebted to Dr. J. Z. Fullmer of Newcomb 
College, Tulane University, for bringing the following 
quotation to our attention. Although written nearly 
130 years ago, the occasional quaintness of the language 
points up all the more the timelessness of the ideas it ex- 
presses. We resist an impulse to editorialize by using 
bold-face type for such words as mathematics, physics, 
and liberal education. However, we do call prospective 
authors’ attention to the last paragraph. 

Dr. Fullmer supplies this comment: ‘Consolations in 
Travel” appeared in 1830, a year after Davy’s death. 
He wrote much of it under the handicap of rapidly 
worsening health in the months before he died. To 
Lady Davy he confided that he had taken great pains 
to preserve the manuscript because he felt it was as im- 
portant to the world as his scientific contributions. Oc- 
casionally he referred to it as ‘the legacy of a philos- 
opher.”’ 


ON THE EDUCATION OF A CHEMIST 


However difficult it may have been to have given you a defi- 
nition of chemistry, it is still more difficult to give you a detail 
of all the qualities necessary for a chemical philosopher. I will not 
name as many as Athenaeus has named for a cook, who, he says, 
ought to be a mathematician, a theoretical musician, a natural 
philosopher, a natural historian, etc. But I will seriously men- 
tion some of the studies fundamental to the higher departments of 
this science; a man may be a good practical chemist perhaps 
without possessing them, but he never can become a great chem- 
ical philosopher. 

The person who wishes to understand the higher departments 
of chemistry, or to pursue them in their most interesting relations 
to the economy of nature, ought to be well grounded in elemen- 
tary mathematics; he will oftener have to refer to arithmetic than 
algebra, and to algebra than to geometry. But all these sciences 
lend their aid to chemistry; arithmetic, in determining the pro- 
portions of analytical results, and the relative weights of the ele- 
ments of bodies; algebra, in ascertaining the laws of the pressure 
of elastic fluids, the force of vapour as dependent upon tempera- 
ture, and the effects of masses and surfaces on the communica- 
tion and radiation of heat; the applications of geometry are prin- 
cipally limited to the determination of the crystalline forms of 
bodies, which constitute the most important type of their nature, 
and often offer useful hints for analytical researches respecting 
their composition. 

The first principles of natural philosophy, or general physics, 
ought not to be entirely unknown to the chemist. As the most 
active agents are fluids, elastic fluids, heat, light, and electricity, 
he ought to have a general knowledge of mechanics, hydronamics, 
pheumatics, optics, and electricity. Latin and Greek among the 
dead, and French among the modern languages, are necessary; 


and, as the most important after French, German and Italian. 
In natural history and in literature, what belongs to a liberal edu- 
cation, such as that of our universities, is all that is required; in- 
deed a young man who has performed the ordinary course of col- 
lege studies, which are supposed fitted for common life and for 
refined society, has all the preliminary knowledge necessary to 
commence the study of chemistry. . . . It was said by an author 
belonging to the last century, of alchemy, “that its beginning was 
deceit, its progress labour and its end beggary.”” It may be said 
of modern chemistry, that its beginning is pleasure, its progress 
knowledge and its objects truth and utility. I have spoken of the 
scientific attainments necessary for the chemical philosopher. 

I will say a few words of the intellectual qualities necessary 
for discovery, or for the advancement of the science. Amongst 
them patience, industry, and neatness in manipulation, and ac- 
curacy and minuteness in observing and registering the phenom- 
ena which occur are essential. . . .With respect to the higher 
qualities of intellect necessary for understanding and developing 
the general laws of the science, the same talents I believe are re- 
quired as for making advancement in every other department of 
human knowledge; I need not be very minute. The imagination 
must be active and brilliant in seeking analogies; yet entirely 
under the influence of the judgment in applying them. The 
memory must be extensive and profound; rather however calling 
up general views of things than minute trains of thought; — -the 
mind must not be like an encyclopedia, a burthen of knowledge, 
but rather a critical dictionary which abounds in generalities, and 
points out where more minute information may be obtained. 

In detailing the results of experiments and in giving them to 
the world, the chemical philosopher should adopt the simplest 
style and manner; he will avoid all ornaments as something in- 
jurious to his subject, and should bear in mind the saying of the 
first king of Great Britain respecting a sermon which was ex- 
cellent in doctrine but overcharged with poetical allusions and 
figurative language “that the tropes and metaphors of the speaker 
were like the brilliant wild flowers in a field of corn, very pretty, 
but which did very much hurt the corn.”” In announcing even 
the greatest and most important discoveries, the true philosopher 
will communicate his details with modesty and reserve; he will 
rather be a useful servant of the public, bringing forth a light from 
under his cloak when it is needed in darkness, than a charlatan 
exhibiting fireworks and having a trumpeter to announce their 
magnificence. . . . I see you are smiling and think what I am say- 
ing in bad taste; yet notwithstanding, I will provoke your smiles 
still farther by saying a word or two on his moral qualities. That 
he should be humble-minded, you will readily allow, and a dili- 
gent searcher after truth, and neither diverted from this great ob- 
ject by the love of transient glory or temporary popularity, look- 
ing rather to the opinion of ages, than to that of a day, and seek- 
ing to be remembered and named rather in the epochas of his- 
torians than in the columns of newspaper writers or journalists. 


—Hovmpurey Davy, in “Consolations in Travel or The Last 
Days of a Philosopher,’ John Murray, London, 1830, pp. 248- 
54. 
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Tue first presentation of the Dexter Award in the History of 
Chemistry was made to Raupu E. Orsper at the 130th Meeting 
of the A.C.S. at Atlantic City in September, 1956. This choice 
by the Division of the History of Chemistry for this honor comes 
as no surprise to friends of THIs JouRNAL. The quality and 
quantity of Dr. Oesper’s contributions have been the delight of 
readers for 30 years. His advice and counsel have been the sup- 
port of all of its editors. The accompanying account of Dr. 
Oesper’s life and work incorporates the remarks by Dr. Denis I. 
Duveen at the time of the award presentation and portions of a 
paper read before the Division at the Cincinnati Meeting of the 
A.C.S. (spring, 1955) by Professor Robert D. Billinger of Lehigh 
University. 


CINCINNATI is the home of one of America’s industrious 
biographers. He is a native son, trained in her schools 
and university. World traveler and friend of scientists 
in many countries, Ralph Edward Oesper has been 
publishing a continuous series of papers on history of 
chemistry for over three decades. It is very evident 
that an around-the-world trip made with his family 
almost exactly three decades ago stimulated him es- 
pecially and provided basic material that was to illumi- 
nate and delight readers of the JouRNAL oF CHEMICAL 
EpucaTion during the following years. The Oespers 
took the opportunity to visit numerous eminent con- 
temporary chemists and pay homage to those who had 
gone before by visiting and photographing the scenes 
of their activities and their tombs. An unusually long 
paper of some 50 pages accompanied by about 60 
illustrations and titled “What a Chemist May See 
in Europe’! was one of the most charming and instruc- 
tive results of the journey. 

The original version of this chemist’s guide to 
Europe was referred to as “unusually long” because 
of the fact that the prizewinner has manifested the ex- 
ceptional virtues of succinctness and brevity to an 
unusual degree. He has specialized in compact, yet 
informative and accurate biographical sketches. This 
is well attested by the inclusion in the Encyclopedia 
Britannica of 24 biographies of renowned chemists 
written by him. From this adept biographer we can 
get an excellent summary of the scientific advances 
made by some of the masters of the past. Among 
those are: Armstrong, Arrhenius, Crookes, Dumas, 
Fresenius, Glauber, Graham, Haber, Henry, Hofman, 
Kolbe, LeBel, Mitscherlich, Nernst, Nobel, Ostwald, 
Perkin, Priestley, Raoult, Richards, Werner, Wisli- 
cenus, Wébler, and Wollaston. 

It is axiomatic that none who has not a strictly chem- 
ical education and background can hope to contribute 
fruitfully to the history of our science. Ralph Oesper’s 
main field of interest in this direction has been analyti- 
cal chemistry which he taught for many years. In 
fact the reagent ferrous ethylene diamine sulfate, 
which can replace the less stable ferrous ammonium 
sulfate, is marketed under the name of “‘Oesper’s Salt.’”? 


1 R. E., J. Comm. Epuc., 6, 195 (1929). 
? R. E., anp K. P. Caraway, J. Cuem. Epvc., 24, 
235 (1947). 


To keep abreast of his major field, and to aid others 
likewise, Oesper translated from the German “Newer 
Methods of Volumetric Analysis’* by Brennecke, 
et al. A much more ambitious translation was the 
extensive treatise (740 pages) written by Feigl, en- 
titled “‘Chemistry of Specific, Selective and Sensitive 
Reactions.”* This labor cemented a friendship be- 
tween author and translator which grew constantly 
as each valued the ability of the other. Reviewers 
have described these translations as “admirably done” 
and noted for “painstaking care.”’ , 

Much of Oesper’s historical work has been con- 
cerned with foreign chemists, and in a number of cases 
he has either translated their work or collaborated 
with them in the preparation of English language edi- 
tions. This aspect of his labors has had a two-fold 
effect. It has made available to English-speaking 
students and scholars important material they would 
otherwise not have had the opportunity of consulting. 
A second, probably more important, effect is that it has 
fostered international goodwill and helped dispel the 
false illusion, still held in certain quarters abroad, that 
Americans are solely interested in things of material 
and not of cultural or humanistic import. 

In addition to the furthering of international good 
will by his prolific writing, Oesper has been helpful in 
personal and material ways. Through his influence 
foreign students have been aided in coming to American 
universities; countless CARE packages have been 
shipped abroad, and European friends have received 
small stipends for technical articles or translations. 
In 1951, the year in which he retired from active teach- 
ing, Oesper was chosen as one of a group of American 
chemists to welcome and guide visiting foreign dele- 
gates who came to the International Congress of Pure 
and Applied Chemistry. 

Dr. Oesper has served as secretary, and chairman, 
and trustee of his local section of the A.C.S., and also 
has been secretary and counselor, and active member 
of the Division of History of Chemistry in the national 
organization. He was chosen Eminent Chemist of the 
Cincinnati Section of A.C.S. for 1953-54 


3 BRENNECEKEE, E., K. Fasans, N. H. Furman, R. Lana, AnD 
H. Stamm, ‘Newer Methods of Volumetric Analysis,’ D. Vat 
Nostrand Co., Inc., 1938. 

‘Fete, Frrrz, “Chemistry of Specific, Selective, and Sens 
tive Reactions,” Academic Press, New York, 1949. 
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One of the very significant recent educational devel- 
opments is the acknowledgment by certain high 
schools of a responsibility to provide more solid educa- 
tional fare for students of greater than average ability 
and motivation in preparation for college. These 
high schools make provision for work in as many as 
12 areas, which goes considerably beyond what is 
normally expected in preparing for college. These 
areas include English composition, literature, European 
history, American history, French, German, Latin, 
Spanish, mathematics, biology, physics, and chem- 
istry. Students in these courses, by passing The 
Advanced Placement Tests of the College Entrance 
Examination Board, become eligible for consideration 
for advanced placement in colleges. These tests 
meet a long-recognized need—they provide a reliable 
measuring tool to measure the competence of a superior 
student in terms of the point at which he should begin 
college studies. During the past year there has been 
a sharp increase in the number of secondary schools 
offering courses for advanced placement. For ex- 
ample, about 38 schools provided about 900 candidates 
for the C.E.E.B. Advanced Placement Tests in 1955. 
This increased to about 110 schools which provided 
about 2300 candidates in 1956. 

Chemistry is one of the fields in which Advanced 
Placement Tests are being prepared on an annual 
basis. A report on the operation of this program 
will be found in 1tHIs JourNAL.! The College En- 
trance Examination Board—Brown University Con- 
ference in June 1956 was devoted to the Advanced 
Placement Course in Chemistry. The high-school 
teachers present pointed out the need for reference 
books in chemistry that would reflect modern view- 
points in chemistry and yet could be used by high- 
school students, The conference authorized the ap- 
pointment of a committee? to prepare and submit 
an annotated bibliography of reference books that 
should be especially helpful to students and teachers 
in high schools offering a course for advanced place- 
ment in chemistry. The recommendations of the 
committee follow herewith. 


ANNOTATED BIBLIOGRAPHY OF REFERENCE BOOKS 
FOR HIGH-SCHOOL LIBRARIES 


Benson, S. W., “Chemical Calculations,’ John Wiley & Sons, 
Inc., New York, 1952. A book on solving problems in inorganic 
chemistry. Presents solutions which emphasize an analytical 
approach. Stresses mole method. 


Cason, James, “Essential Principles of Organic Chemistry,”’ 
Prentice-Hali, Inc., Englewood Cliffs, New Jersey, 1956. An 
elementary textbook presented with the idea that theories and 
principles of organic chemistry should predominate over the 
systematic study of functional groups. 


Fizser, L. F., anv Freser, M., “Organic Chemistry,’’ 3rd ed., 
D. C. Heath and Co., Boston, Massachusetts, 1956. A large 
one-volume text on carbon chemistry and its applications to 
chemical technology, biology, and medicine. Up-to-date infor- 


' Norton, B. M., J. Cuem. Epuc., 33, 232, 237 (1956). 

4 The committee: Conrad E. Ronneberg (Chairman), Denison 
University; Edward L. Haenisch, Wabash College; Bayes M. 
Norton, Kenyon College; Leallyn B. Clapp, Brown University; 
Samuel P. Massie, Fisk University. 
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REFERENCE BOOKS FOR ADVANCED PLACEMENT CHEMISTRY COURSES 


mation on structures of vitamins, alkaloids, natural products and 
their syntheses. 


Guasstong, §., “Source Book on Atomic Energy,’’ D. Van 
Nostrand Co., Inc., New York, 1950. Contains elementary 
information on the physics of the fundamental particles, a lucid 
survey of nuclear transformations, particle accelerators, nuclear 
forces, fission, nuclear structure, and uses of nuclear energy. 


Goutp, E. S., “Inorganic Reactions and Structure,” Henry 
Holt and Co., New York, 1955. A text of inorganic chemistry 
just beyond the scope of the first year of general college chem- 
istry. Emphasis on structure as implied in the title. 


“Handbook of Chemistry and Physics,” Chemical Rubber 
Publishing Co., Cleveland, Ohio. An annual publication. 

or 

Langs, N. A., “Handbook of Chemistry,’’ Handbook Pub- 
lishers, Ine., Sandusky, Ohio. Ninth edition now current. 
Handbooks of physical constants of inorganic and organic com- 
pounds and mathematical tables. 


“Henley’s Twentieth Century Book of Formulas, Processes and 
Trade Secrets,’’ edited by G. D. Hiscox, Norman W. Henley 
Publishing Co., New York, 1945. A book of recipes and formulas 
for making industrial products from adhesives to inks to process 
cheese to shaving lotion to shoe polish. 


“Tnorganic Syntheses,’ various editors, McGraw-Hill Book 
Co., Inc., New York, 1939-1953, 4 volumes. An advanced 
laboratory manual. Directions for many inorganic preparations 
originate in one laboratory and are tried and approved in another 
before they are acceptable for these volumes. 


Latimer, W. M., anp HILDEBRAND, Joe H., ‘“‘Reference Book 
of Inorganic Chemistry,” 3rd ed., The Macmillan Co., New 
York, 1951. The essential facts of chemistry systematically and 
briefly presented and related to theories and principles. 


MOELLER, T., “Inorganic Chemistry,’’ John Wiley & Sons, Inc., 
New York, 1952. Part I contains a theoretical background for 
understanding principles of inorganic chemistry. Part II is the 
descriptive chemistry of the elements by groups (almost in reverse 
order of the Periodic Table). 


L., “Nature of the Chemical Bond,” 2nd ed., Cornell 
University Press, Ithaca, N. Y., 1940. Treatment of the struc- 
ture of molecules, crystals, and metals based on a qualitative 
discussion of quantum mechanics. The unifying idea in the 
book is the theory of resonance. Requires a minimum of mathe- 
matics to understand. 


Reap, W. T., “Industrial Chemistry,” 3rd ed., John Wiley & 
Sons, Inc., New York, 1943. Emphasis is on important indus- 
trial applications of chemistry. 


N. V., Chemical Elements and Their Com- 
pounds,’”’ Clarendon Press, Oxford, Toronto, Canada, 1950, 2 
volumes. A treatise describing the chemistry of the elements in 
modern terms of atomic and molecular structure with an attempt 
at correlation of properties. Contains a description of their 
more important compounds, evidence of structure, variations in 
properties within a group and between groups. Documented 
to 1948. 


Weeks, Mary E., “Discovery of the Elements,’’ 6th ed., 
Journal of Chemical Education, Easton, Pennsylvania, 1956. 
A description in narrative style of the discovery of the elements, 
anecdotes about the chemists who made the discoveries, and 
some of the controversy of rival claims. Edition 6 has up-to-date 
information on the discovery of elements beyond 92. 


JOURNALS 


Chemical and Engineering News, 1155 Sixteenth Street, N.W., 
Washington 6, D. C. 

Journal of Chemical Education, Easton, Pennsylvania. 

Scientific American, 2 West 45th Street, New York 36, N. Y. 

Scientific Monthly, American Association for Advancement of 

Science, 1515 Massachusetts Avenue, Washington 5, D. C. 
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THE MUTUAL INFLUENCE OF SCIENTIFIC 
ACTIVITIES AND FOREIGN RELATIONS 


Tue reciprocal relationship between science and 
human relations finds expression in many departments 
of life. The literature is replete with observations on 
the interaction of scientific experimentation and in- 
dustrial progress. Much scientific knowledge has been 
applied to military policy and planning; and con- 
versely, these policy and planning activities have often 
affected scientific research and development. The 
same observations can be made on the relationship 
between science and activities in agriculture, medicine, 
and other large fields of human endeavors. Only 
recently, however, has thought seriously been given to 
the connection between science and the relations among 
national governments. 

It was largely in recognition of these latter reciprocal 
relations that the work of the office of the Science 
Adviser in the Department of State and of the science 
attachés in Embassies abroad was set in motion in 1951. 

The work proceeds from the obvious fact that, more 
and more, scientific activities are affecting our foreign 
relations. This fact makes it imperative that these 
activities here and abroad be recognized and identified, 
their implications and their potentialities for foreign 
relations be evaluated, and when appropriate their 
import be brought to the attention of the Department 
and the Foreign Service. 

There is another side to this fact: the conduct of 
foreign relations is increasingly influencing scientific 
progress. This side of the coin requires that the ob- 
jectives of scientific activities and our political, eco- 
nomic, security, and other national objectives be 
reconciled. In carrying on activities that help pro- 
mote scientific progress, such as the exchange of 
scientific persons, encouragement of international 
meetings, and programs such as the International 
Geophysical Year (IGY), day-to-day decisions must be 
reached for achieving maximum benefit to our foreign 
relations and to the progress of science. This is the 
context within which the work is oriented. 


THE ROLE OF THE DEPARTMENT OF STATE 


The Berkner report? emphasized over and over 
again the importance of that area in which scientific 
activities and foreign relations may mutually influence 
each other. The business of that area is the business 
of the Department of State. The Office of the Science 
Adviser and the science attachés in capitals abroad 
have been components of the Department of State 
precisely because their business is essentially with 
matters in this peculiar area. 

The primary concern of the Office of the Science 


! Assistant to the Science Adviser. 
2 Science and Foreign Relations, Department of State Publica- 
tion 3860, General Foreign Policy Series 30, Released May, 1950. 
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WALTER M. RUDOLPH’ 
Department of State, Washington, D. C. 


Adviser has accordingly been with this particular 
segment of foreign relations. It has attempted to 
integrate its work with that of the other Department 
offices when scientific elements have been significant. 
It coordinates much of its work with the Nation: 
Academy of Sciences-National Research Council. It 
relies heavily upon the Academy-Research Council for 
assistance, and has good reason for doing so. That 
body has initiated and directed many important scien- 
tific activities, and by its Congressional charter is 
linked to the Department in its capacity as scientific 
counselor to the United States Government. By 
virtue of membership on the Interdepartmental Com- 
mittee on Scientific Research and Development, the 
Office of the Science Adviser has established liaison 
with other member government units. Through this 
liaison, the Office has their cooperation in relevant 
matters, and they in turn can utilize when appropriate 
the facilities of the Department. The Office has at- 
tempted to serve as a medium through which questions 
of foreign relations, when they involve scientific con- 
siderations, can be channeled by those outside the 
Department, including other government units and 
private sources. In brief, the Office operates as any 
other office in the Department operates in processing 
questions and reaching decisions on issues of foreign 
relations. 

Similarly, the primary concern of the science at- 
tachés overseas has been with this peculiar area of 
foreign relations. Their offices have been the counter- 
part in the field of the Office of the Science Adviser in 
Washington. Day to day, they have operated in the 
same way and in the same context in which other 
Embassy officers have operated. In their associations 
with foreign individuals, organizations, and govern- 
ments, they have represented at once the interests of 
their government and of science. When, in their ob- 
servations growing out of these associations and of 
other sources, they believed a particular scientific 
activity carried significant import for our relations 
with the country of their assignment, they have con- 
ferred with other Embassy officers and advised with 
them. The composite of thought and_ reflection 
brought to bear on the matter thus called to the at- 
tention of their Embassy colleagues often has given 
science attachés the basis for dispatching to Washig- 
ton a report useful to the Department. 

To be sure, science attachés have reported on other 
scientific matters abroad. These reports, however, 


‘usually have been connected with foreign relations 


questions, and they have not typically been supplied 
to facilitate a particular research program carried o1 in 
the United States. Science attachés have facilitated 
international exchange of information and_perswns. 
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They have helped American scientists visiting abroad. 
Functions of research reporting, and liaison, and 
servicing, however, have been performed quite success- 
fully by other U. S. Government officers and by non- 
government U. S. organizations abroad. Although the 
science attachés have engaged in these activities, their 
main business has been collaboration with other Em- 
bassy Officers on foreign relations matters when the 
questions raised required the abilities or the judgment 
or the counsel of men with scientifie background and 
experience. 

.\ few examples may be outlined of how the Office of 
the Science Adviser and the science attachés together 
have been concerned with matters in that unique domain 
where scientific activities and foreign relations often 
affect each other. 


INTERNATIONAL CONFERENCES 


In the past few years international scientific meet- 
ings have multiplied and attendance has mounted. 
The Department is called on more and more for advice 
and assistance. The Office of the Science Adviser, in 
collaboration with other government and non-govern- 
ment units, has assisted in planning such meetings, 
selecting United States delegates, briefing official 
delegates when appropriate, and arranging for financing 
either by the Department or by other sources. 

The Office of the Science Adviser has also worked 
closely with Department officers responsible for action 
on visa and passport matters. The Office sometimes 
receives inquiries from other departments or agencies 
or from outside sources relating to visa applications of 
particular foreign scientists invited to come to this 
country. In such instances, the Office normally brings 
ithe inquiries to the attention of the appropriate De- 
partment officers. It does not request special consid- 
ration for scientists or suggest ways of getting around 


Its collaboration has resulted in a clearer and 
more comprehensive understanding of the inquiries, 
pnd has thus helped in the effort of reconciling our 
ecurity and other objectives with the objectives of 
cientific progress. Conversely, other offices of the 
Jepartment at times have requested of the Office of 
he Science Adviser information and advice on visa 
hnd passport matters, and the Office nearly always 
as succeeded in being of service. 

A striking parallel to that just sketched has operated 
n the Embassies abroad where science attachés have 
een posted. They too have developed an amicable 
elation with Consular Officers, and have collaborated 
vith them on recurring occasions on matters relating 
0 the entry of foreign scientific visitors to this country. 


PXCHANGE OF PERSONS 


The Office of the Science Adviser has assisted a 
izable number of American and foreign scientists 
eking professional opportunities here and abroad, 
hen (heir proposals were deemed worthy, by advising 
n appropriate channels they might profitably follow 
1and outside the Department. Utilizing the facilities 
f the Academy—Research Council and calling on the 
enc’ attachés abroad, the Office has also been able 


OLUME 34, NO. 3, MARCH, 1957 


substantially to aid Department officers respon- 
sible for exchange-of-persons programs in their selection 
process by furnishing them reliable appraisals of 
scientific candidates and projects. 

Similar assistance has been given to Embassy officers 
in the missions where science attachés have been 
assigned. Typically, science attachés have been full- 
fledged members of the Educational Commissions in 
the countries of their assignment. In this capacity, 
they have participated actively in developing national 
exchange programs and in directing the process of 
selection and screening of Fulbright and other exchange 
candidates. 

The Office of the Science Adviser has attained a 
degree of success in helping to coordinate private pro- 
grams of exchange with those of the Department. 
It has, for example, aided in the planning of such 
programs; and science attachés have taken up the 
thread and advised on the details of the programs 
abroad. Conversely, science attachés have them- 
selves stimulated exchange programs operated by 
non-government funds. 


ATOMS FOR PEACE 


The 1951 announcement setting up the Office of the 
Science Adviser specifically excluded responsibilities 
for atomic energy matters from its province. That 
Office does not now have such responsibilities. A 
separate unit was functioning successfully at that time, 
and continues effectively to assume responsibilities for 
all atomic energy matters relating to the business of 
the Department of State. 

However, in the Embassies abroad the science at- 
tachés have aided considerably in the atoms for peace 
program. They have been in a unique position to 
explain the scientific aspects of the program to foreign 
scientists interested in taking advantage of the op- 
portunities the United States had to offer to foreign 
governments. The science attachés have been helpful 
to Embassy officers in coordinating the scientific as- 
pects of the program with political and other aspects. 
Whenever questions, arising from negotiations of 
bilateral agreements, related to the scientific aspects 
of the program, the science attachés were able to help 
effectively in framing the questions in terms that often 
facilitated practicable solutions. Their advice on step- 
by-step developments abroad relating to the scientific 
side of the negotiations was of significant assistance to 
foreign governments and to this Government. Two 
science attachés stationed in Europe in 1955 were 
designated by the Department of State as advisers to 
the United States Delegation at the Geneva Confer- 

ence. In that capacity, they served the delegation 
and the Department by advising on significant develop- 
ments and supplying pertinent analyses useful for our 
foreign relations. 


INTERNATIONAL GEOPHYSICAL YEAR 


The Academy-Research Council, responsible for 
planning and directing the United States part of the 
IGY program, understandably proceeded on the 
proposition that the job was essentially one for scien- 
tists. It discerned, however, that in the development 
of this program of international proportions the area in 
which scientific activities and foreign relations could 
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THE MUTUAL INFLUENCE OF SCIENTIFIC 
ACTIVITIES AND FOREIGN RELATIONS 


Tue reciprocal relationship between science and 
human relations finds expression in many departments 
of life. The literature is replete with observations on 
the interaction of scientific experimentation and in- 
dustrial progress. Much scientific knowledge has been 
applied to military policy and planning; and con- 
versely, these policy and planning activities have often 
affected scientific research and development. The 
same observations can be made on the relationship 
between science and activities in agriculture, medicine, 
and other large fields of human endeavors. Only 
recently, however, has thought seriously been given to 
the connection between science and the relations among 
national governments. 

It was largely in recognition of these latter reciprocal 
relations that the work of the office of the Science 
Adviser in the Department of State and of the science 
attachés in Embassies abroad was set in motion in 1951. 

The work proceeds from the obvious fact that, more 
and more, scientific activities are affecting our foreign 
relations. This fact makes it imperative that these 
activities here and abroad be recognized and identified, 
their implications and their potentialities for foreign 
relations be evaluated, and when appropriate their 
import be brought to the attention of the Department 
and the Foreign Service. 

There is another side to this fact: the conduct of 
foreign relations is increasingly influencing scientific 
progress. This side of the coin requires that the ob- 
jectives of scientific activities and our political, eco- 
nomic, security, and other national objectives be 
reconciled. In carrying on activities that help pro- 
mote scientific progress, such as the exchange of 
scientific persons, encouragement of international 
meetings, and programs such as the International 
Geophysical Year (IGY), day-to-day decisions must be 
reached for achieving maximum benefit to our foreign 
relations and to the progress of science. This is the 
context within which the work is oriented. 


THE ROLE OF THE DEPARTMENT OF STATE 


The Berkner report? emphasized over and over 
again the importance of that area in which scientific 
activities and foreign relations may mutually influence 
each other. The business of that area is the business 
of the Department of State. The Office of the Science 
Adviser and the science attachés in capitals abroad 
have been components of the Department of State 
precisely because their business is essentially with 
matters in this peculiar area. 

The primary concern of the Office of the Science 


1 Assistant to the Science Adviser. 
2 Science and Foreign Relations, Department of State Publica- 
tion 3860, General Foreign Policy Series 39, Released May, 1950. 
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Adviser has accordingly been with this particula: 
segment of foreign relations. It has attempted tc 
integrate its work with that of the other Department 
offices when scientific elements have been significant. 
It coordinates much of its work with the Nationa/ 
Academy of Sciences-National Research Council. It 
relies heavily upon the Academy-Research Council for 
assistance, and has good reason for doing so. That 
body has initiated and directed many important scien- 
tific activities, and by its Congressional charter is 
linked to the Department in its capacity as scientific 
counselor to the United States Government. By 
virtue of membership on the Interdepartmental Com- 
mittee on Scientific Research and Development, the 
Office of the Science Adviser has established liaison 
with other member government units. Through this 
liaison, the Office has their cooperation in relevant 
matters, and they in turn can utilize when appropriate 
the facilities of the Department. The Office has at- 
tempted to serve as a medium through which questions 
of foreign relations, when they involve scientific con- 
siderations, can be channeled by those outside the 
Department, including other government units and 
private sources. In brief, the Office operates as any 
other office in the Department operates in processing 
questions and reaching decisions on issues of foreign 
relations. 

Similarly, the. primary concern of the science at- 
tachés overseas has been with this peculiar area of 
foreign relations. Their offices have been the counter- 
part in the field of the Office of the Science Adviser in 
Washington. Day to day, they have operated in the 
same way and in the same context in which other 
Embassy officers have operated. In their associations 
with foreign individuals, organizations, and govern- 
ments, they have represented at once the interests of 
their government and of science. When, in their ob- 
servations growing out of these associations and of 
other sources, they believed a particular scientific 
activity carried significant import for our relations 
with the country of their assignment, they have con- 
ferred with other Embassy officers and advised with 
them. The composite of thought and _ reflection 
brought to bear on the matter thus called to the ai- 
tention of their Embassy colleagues often has give 
science attachés the basis for dispatching to Washing- 
ton a report useful to the Department. 

To be sure, science attachés have reported on other 
scientific matters abroad. These reports, howeve', 
usually have been connected with foreign relations 
questions, and they have not typically been supplie 
to facilitate a particular research program carried on i) 
the United States. Science attachés have facilitate 
international exchange of information and _ person-. 
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They have helped American scientists visiting abroad. 
Functions of research reporting, and liaison, and 
servicing, however, have been performed quite success- 
fully by other U. S. Government officers and by non- 
government U. S. organizations abroad. Although the 
science attachés have engaged in these activities, their 
main business has been collaboration with other Em- 
bassy Officers on foreign relations matters when the 
questions raised required the abilities or the judgment 
or the counsel of men with scientific background and 
experience. 

A few examples may be outlined of how the Office of 
the Science Adviser and the science attachés together 
have been concerned with matters in that unique domain 
where scientific activities and foreign relations often 
afiect each other. 


‘ 


INTERNATIONAL CONFERENCES 


In the past few years international scientific meet- 
ings have multiplied and attendance has mounted. 
The Department is called on more and more for advice 
and assistance. The Office of the Science Adviser, in 
collaboration with other government and non-govern- 
ment units, has assisted in planning such meetings, 
selecting United States delegates, briefing official 
delegates when appropriate, and arranging for financing 
either by the Department or by other sources. 

The Office of the Science Adviser has also worked 
closely with Department officers responsible for action 
on visa and passport matters. The Office sometimes 
receives inquiries from other departments or agencies 
or from outside sources relating to visa applications of 
particular foreign scientists invited to come to this 
country. In such instances, the Office normally brings 
the inquiries to the attention of the appropriate De- 
partment officers. It does not request special consid- 
eration for scientists or suggest ways of getting around 
the law. It is, however, often able to supply pertinent 
information and advice to the office responsible for 
responding to the visa inquiries before the replies are 
made. Its collaboration has resulted in a clearer and 
more comprehensive understanding of the inquiries, 
and has thus helped in the effort of reconciling our 
security and other objectives with the objectives of 
scientific progress. Conversely, other offices of the 
Department at times have requested of the Office of 
the Science Adviser information and advice on visa 
and passport matters, and the Office nearly always 
has succeeded in being of service. 

A striking parallel to that just sketched has operated 
in the Embassies abroad where science attachés have 
been posted. They too have developed an amicable 
relation with Consular Officers, and have collaborated 
with them on recurring occasions on matters relating 
to the entry of foreign scientific visitors to this country. 


EXCHANGE OF PERSONS 


The Office of the Science Adviser has assisted a 
sizable number of American and foreign scientists 
seeking professional opportunities here and abroad, 
when their proposals were deemed worthy, by advising 
on appropriate channels they might profitably follow 
in and outside the Department. Utilizing the facilities 
of the Academy—Research Council and calling on the 
science attachés abroad, the Office has also been able 
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‘ the countries of their assignment. 


substantially to aid Department officers respon- 
sible for exchange-of-persons programs in their selection 
process by furnishing them reliable appraisals of 
scientific candidates and projects. 

Similar assistance has been given to Embassy officers 
in the missions where science attachés have been 
assigned. Typically, science attachés have been full- 
fledged members of the Educational Commissions in 
In this capacity, 
they have participated actively in developing national 
exchange programs and in directing the process of 
selection and screening of Fulbright and other exchange 
candidates. 

The Office of the Science Adviser has attained a 
degree of success in helping to coordinate private pro- 
grams of exchange with those of the Department. 
It has, for example, aided in the planning of such 
programs; and science attachés have taken up the 
thread and advised on the details of the programs 
abroad. Conversely, science attachés have them- 
selves stimulated exchange programs operated by 
non-government funds. 


ATOMS FOR PEACE 


The 1951 announcement setting up the Office of the 
Science Adviser specifically excluded responsibilities 
for atomic energy matters from its province. That 
Office does not now have such responsibilities. A 
separate unit was functioning successfully at that time, 
and continues effectively to assume responsibilities for 
all atomic energy matters relating to the business of 
the Department of State. 

However, in the Embassies abroad the science at- 
tachés have aided considerably in the atoms for peace 
program. They have been in a unique position to 
explain the scientific aspects of the program to foreign 
scientists interested in taking advantage of the op- 
portunities the United States had to offer to foreign 
governments. The science attachés have been helpful 
to Embassy officers in coordinating the scientific as- 
pects of the program with political and other aspects. 
Whenever questions, arising from negotiations of 
bilateral agreements, related to the scientific aspects 
of the program, the science attachés were able to help 
effectively in framing the questions in terms that often 
facilitated practicable solutions. Their advice on step- 
by-step developments abroad relating to the scientific 
side of the negotiations was of significant assistance to 
foreign governments and to this Government. Two 
science attachés stationed in Europe in 1955 were 
designated by the Department of State as advisers to 
the United States Delegation at the Geneva Confer- 
ence. In that capacity, they served the delegation 
and the Department by advising on significant develop- 
ments and supplying pertinent analyses useful for our 
foreign relations. 


INTERNATIONAL GEOPHYSICAL YEAR 


The Academy-Research Council, responsible for 
planning and directing the United States part of the 
IGY program, understandably proceeded on the 
proposition that the job was essentially one for scien- 
tists. It discerned, however, that in the development 
of this program of international proportions the area in 
which scientific activities and foreign relations could 
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mutually influence each other could be particularly 
important. Consequently, it asked the Department 
—specifically the Office of the Science Adviser—to 
serve on the US-IGY National Committee as ex officio 
member. The creation of this communication channel 
between the Department and the National Committee 
for occasions when scientific plans seem to impinge on 
our foreign relations, and our foreign relations on 
scientific plans, has been justified. There already 
have been occasions when questions of mutual concern 
have arisen and solutions worked out. For example, 
the United States and the Canadian-IGY National 
Committees had agreed on the scientific desirability of a 
cooperative IGY project. These plans, however, 
raised questions for this Government and the Canadian 
Government concerning the interchange of personnel 
and equipment. These questions of diplomatic re- 
lations were worked out with the Canadian Govern- 
ment and formal arrangements were concluded. Thus, 
this particular cooperative scientific activity is now 


consistent with the IGY program and with the foreign 
policies of the United States and Canada. 


Onz of the most difficult intellectual problems faced 
by the college student of today is to see his education 
—and the life it is intended to prepare him for—in 
perspective. Too often the bewildered undergraduate 
thinks only in terms of jumping over (or crawling 
under) the hurdles of unrelated course requirements in 
science, social studies, humanities, and language so 
that he can trot down the homestretch to commence- 
ment with these subjects safely behind him and never 
to be encountered again. 

The teacher of general chemistry, like the teacher 
of any introductory course in college, has both the 
opportunity and the obligation of helping his students 
to see his subject in relation to the whole world of 
knowledge. The teacher who shows the place of 
chemistry among the other natural sciences and the 
relation of science to other disciplines can help a good 
deal in reducing intellectual provincialism among his 
students. 

One way of conceiving the broad sweep of man’s 
knowledge as a correlated whole is to consider it as a 
continuous spectrum extending from science at one 
end to humanities at the other. Such a spectrum may 
be thought of as analogous in many ways to the elec- 
tromagnetic spectrum. 

Mathematics and the natural sciences may be 
thought of as related to one another in one segment 
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The Department has lent its facilities to IGY scien- 
tists in conducting meetings abroad to discuss the line 
coordination of plans with scientists of other IGY vis 
countries. They were non-governmental assemblics bec 
and the Department has no representation at the giv 
meetings. However, the possibility that questions in inst 
the area of science and foreign relations could arise in thi 
these meetings had been recognized by the United phy 
States IGY scientists and the Department. alike. \ 
Consequently, in planning those meetings, arrange- scie 
ments were made with the appropriate American mat 

Embassy abroad to make its facilities and services of 

available so that such questions could be handled the 
expeditiously. to! 
As the IGY planning proceeds, the Department will 
continue its liaison with the US-IGY National Com- Pas 
mittee to insure the reconciliation between its scientific edge 
activities and our foreign policy objectives. and 
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Figure 1. indic. 
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Increasingly empirical interpretation > 
Figure 1. The Spectrum of Mathematics and Natural Sciences 

The tremendous range of difference in wave length 
of electromagnetic radiation from cosmic rays (wave Ags 
length less than 10—'? cm.) through radio waves (wave & tyeon 
length greater than 10+!* cm.) is analogous to the & .), de 
tremendous difference in intellectual “wave length’ Bang , 
from science on the one hand to humanities on the & go.ia) 
other. Just as the techniques for dealing with gamma & ten), 
rays are radically different from those used to 10a & eeono 
nipulate radio waves, so the techniques for handling & pesrin 
chemistry are different from those for dealing with B fp) <,, 
literature. Nevertheless, just as there are anq 4] 
characteristics common to all electromagnetic raclia- HH that 
tion, so there are basic characteristics common to all B more , 


human thought. 

The spectrum of knowledge, like the spectrum of 
electromagnetic radiation, can be understood more 
readily if we focus our attention on different parts at 
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different times. But we must always bear in mind 
that the boundaries between regions in both spectra 
are not discontinuities but only convenient dividing 
lines which are both arbitrary and diffuse. In the 
visible spectrum, one color merges into the next, and it 
becomes a matter of choice whether we describe a 
given wave length as blue-green or green-blue, for 
instance. A similar choice is presented to us when we 
think of the fields of physical chemistry and chemical 
physics. 

What, then, are the characteristics which tie the 
sciences together into a continuum? Poincaré—a 
mathematician—said that science is ‘knowledge not 
of things but of their relationships.” Einstein—a 
theoretical physicist—said that science is “the attempt 
to make the chaotic diversity of our sense experience 
correspond to a logically uniform system of thought.” 
Pasteur—a biologist—said that science is “knowl- 
edge gained by systematic observation, experiment, 
and reasoning.” A composite of these statements 
might be worded: Science is logically organized and 
objectively verifiable knowledge of the relations among 
phenomena and is also the search for these relations by 
systematic observation and reasoning. 

A scientist is, therefore, not only a person who 
knows about nature but also one who does something 
with his knowledge. The action most characteristic 
of the scientist is, of course, research. It may be 
research in the laboratory or with pencil and paper 
but the desire to “make sense” out of raw data is the 
driving force in either case. In science the data (at 
least on levels of moderate difficulty) are accessible 
to anyone who will strive to comprehend them. Sci- 
entific data are public and common knowledge, not 
private and personal experiences. They are deter- 
mined by agreement (more or less approximate) among 
many observers of the same or similar phenomena. 

When I say science, I include by implication the 
social as well as the natural sciences. This particular 
portion of our whole spectrum of knowledge may be 
indicated as in Figure 2. 


Psychology Anthropology Economics Government | History 
Sociology : 


+ Increasing opportunities for experiments to build up 
logical, objective consistency 
Increasingly empirical interpretation > 
based upon subjective Gealention 


Figure 2. The Spectrum of Social Studies 


Again it must be stressed that the boundaries be- 
tween disciplines do not represent discontinuities but 
are convenient dividing lines which are both arbitrary 
and diffuse. For instance, the differences between 
social psychology and psychological sociology are 
tenuous indeed. The oft-encountered phrase “socio- 
economic factors” further illustrates the need for 
bearing in mind the interrelatedness of social studies. 
In social sciences the data at hand are so plentiful 
and the variables so many and so difficult to control 
that the theoretical interpretations are more varied, 
more complex, and more slowly accepted by the ma- 
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jority of workers in a given field than is the case in the 
natural sciences. 

As one proceeds through the spectrum of social 
studies into the segment where subjective evaluation 
becomes dominant, he approaches the region of the 
humanities. When we attempt to find a definition of 
“humanities” we are engulfed in a flood of conflicting 
claims and high-voltage argument. A useful defini- 
tion grows out of Walter Lippmann’s statement that 
humanism “signifies the intention of men to concern 
themselves with the discovery of the good life.on this 
planet by the use of human faculties.” ‘Humanities” 
may then be thought of as those studies concerned 
with humanism. If we conceive of religion as an ex- 
tension beyond humanistic studies, we may indicate 
the final segment of our spectrum of knowledge as in 
Figure 3. 


Fine Arts Religion 


Music, Drama 


Literature Philosophy 


Increasingly subjective concepts > 
Figure 3. The Spectrum of the Humanities 


The key concept which underlies the region of the 
spectrum described as “the humanities” lies in the 
phrase “the good life.’ The scientist is curious to 
learn the truth for its own sake but the humanist 
seeks both truth and goodness. Of course, the 
discoveries of science can lead to the good life 
through conquest of disease, multiplication of food 
supplies, and alleviation of the cruel manual labor 
which consumes the lives of so many individuals in 
primitive societies. However, these “goods” are 
achieved by technology rather than by science itself, 
for the technologists and engineers are the men who 
apply scientific knowledge for the good of mankind. 
Technology may, of course, be applied toward evil 
ends—the use to be made of nuclear fission being a 
most urgent case in point. Shall we employ our 
supplies of uranium and thorium to blast our way to 
world domination or shall we breed power and life- 
giving radioisotopes in our reactors? The answers to 
these questions will not be made by any one group of 
people in our society. Our natural scientists must 
lead in discovering nature’s ways. Our technologists 
must lead in discovering how to control natural proc- 
esses to achieve the good life. Our social scientists 
must lead in discovering how to achieve the good life 
for more men through social processes. Our human- 
ists must lead in discovering what the good life really is. 

The natural sciences, social studies, and the human- 
ities, then, are but convenient categories for sorting 
out and handling today’s enormous stocks of knowl- 
edge. The boundaries between these categories (and 
between the disciplines included in each category) are 
both arbitrary and diffuse. Though relationships 
between the narrow disciplines in a given category are 
more readily recognizable than relationships between 
the broader categories, there are threads of continuity 
which tie together the whole spectrum of the liberal 
arts and sciences. 
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Symposium on Recent Advances in Photochemistry 


INTRODUCTORY REMARKS 


Puorocuemisrry is a science devoted to the study of 
the interaction of light with matter; it is primarily 
concerned with the chemical effects of this interaction. 
A large and informative body of photochemical data 
has been obtained in experiments which extend from 
the early pioneering work of Hales (1677-1721), Scheele 
(1777), and others, to the more quantitative experi- 
ments of the present century. These will be referred to 
by the contributors to this symposium. There has 
been a very rapid advancement in photochemistry, as 
in most research fields, during the years since the 
second World War. It is the primary purpose of this 
symposium to inform interested scientists and educators 
of some of the important advances which have occurred 
during this period. Space limitations restrict the 
coverage to only four very specific areas of photo- 
chemistry: (1) relations between molecular structure 
and photodecomposition modes, (2) the study of free 


radical reactions through photochemistry, (3) new 
techniques in photochemical research, and (4) photo- 
chemical synthesis. Development has been equally 
great in many other areas of photochemistry, e.g, 
photosynthesis, solid phase photochemistry, photo- 
chemistry of the upper atmosphere, etc. Discussions 
based on the recent developments in any one of these 
areas constitute excellent material for additional 
symposia. 

It is hoped that the presentation will not only be 
instructive to the educator but will serve to stimulate 
an interest in photochemical research among those 
who do not now utilize the many versatile techniques 
peculiar to photochemistry. 

Jack G. CALVERT 
Chairman of Symposium 
Tue Onto State UNIVERSITY 
Co.tumsus, OxI0 


RELATIONS BETWEEN MOLECULAR STRUCTURE 
AND PHOTODECOMPOSITION MODES' 


A prostem of prime interest in photochemistry for 
several decades has been the determination of the effect 
of molecular structure on modes of photodecomposi- 
tion. Within the last ten years the development of 
new microanalytical devices, particularly the mass 
spectrometer, has resulted in break-throughs on many 
difficult analytical problems, and this success in turn 
has led to a rapid and ever increasing flow of publica- 
tions in this field. 

Considerable progress has been realized on the cor- 
relation of molecular structure with photochemical 
reactivity in vapor-phase studies of the direct photoly- 
sis of aldehydes and ketones. Sufficient information 
is now available so that it is possible to predict quali- 
tatively, and in some cases semiquantitatively, the 
extent of free radical processes versus direct molecular 
rearrangements in these systems. It is this material 
with which this paper will be primarily concerned. 


Much excellent detailed work has appeared in the © 


1 Presented as part of the Symposium on Recent Advances in 
Photochemistry before the Division of Chemical Education at 
the 129th Meeting of the American Chemical Society, Dallas, 
April, 1956. 
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significant area of photosensitized reactions, but a 
discussion of it here is beyond the scope of this paper. 
For an excellent recent review of this subject, and 
indeed all areas of vapor-phase photochemistry, the 
reader is referred to Steacie’s monograph (/). Ref- 
erence books dealing specifically with photochemistry 
should also be consulted (2, 3). 

Before embarking on a discussion of the results of 
vapor-phase photochemical studies of ketones and 
aldehydes it seems appropriate to consider first some 
of the background material of photochemistry in gen- 
eral and to define and illustrate several of the terms 
commonly employed. 

The fundamental difference between the usual 
thermal reactions and photochemical processes is in the 
manner in which the energy initially required to break 
chemical bonds is acquired. In pyrolyses, energy in 
excess of the activation energy for reaction is obtained 
through a series of random collisions with other ener- 
getic molecules in the system. In photolyses, he 
molecule becomes photoactivated by absorbing 4 
quantum of radiation of frequency v. If sufficient 
energy is provided, the excited molecule can then 
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dissociate, rearrange, or react with another molecule. 
It is of great importance that the energy of the photon 
absorbed by the molecule is given exactly by the equa- 
tion 

E =hy (1) 


where £ is in ergs, h is Planck’s constant, and » is the 
frequency in sec~'. Thus, in order to achieve reaction 
the researcher in pyrolytic processes can be said to use 
a type of shotgun technique in which energies of exci- 
tation are distributed through a wide range. On the 
other hand, a photochemist employing monochromatic 
light of frequency » is by analogy using a rifle that 
delivers quanta of known energy hv. 

A quantity often used by photochemists is a mole 
of quanta. This refers to Avogadro’s number 6.02 X 
10°, of quanta, and is called an “Einstein’”’ of radia- 
tion. By using the appropriate conversion factors, 
one can derive from equation (1) the expression 


2.858 X 105 kcal. Einstein=! 


E 
rin A. 


(2) 


in which E per mole of quanta is given in terms of kilo- 
calories. For example, a system in which an Einstein 
of 3130 A. radiation is absorbed has its energy increased 
by 91 keal. On a molecular basis it should be noted 
that absorption of radiation is, at the usual intensities 
employed, a one quantum process per molecule. Thus, 
per Einstein of radiation 6.02 X 10?* molecules will be 
photoactivated. As a further example, in acetone the 
bond dissociation energy of a C—C bond, Dc—c, is 
71 keal. mole—'; thus a molecule absorbing one quan- 
tum of 3130 A. radiation has received more than enough 
energy for a homolytic bond rupture. 

A photochemical reaction usually involves one or 
more primary processes. A primary process is generally 
considered to include the absorption of a quantum of 
radiation by the reacting molecule and the subsequent 
reactions of the energy-rich molecule, including disso- 
ciation (2). Certain of these reactions, such as fluores- 
cence, do not lead to chemical change. Blacet (4) has 
recently defined these as “primary photophysical 
processes’ in contradistinction to those leading to 
permanent chemical change which he designates ‘‘pri- 
mary photochemical processes.” Important examples 
of the latter type are illustrated for acetone and acet- 
aldehyde in reactions I and I’. 


CH;COCH; + hy ~ CH; + CH;CO (I) 
CH;CHO + hy ~ CH; + HCO (I’) 


Absorption of a quantum of radiation, hy, by the car- 
bonyl chromophore produces a molecule of acetone in 
an excited state. This energy-rich molecule can 
rapidly dissociate into free radicals as indicated in (1) 
or dissipate its energy in photophysical processes such 
as fluorescence or collisional. deactivation. Once 
formed by (I), the methyl and acetyl radicals undergo a 
variety of secondary thermal reactions leading ulti- 
mately to stable products. Acetaldehyde undergoes 
an analogous split, (I’), into methyl and formyl radi- 
cals but differs from acetone in that it can also undergo 
a second type of primary photochemical process, (II), 
which involves an intramolecular rearrangement into 
the complete molecules methane and carbon monoxide. 


CH;CHO + hy — CH, + CO (IT) 
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Here then is one interesting effect of molecular struc- 
ture on photodecomposition modes. The sole primary 
photochemical process for acetone is a free radical split, 
whereas acetaldehyde with an H atom in place of a 
methyl group undergoes two distinctly different types 
of primary processes. This matter will be treated in 
more detail subsequently. 

The quantum efficiency of a specific primary photo- 
chemical or photophysical process is designated by the 
symbol ¢. For example, 1 = [Molecules CO formed 
in (II)]/[Total quanta absorbed]. Although. quanti- 
tative estimates of these primary quantum yields are 
of considerable significance they are difficult to obtain 
experimentally in a direct, unambiguous, manner. The 
current status of this problem has been critically re- 
viewed very recently by Noyes and co-workers (5). 

Another symbol often encountered in photochemistry 
is &. Ina photochemical process, @ is the measure of 
the quantum efficiency of the over-all participation of a 
specific product or reactant. Thus, in the photolysis 
of acetaldehyde cq = [Total molecules of CO pro- 
duced in the entire process |/ [Total quanta absorbed ]. 

The primary and the over-all quantum yields for a 
process differ in this important respect. The sum of the 
quantum yields for all primary reactions (including 
fluorescence and deactivation) in a given photochemical 
process must equal unity (i.e., = 1.00), where as can 
be as low as 10~* for some processes and as high as 10° 
for others. The essential difference results from the 
fact that molecules of the product or reactant in ques- 
tion may be involved, not only directly in the primary 
act, but also in secondary thermal reactions. For 
example, the aliphatic aldehydes undergo a chain de- 
composition when photolyzed at elevated temperatures 
but the aliphatic ketones do not. Thus, co = 86 for 
acetaldehyde photolysis at 3130 A. and 250° (6) whereas, 
@co = 1.0 for acetone under similar conditions (7, 8). 

A typical sequence of secondary reactions for alde- 
hydes involves methy] radicals formed in primary proc- 
ess (I’) reacting with the acetaldehyde substrate to 
give methane and acety] radicals. 


CH;CHO + CH; — CH, + CH;CO (3) 
CH;CO — CH; + CO (4) 


At temperatures above about 100° the acetyl radicals 
decompose readily by reaction (4) to produce carbon 
monoxide and another methyl radical. Thus the 
elements of a chain are set up leading to over-all quan- 
tum yields of methane and CO that exceed unity. 
Methy] radical attack on acetone, (5), howeyer, 


CH; + CH,;COCH; — CH, + CH,COCH, (5) 


produces the acetony] radical which is relatively much 
more stable toward decomposition than acetyl, hence 
no chain ensues and ®go is unity. 

The subject of secondary reactions in photochemical 
systems will be covered in detail in the paper by Dr. 
Gunning. 


EXPERIMENTAL TECHNIQUES 


In addition to the experimental problems faced in 
research on thermal decompositions, a photochemist in 
the field of reaction mechanisms requires a source of 
intense monochromatic radiation and a means of quan- 
titatively determining itsintensity. He isalso faced with 
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acute analytical problems. In quantitative work the 
amount of photodecomposition is usually of the order of 
1% to5%. This prevents appreciable photolysis of the 
reaction products themselves. Thus, with the range of 
light intensities of monochromatic light usually em- 
ployed (10'* to 5 X 10" quanta/sec.) only micro quanti- 

. ties of products are obtained in runs of several hours 
duration. 

The following brief discussion of some experimental 
techniques successfully employed in photochemistry 
touches on these problems and is included here because 
the material may be of general interest. 

Absorption Spectra. The so-called “First Law of 
Photochemistry” states that in order for light to be ef- 
fective in producing chemical change it must be ab- 
sorbed. Thus, the first step in a proposed study of a 
photochemical process is to obtain the absorption spec- 
trum of the compound being photolyzed. Either vapor- 
phase or liquid-phase spectra are suitable for determina- 
tion of the general region in which absorption occurs. 
The former type shows more structure since solvent ef- 
fects are absent. However, to date, with the exception 
of a few simple molecules (NO, for example), not much 
success has been achieved in the correlation of the ap- 
pearance of fine structure with primary processes and 
photodecomposition modes. 

The aliphatic aldehydes and ketones possess in com- 
mon a relatively weak absorption band in the ultravio- 
let starting at about 3300-3400 A. and reaching a maxi- 
mum in the region of 2775-2875 A. depending on the 
particular compound. Such a curve for acetone is 
shown in Figure 1. They also show a very strong sec- 
ond absorption band beginning around 2000 A. and ex- 
tending into the vacuum ultraviolet or Schumann re- 
gion. The first band falls in an experimentally accessi- 
ble region where quartz optics can be readily employed 
and where mercury ares give out strong emission lines 
which are suitable as radiation sources. As a conse- 
quence of these fortunate experimental circumstances, 
the vapor-phase photochemistry of the aliphatic alde- 
hydes and ketones has been more widely studied than 
all other classes of volatile organic compounds, such as 
alcohols, ethers, esters, anhydrides, and acids, com- 


bined. In the latter cases, the chromophoric groups do 
not absorb significantly at wave lengths above 2500 A 
and strong absorption lies in the region around 2000 A 
This is a very difficult experimental region for quantita- 
tive studies, since no stable, convenient, and relatively 
inexpensive light sources with strong lines in this re- 
gion, are at present readily available. Furthermore, 
both crystal and fused quartz optics absorb strongly in 
this region, and optics of lithium fluoride or calcium 
fluoride are almost required if prism monochromators 
are employed to produce monochromatic light. In one 
of the few quantitative studies in this field, Blacet and 
Crane (9) report the construction of such a monochro- 
mator and its use in the photolysis of several simple ali- 
phatic aldehydes. Despite the difficulties, the field of 
photochemical studies in this region of 1750-2200 A. is 
potentially most fruitful and one worthy of considera- 
tion by the hardy experimentalist. 

Some photochemical studies have been made of a,(- 
unsaturated aldehydes and ketones, and a typical ab- 
sorption spectrum is included in Figure 1 for ¢rans- 
methyl propenyl ketone, CH;COCH=CHCH;. The 
double bond conjugated to the carbonyl chromophore 
produces a strong shift to the red (bathochromic), so 
that the first absorption maximum falls around 3300 A. 
and the second about 2200 A. Thus, both bands fall in 
experimentally accessible regions and the photolysis of 
crotonaldehyde (10, 11, 12) and of trans-methy] pro- 
penyl ketone (13) has been investigated in both ab- 
sorption regions. Results are discussed later in this 
paper. 

Light Sources. Light sources used in direct photoly- 
ses (in contrast to photosensitized reactions) are me- 
dium and high pressure mercury ares, enclosed in fused 
quartz envelopes, and operating on either a.c. or d.c. 
voltage. 

Table 1 shows the spectral energy distribution of ra- 
diation emitted by a Type A mercury arc manufactured 
by the Hanovia Manufacturing Company. This lamp 
is typical of the type used to obtain line emission spec- 
tra. When used in conjunction with the proper filter or 
monochromator, these lamps are good stable sources of 
monochromatic light of adequate intensity for many 
types of photochemical studies. It 
is clear from the data that most of 
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the power consumed by the lamp is 
given off as heat in the infrared or 
as visible light, but sufficient energy 
falls in the 3660, 3130, 2652, and 
2537 A. lines to make them partic- 
ularly useful and widely employed. 

Other common light sources are 
high pressure quartz lamps such as 
the General Electric AH-6 and the 
BTH lamp manufactured in Eng- 
land. These are extremely intense, 
but in cases where “pure” mono- 
chromatic light is desired they suf- 
fer from a pressure broadening effect 
so that the lines tend to be smeared 
out into a continuum. Low pres 
sure-high voltage mercury arcs 


WAVELENGTH IN ANGSTROMS 


Figure 1. Vapor-phase Absorption Spectra 


emitting the 2537 A. mercury res 
onance line are used in studies of 
mercury photosensitized reactions. 
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TABLE 1 
Radiation Data for the Hanovia be cn Medium Pressure, 
Mercury-Quartz p* 


Intensity 
Region Wave length (% of total) 

Infrared Total 55.0 
Visible hes 6234 A. 0.4 

Yellow... .5700 6.6 

Green ...5460 A. 4.7 

ae: he. 4960 and 4358 A. 4.3 

Total 

Ultraviolet 4045 and 3906 A 

3660 A. 

3341 A 

3130 A 

3025 A 

2967 A 


2925, 2893, and 2803 A. 
2752 and 2700 A. 


2482, 2400, 2360, and 2300 A. 
1942 and 1849 A. 


| = | 
S| 


Total 
* Data from Hanovia Research Laboratory. 


A recent type of electrodeless discharge lamp also ap- 
pears promising. The subject of arcs and sparks as 
sources of ultraviolet light has been recently discussed 
in detail by Koller (14) and others (2, 14). 

In order to achieve monochromatic radiation from a 
multi-line source such as a mercury arc it is necessary 
to use a monochromator or filter system. A mono- 
chromator is much more convenient to use and is ca- 
pable of giving higher purity radiation in the ultraviolet 
than chemical filters. However, suitably “fast’’ mono- 
chromators such as the quartz-lithium fluoride prism 
type manufactured by the Farrand Optical Company 
and the grating type made by Bausch and Lomb Opti- 
cal Company cost in the neighborhood of $5000 and 
$1500, respectively. Furthermore, high purity with a 
monochromator is achieved only at a sacrifice of inten- 
sity. These considerations account for the widespread 
use of glass or interference filters in the visible and ultra- 
violet, down to and including the 3660 A. line, and 
chemical filters below this. Suitable filters and mono- 
chromators have been discussed by several authors (2, 
4, 18). 

Actinometry. By definition, in order to determine a 
quantum yield it is necessary at some point to measure 
the quanta of light absorbed by the reacting compound, 
I,. Iq = [Total intensity of radiation falling on the ab- 
sorbing species] X [Fraction of this total radiation ab- 
sorbed]. The latter quantity is readily determined 
with a simple phototube-galvanometer system. Ex- 
perimental difficulties arise when J, the total absolute 
intensity, is to be determined. The most accurate and 
direct technique is to determine J by means of a multi- 
junction thermopile previously calibrated with lamps 
of standard intensity. Such thermopiles, however, are 
not readily available and more often chemical actinom- 
eters are employed. The latter technique involves 
photolyzing first a compound with a known quantum 
yield of product. From the known value of & product, 
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an analytical determination of the molecules of product, 
and a measurement of the fraction of light absorbed by 
the reactant one can evaluate J since 


Molecules of product 
product X Fraction light absorbed by reactant 


Acetone is a convenient actinometer for use in vapor- 
phase studies of aldehydes and ketones since co is 1.00 
at.temperatures above 120° and wave lengths from 2500 
A. to 3200 A. In solution-phase studies the photolysis 
of uranyl oxalate has been the most widely used actinom- 
eter (2, 16), while malachite green leucocyanide (1/7) 
is useful for very low light intensities. 

A diagram of a typical reaction system used in vapor- 
phase photochemical studies of the type being discussed 
is shown in Figure 2. In essence, polychromatic radia- 
tion from the water-cooled quartz-mercury arc A passes 
into the entrance slits B of the prism monochromator, 
through the monochromator optics O-P-O, and mono- 
chromatic light of the desired wave length emerges 
from the exit slit Z. This radiation passes through 
quartz lens G and a parallel beam fills the quartz pho- 
tolysis reaction cell H. Radiation emerging from H 
falls on photocell M used for determining the fraction 
of incident light absorbed. It is enclosed in water- 


cooled housing N. The reaction cell H is set in an alu- 
minum block furnace J which can be controlled at any 
temperature from 25° to 400°C., thus enabling one to 
obtain the effect of temperature on a photochemical 
process. 


Figure 2. of Type of Optical ter the 
Determination of Quantum Yields in Vapor-phase Systems 


Analysis of Products. As an example, in a typical 
photolysis of methyl ethyl ketone the total volume of 
gaseous products pumped off at —79° might amount to 
only 300 microliters (0.3 ml.) at S.T.P. The sample 
could contain carbon monoxide, methane, ethane, pro- 
pane, butane, and butene in various amounts. This 
sample can be analyzed for carbon monoxide, unsatu- 
rates, and total C and H by means of the Blacet-Leigh- 
ton apparatus for the microanalysis of gases (18). Un- 
fortunately, accurate analysis of the individual hydro- 
carbons is impossible by ordinary chemical methods . 
and a mass spectrometer is required. Recently the 
techniques of vapor-phase chromatography have been 
applied to volatile samples of this size and composition, 
and this new tool looks most promising. As a final ex- 
ample of the type of data obtained and the orders of 
magnitudes of the quantities involved in quantitative, 
vapor-phase photolyses, the reader is referred to Table 
2 


Analysis of the so-called “condensable fraction’”’ (that 
is the residue remaining when the gases are pumped off 
at —79° or some other specified temperature) has al- 
ways been difficult and, in many cases, impossible with 
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TABLE 2 


The Effect of Temperature on Quantum Yields of the Noncondensable Products of Methyl Neopentyl Ketone uc 
. Photolyses at 3130 A. (16) it 
Temp., °C. 120 120 170 210 250 (I 
ressure » mm. AL 
Pressure/temp., mm./°K. 0.122 0.112 0.111 0.110 0.111 Pi 
Time, sec. X 10-4 2.88 2.88 2.88 2.88 2.88 
Incident intensity, (quanta/cc. sec.) X 10-1? 3.54 3.54 3.54 3.54 3.54 fat 
Fraction absor 0.557 0.570 0.578 0.620 0.642 Th 
Vol. CO, cu. mm., 8.T.P. Ha 11.4 21.6 21.9 52.1 . 
Quantum ® va 
Isobutylene 0.23 0.23 0.24 0.28 0.27 len 
Acetone 0.18 0.24 0.25 be 
Carbon monoxide Oe 0.042 0.079 0.075 0.17 ba: 
Methane 0.026 0.022 0.038 0.04g 0.13 Fi 
Ethane 0.005 0.007 0.008 0.013 0.023 rec 
Isobutane 0.005 0.006 0.009 0.012 0.020 Th 
Neopentane 0.01g 0.020 0.027 0.030 0.025 ata 
@ Not determined. det 
wa 
the analytical techniques available. This is under- D. Disproportionation : s 
standable, for one is attempting to analyze quantita- CH; + CH;,;CO + CH, + CH.CO (7) R 
tively micro amounts of condensed products in the 
. . Process (I) is efficient since ¢1 is estimated to be about eth 
presence of a hundred fold excess of starting material. 0.75 at (6). (4) 
the dissociation of the acetyl radical occurs rapidly at for 
P ys P , temperatures above 100°C. Hence, at elevated tem- esti 
’ EFFECTS OF MOLECULAR STRUCTURE peratures the primary process is effectively Is. we 
stra 
The first quantitative studies of the vapor-phase pho- CH;COCH; — 2CH; + CO (Ts) L 
tolysis of aldehydes and ketones were carried out some Acetone photolysis at elevated temperatures thus fur- alsc 
quarter of a century ago, yet the field is still under active nishes a clean source of methy] radicals, and this tech- reac 
investigation, and significant results are appearing reg- nique has been widely used (/). ‘ ancl 
ularly in various areas of kinetics and mechanisms of It is interesting to note that no intramolecular primary sinc 
free radical reactions. Several reviews have appeared photochemical process has been demonstrated con- in e 
on aliphatic ketones (19, 20), the latest being a critical clusively for acetone, despite an extensive search in of tl 
study of “The Primary P hotochemical Process in which iodine inhibition and deuterium labeling tech- MV 
The niques have been employed. The literature on this witl 
lent treatment of the quantitative aspects ofthe Dr subject hasbeen rtcaly covered by Steaie). 
k yP Our di q | So sense baie P Some typical secondary reactions of importance are met! 
etones. Our discussion will be direct primarily to- given to illustrate the variety of products obtained sour 
ward an understanding of the effect of the structure of from such a “simple” system. Many other products hae 
the side chain (e.g., aliphatic, olefinic, cycloalkyl, and have also been found, which adds to the complexity of 
halogenated) on the primary photodecomposition the situation (1, 5). ; (CH; 
modes of several series of methyl ketones, and the Methyl Ethyl Ketone. This is the simplest ketone to The 
aliphatic aldehydes. lend itself to a study of structural effects on photode- Mar 
y are the primary processes exclusively free-radical an yield 
The has been the second, is there preferential breaking of the C—C bonds tions 
subject of more gas-phase photochemical investigations so that primary reaction (III) is favored over (IIIp), and 
than any other compound. The current status {/) can eo view vacua? d 
be expressed in terms of one free radical primary. proc- ss thy 
ess and a series of secondary thermal reactions of the — C:H; + CH;CO (114) 
radicals produced therein. + CH, + C;H,CO (IIIs) 
The Primary Process: These questions have been resolved by use of iodine = 
CH,COCH,; + hy + CH; + CH,CO (I) vapor as a free radical “trap.” This widely used tech- - a 
‘cal Second RAY nique is based on the fact that the reaction of alkyl 
radicals with molecular iodine is very efficient. Thus 
A. Decomposition when several mm. pressure of iodine are mixed with the = 
CH,CO + CH; + CO (4) ketone being photolyzed the large majority of the alkyl re 
; radicals react to form stable alkyl iodides, rather than di 
B. Abstraction hydrocarbons by abstraction or recombination reac- 
CH; + CH,COCH; — CH, + CH,COCH; (5) tions. Primary intramolecular reactions, however, care a 
o ‘eae z presumably unaffected by the presence of the iodine tna 
vapor since con-plete molecules are formed directly ia the rel 
2CH; — C,H, (6) one-step process. In the specific case of methy] etliy! of unre 
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ketone-iodine photolyses, no significant gaseous prod- 
ucts other than small amounts of CO were found. Thus, 
it is presumed that only free radical primary reactions 
(IiI,) and (IIIg) occur. Furthermore, analysis of the 
alkyl iodides by use of radioactive carrier techniques by 
Martin and Sutton (2/1), and by mass spectrometry by 
Pitts and Blacet (22), showed that at 3130 A. and 100° 
far more ethyl iodide was formed than methy] iodide. 
This is good evidence that process (III,) is highly fa- 
vored over (IIIg) at this wave length. At shorter wave 
lengths it was found there was much less discrimination 
between (III,) and (IIIg). This is reasonable on the 
basis that absorption of 2537 A. radiation (113 kcal./ 
Einstein) provides a large excess of energy above that 
required to break the C—C bond by (IIIa) or (III). 
Thus, relatively small differences in bond strengths or 
stabilities of radicals formed became less important in 
determining the efficiencies of primary processes at 
wave lengths shorter than at 3130 A. where the energy 
of the quanta is, according to equation (2), only 91 
kca]./Einstein. 

Studies of the noninhibited photolysis of methyl 
ethyl ketone also have appeared (23, 24) that deal 
chiefly with the secondary reactions of the free radicals 
formed in the primary processes. Ausloos and Steacie 
estimated for methyl and ethyl radicals, activation 
energies of 7.4 and 8.0 keal., respectively, for the ab- 
straction of hydrogen from the ketone (24). 

Diethyl ketone (1, 5, 25) and diisopropyl ketone (26) 
also photodissociate exclusively by primary free radical 
reactions into carbon monoxide and ethyl and isopropyl 
radicals, respectively. The processes are efficient, 
since the quantum yields of carbon monoxide are unity 
in each case, and they furnish excellent “clean” sources 
of these two important free radicals. 

Methyl Neopentyl Ketone. Reasoning by analogy 
with acetone and methyl ethyl ketone, photolysis at 
3130 A. and 120° C. of this highly branched aliphatic 
methyl ketone might be expected to be an excellent 
source of neopentyl and methyl radicals by the primary 
reaction (IV). 


(CH;);CCH,COCH; + hv — (CH;);CCH, + CH; + CO (IV) 


The actual results of a series of photolyses at 3130 A. by 
Martin and Pitts (27) are shown in Table 2. 
Examination of the quantum yields of the products 
yields the surprising result that, contrary to expecta- 
tions, neopentane is a minor product and isobutylene 
and acetone are the major constituents of the noncon- 
densables. Furthermore, co, far from being unity as 
is the case for acetone and methy! ethy! ketone, is only 
0.04 at 120°. Obviously, some new primary processes 
must be important. In-this regard it is highly signifi- 
cant that the quantum yield of isobutylene is, within ex- 
perimental error, practically independent of tempera- 
ture over the entire range from 120° to 250°C. This 
fact is strong evidence that isobutylene is formed in a 
primary photochemical process. Since the ratio of the 
quantum yield of isobutylene to that of acetone is al- 
most constant and close to unity under all experimental 
conditions? it seems reasonable to assume they are both 


* On the average, the yield of isobutylene is about 15% greater 
than acetone, and it is felt this is due to incomplete separation of 
the relatively small amounts of acetone from the large amounts 
of unreacted ketone. 


formed in the same primary reaction, (V). 
(CH;);CCH:COCH; + (CH;)eC = CH, + CH,COCH; (V) 


This process is analogous to that originally proposed 
by Norrish (28) and later developed by Davis and Noyes 
(29) to explain their detailed work on methy! n-butyl 
ketone. More recently Masson (30) and Nicholson 
(31), also have employed this type of intramolecular 
process to explain the photochemical behavior of cer- 
tain aliphatic ketones having y-hydrogen atoms, while 
Blacet and Calvert have demonstrated that n-butyral- 
dehyde undergoes a similar photoreaction to give 
ethylene and acetaldehyde (32). In the Davis and 
Noyes picture, reaction (V) can be visualized as taking 
place through the decomposition of a photoactivated 
six-membered cyclic configuration involving partial 
bonding to the oxygen atom by a y-hydrogen atom. 
Cleavage of the a,8-carbon bond, accompanied by com- 
plete transfer of the y-hydrogen atom, leads to isobu- 
tylene and enol acetone in one concerted step. 


H,C—H~-O 


(CH;)2C = CH: + CH; = C(OH)CH 


However, an alternative picture also exists in which a 
y-hydrogen atom might be directly transferred to the 
secondary a-carbon atom without the formation of an 
enol intermediate. To date there is little direct evi- 
dence as to which of these two detailed mechanisms, if 
either, is correct. However, it does now seem well 
established that only those ketones having y-hydrogen 
atoms can participate effectively in this type of rear- 
rangement. 

The minor hydrocarbon products can be explained on 
the basis of secondary thermal reactions of radicals 
formed in the inefficient, primary photochemical reac- 
tions (IV) and (VI). 


(CH;);CCH,;COCH; + hv (CH;);C + CH,COCH; (VI) 


Appreciable deactivation of the excited ketone must. 
occur since a rough material balance indicates that the 
sum of the primary process yields is much less than 
unity. 

Other Aliphatic Methyl Ketones. Nicholson has 
shown that photolysis of methyl n-propyl ketone gives 
as an important reaction, acetone and ethylene (3/), 
while Davis and Noyes (29) demonstrated that methy] 
n-butyi ketone yields propylene and acetone as major 
products. Methyl isobutyl ketone also gives these 
products (27). Presumably they arise from primary 
intramolecular photochemical processes analogous to 
(V). 

In the case of these methyl ketones with alkyl! side 
chains it is interesting to compare, as in Table 3, the 


TABLE 3 
Quantum Yields of Rearrangement, ¢y, and of CO Pro- 
duction for Methyl Ketones at 3130 A. and 100°-120° (27) 


Ketone ov bv/Pco Reference 
CH;COCH; 0.0 1.00 0.0 (7) 
CH;COCH.CH, 0.0 0.84 0.0 (22, 23) 
CH;CO(CH;,);CH; 0.48 0.11 4.4 (29) 
CH;COCH,CH(CH;)» 0.35 0.15 2.3 (27) 
CH;COCH,C(CHs;); 0.23 0.04 5.8 (27) 


etone 
12 
3 
23 
20 | 
25 
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quantum efficiencies of olefin production by this intra- 
molecular process, @y, with the quantum yields of car- 
bon monoxide from free radical processes, &co (27). 

It is interesting to note that Nicholson found methyl 
sec-butyl ketone gives ethylene and methyl] ethyl ke- 
tone as major products (31). It would appear that 
these arise from the primary intramolecular reaction 
(VII) which, again, is analogus to (V). 
CH;CH.CH(CH;)COCH; + CH, + CH;CH2:COCH; (VII) 


An interesting correlation has been observed by 
Nicholson (31) and Martin and Pitts (27) between 
the extent of this photochemical intramolecular process 
and the mass spectrometric cracking patterns of the 
higher aliphatic methyl ketones. The mass spectra of 
ketones which possess a y-hydrogen atom and dissoci- 
ate photochemically to give acetone and an olefin, 
also show significant rearrangement peaks at m/e 58. 
These probably arise from acetone molecule-ions formed 
on electron impact. - 


Cycloalkyl Side Chains 


Methyl Cyclopropyl Ketone. At first glance, the 
photolysis of this compound at 20° and 3130 A. might 
seem to be a good source of cyclopropy] radicals. Ac- 
tually, this is far from the case. It is evident from the 
quantum yields of Pitts and Norman in Table 4 that a 


TABLE 4 . 
Quantum Yields of Major Products from Methyl Cyclo- 


propyl Ketone Photolysis at 2654-2537 A. and Several 
Temperatures (33) 


25° 60° 100° 120° 170° 

®co 0.039 0.059 0.062 0.08% 0.118 
0.30 0.34 0.31 0.32 0.39 


photochemical rearrangment to methyl propeny!l ketone 
is about four times as efficient a process as dissociation 
into carbon monoxide and free radicals (33). The fact 
that @cu,cocu—cucn, 18 Virtually independent of tem- 
perature over a wide range is strong evidence that it is 
formed in a primary process. The process suggested 
by the investigators is 


H ACH 
+ hy [CH;COCHCH,CH,] (VIII) 
2 


(a) 


| H ‘CH, 
[CH,COCHCH.CH.]— 
+CH,;COCH = CHCH; (b) 


They point out that there is no direct evidence for the 
biradical intermediate but it is a convenient postulate 
to explain the formation of relatively large quantities 
of the a,8-conjugated ketone and the over-all low yield 
of photodecomposition. Minor products such as 1- 
butene, propylene, ethane, methane, ethylene, biallyl, 
and cyclopropane can be explained on the basis of sec- 
ondary thermal reactions of radicals occurring in the in- 
efficient primary process (IX). 


H H. 
+h» —+>CH, +CsHs+CO (IX) 
2 


The formation of only trace quantities of cyclopropane 
in contrast to the relatively much larger amounts of 1- 
butene, propylene, and biallyl suggests that, if cyclo- 
propyl radicals are formed in primary reaction (IX), 
they must rearrange rapidly to the more stable ally] 
structure. 

Methyl Cyclobutyl Ketone. The vapor-phase photoly- 
sis of this ketone at 2654 A. and elevated temperatures 
gives results which differ drastically from methyl cyclo- 
propyl ketone. Norman and Pitts found that the pho- 
todecomposition is chiefly free radical in nature with 
CO, C2Hs, and cyclo-C,Hs the major products 
(34). ®co remains 0.35 + 0.02 from 100 to 250° 
whereas %c,y, increases from 0.17 to 0.34. Minor 
products are methyl cyclobutane, ethane, cyclobutene, 
and traces of butadiene at the highest temperatures. 
Their results can be explained on the basis of the free 
radical primary process (X) and a series of secondary 
reactions, one of which invoives the decomposition of 
cyclobuty] radicals into ethylene and viny] radical. 


H, 
H 
Son, + As Oly CH +CO (X) 
H, 


Olefinic Substituents 


Trans-Methyl Propenyl Ketone. In this a,8-unsatu- 
rated ketone, conjugation of the olefinic bond with the 
carbonyl group results in a large shift to the red in the 
absorption spectrum (Fig. 1). Thus, photolyses in 
both electronic absorption regions are feasible in the 
typical system with quartz optics. In sharp contrast 
to those methyl ketones with aliphatic side chains, 
Tolberg and Pitts (13) found that at 3130 A. and tem- 
peratures up to 275°C. CH;COCH=CHCH; is very 
stable toward photodissociation into free radicals or 
complete molecules. The only significant photoreaction 
is the conversion of the trans to the cis isomer. 

At 2380 A. the photo-isomerization also occurs, but 
at elevated temperatures primary photochemical 
processes in which radicals are formed also become im- 
portant. The quantum yield of carbon. monoxide ac- 
tually exceeds unity at 275° and pressures below 10 
mm. Other noncondensable products are 2-butene, 
methane, propylene, and ethylene in decreasing order of 
abundance. Ketones of higher molecular weight, par- 
ticularly methyl isobutyl ketone, are also formed. 

The investigators have proposed a mechanism (/3, 
35) that seems to explain satisfactorily the results. 
Postulated primary processes include the trans to cis 
isomerization, activated molecule formation, and the 
usual free radical reactions. In order to explain the 
fact that Poo exceeds unity in some cases, and that 2- 
butene is the major hydrocarbon product under all 
conditions, a novel type of radical “addition-elimina- 
tion” reaction, (8), is proposed. 


CH;COCH = CHCH; + CH; ~ CH;CH = CHCH; + CH,¢ 7 
( 


Since the acetyl radical decomposes readily into methyl] 
radical and CO at elevated temperatures, a chain proc- 
ess is set up, and go may exceed unity. Reaction (8) 
has been further verified by later work using di-tertiary 
butyl] peroxide as a free radical source (36). 
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Halogen Substituted Side Chains 


Chloroacetone. This ketone was studied extensively 
by Strachan and Blacet (37) at 3130 A. and tempera- 
tures from 59° to 335°C. By analogy with acetone, 
they point out it might be expected that the primary 
process would be either (XIa), (XIb), or a mixture of 
the two. 


—CH;CO + CH.Cl 
H; + COCH.CI 


(XTa) 
(XIb) 


CH;COCH.Cl + hy— 


However, they found no significant amounts of meth- 
ane, ethane, carbon monoxide, or methyl chloride 
at the lower temperatures. Instead the major prod- 
ucts were hydrogen chloride, acetone, acetonyl ace- 
tone, and symmetrical biacetyl ethylene. Thus, it 
seems that the energy absorbed in the carbonyl chromo- 
phore is transmitted to the carbon-chlorine bond. This 
bond would appear to be weaker than either of the car- 
bon-carbon bonds, so the main primary process is 


CH;COCH.CI + hy CH;COCH, + Cl (XIc) 


The products and the temperature coefficients of their 
formation are then explained on the basis of (XIc) fol- 
lowed by secondary reactions of the acetony! radicals 
and the chlorine atoms. 

Further excellent evidence for reaction (XIc) was ob- 
tained in photolyses of chloroacetone in the presence of 
nitric oxide or iodine vapor as inhibitors. When NO 
was present, mass spectrometer evidence was obtained 
for CH;COCH,NO as a product. Furthermore, yc) 
was near unity indicating that the primary quantum 
yield, ¢ of reaction (XIc) also is unity. 

On the basis of their mechanism, Strachan and Blacet 
calculate that the abstraction of a hydrogen atom from 
chloroacetone by an acetonyl radical has an activation 
energy of 9 + 1 kcal./mole, assuming zero activation 
energy for the association of acetonyl radicals. This 
significant result is illustrative of the type of quantita- 
tive kinetic information on elementary reactions that 
can be obtained from carefully conceived and executed 
photochemical studies. 

Trifluoroacetone. Sieger and Calvert have carried 
out a detailed study of the photolysis of CF;COCH; at 
various temperatures, concentrations, and light intensi- 
ties (38) with the objective of using this system as a 
means of studying the relative reactivity of CF; and 
CH; radicals toward H-abstraction reactions. The 
gaseous products are: CO, CHy, CF;H, C:Hs, CF;CHs, 
and C.F. Interestingly, the quantum yields of CO, 
CH,, and C;Hg, are greater than unity at high tempera- 
tures and increase markedly with temperature. 

The authors postulate the formation of a light-ac- 
tivated state of CF;COCH; at 3130 A. which has a 
greater stability. than that formed from CH;COCH; at 
this wave length. The activated molecule then is de- 


CF;COCH; hy CF;COCH;* (XTI) 
CF;COCH;* + M — CF;COCH; + M’ (9) 


activated by collision, (9), or dissociates. The nature 
of the products indicates that reaction (XIII) predomi- 
nates over reaction (XIV). . 


CF;COCH;* — CF;CO + CH; 
— CF; + CH;CO 


(XIIL) 
(XIV) 


VOLUME 34, NO. 3, MARCH, 1957 


In explanation of the usual temperature dependence 
of their products the authors postulate several interest- 
ing, rare radical reactions, including a gas-phase, 
radical addition to a carbony! double bond. 


THE ALIPHATIC ALDEHYDES 


The first quantitative studies of the vapor-phase pho- 
tolysis of aliphatic aldehydes were carried out by Leigh- 
ton and Blacet on acetaldehyde (39) and propionalde- 
hyde (40). Subsequently, Blacet and co-workers made 
a detailed study of the series, acetaldehyde (41, 42, 43), 
propionaldehyde (44, 44), n-butyraldehyde (32, 46), 
and zsobutyraldehyde (32, 46). The results are particu- 
larly useful for comparison and correlation purposes 
since both the noninhibited and the iodine inhibited 
photodecompositions were investigated. As a result, 
quantum yields of the noncondensable products, as well 
as estimates of the quantum efficiencies of the several 
primary reactions in the region 3130 A.-2380 A. are 
available. A comprehensive review of the material up 
to 1948 has been published by Blacet (47). 

Lack of space prohibits a detailed discussion of the 
results, but considerable information on the effect of 
structure on primary photodecomposition modes is 
summarized in Table 5 (44). The Roman numerals re- 
fer to the four different primary reactions. These are il- 
lustrated below for n-butyraldehyde. Analogous re- 
actions occur for propionaldehyde, but only (I‘) and 
(II’) are significant for acetaldehyde, and only (I’), 


TABLE 5 
Comparison of the Primary Process Quantum Yields of 
Several Aliphatic Aldehydes in the First Electronic Ab- 
sorption Region (44) 
Wave length, A. 3130 2804 2654 2537 2380 
Energy, keal./mole 91 102 108 113 120 


Acetaldehyde* 
(42, 43) 
0.20 0.39 0.36 0.31 
II’) 0.013 0.15 0.28 0.37 
otal 0.21 0.54 0.64 a 0.68 
Propionaldehyde 
(44) 
(1’) 0.48 0.53 0.28 0.28 
(II’) 0.029 0.125 0.34 0.37 
(ITI’) 0.003 0.011 0.013 0.013 + 
(IV’) 0.000 0.007 0.012 0.039 0.080 
Total 0.51 0.67 0.64 0.70 ig: 
a-Butyraldehyde 
(46) 
(I’) 0.35 0.28 0.28 0.31 
(II’) 0.017 0.25 0.33 
(IIT’) 0.164 0.27 0.38 0.30 
IV’) 0.005 0.006 0.010 0.015 
otal 0.54 0.67 0.92 0.96 
Isobutyraldehyde 
(46) 
ag 0.72 0.43 
0.03 
(IV’) 0.006 0.012 0.036 0.072 
Total 0.76 0.87 


* It should be noted that recent estimates of $7’, for acetalde- 
hyde place the value at about 0.8 (6). This value is based on the 
maximum quantum yield of hydrogen production in the non- 
inhibited photolysis at high temperatures. The difference be- 
tween 0.8 and the value of Blacet and Heldman of 0.2 appears to 
be due to the action of iodine in deactivating a large proportion of 
light-excited acetaldehyde molecules before they have a chance 
to dissociate via (I’). A similar situation occurs in acetone 
photolysis. 
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(II’), and (IV’) appear in isobutyraldehyde photolysis. 
CH;CH:CH.CHO + hv CH;CH:CH, + HCO 

— CH;CH.CH; + CO (II’) 

— CH, = CH, + CH;CHO (III’) 

— CH; + CH,CH,CHO (IV’) 


Primary reactions (I’) and (III’) are analogous to the 
free radical split and the concerted intramolecular de- 
composition, respectively, observed in aliphatic ketone 
photolysis. To date, however, there is no substantial 
evidence for processes similar to (II’) and (IV’) occur- 
ring with ketones. This represents a major difference 
between the two classes of compounds. 

Table 6 presents a comparison of the ratios of the 
quantum efficiencies, ¢, of the major primary processes, 
(1’) and (II’) common to all four aldehydes. The sim- 
ilarity between the values is obvious. In all cases at 
3130 A. about 95% or more of the molecules that photo- 
decompose, dissociate into alkyl and formy] radicals by 


. TABLE 6 
Comparisons of Ratios of Primary Process II’ to Primary 
Process I’, for Several Aliphatic Aldehydes (44) 
Wave length, A. 3130 2804 2654 2537 2380 
Energy, kcal./mole 91 102 108 113 120 
Acetaldehyde (42, 43) 0.065 0.39 0.78 - 1.19 


Propionaldehyde (44) 0.046 0.24 1.19 1.32 
n-Butyraldehyde (46) 0.049 0.39 0.89 1.06 
Isobutyraldehyde (46) 0.042... 0.93 1.35 


(I’). At 2537 A, however, the concerted intramolecu- 
lar process (II’) giving “complete molecules” accounts 
for more than 50% of the total molecules dissociating 
by reactions (I’) and (II’). To test this point by an- 
other technique, Zemany and Burton photolyzed mix- 
tures of CD,CDO and CH,CHO at 3130 and 2537 A. 
(48, 49) and determined the distribution of deuterium 
in the methanes. Their results are in accord with the 
iodine-inhibition studies. Benson and Falterman (50) 
employed a similar technique with acetone and acetone 
d-6. In agreement with the iodine-acetone studies they 
also found the primary photochemical process for ace- 
tone was exclusively free radical at all wave lengths. 

Primary process (IV’) is interesting in that it illus- 
trates another case where energy originally absorbed in 
a carbonyl group can be transferred down a side chain 
and ultimately result in the rupture of a terminal car- 
bon-carbon bond. This process is negligible at 3130 

. but increases rapidly at shorter wave lengths until 
at 1849 A., in the second absorption region, it becomes 
a major primary process (9). 

It is not within the scope of this paper to discuss the 
secondary, thermal free radical reactions involved in 
the photolysis of these aldehydes. However, it is im- 
portant to reemphasize that, in contrast to the aliphatic 
ketones, chain processes for the production of carbon 
monoxide occur at elevated temperatures for each of the 
simple aliphatic aldehydes (51, 52). The general reac- 
tion scheme is 


R- + RCHO — RH + RCO. (10) 
RCO: — R- + CO (11) 


Direct evidence that only the acyl H is involved in the 
abstraction reaction (10) has been obtained by Ausloos 
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and Steacie (63) and Blacet and Brinton (54). Their 
technique involved photolyzing CH;CDO at 3130 A 
and examining the species of methane formed. 


As a final point it is worth noting that studies of the 


quantum yields of hydrogen versus temperature led to 
the calculation of the activation energy (32) for the de- 
composition of the formyl] radical, reaction (12) 


HCO — H + CO (12 


formed in primary process (I’) for each aldehyde. The 
values of E were found to be 13 kcal. for acetaldehyde 
(6), 13 keal. for propionaldehyde (44), 14 keal. for the 
butyraldehydes (32), and 13.5 keal. for formaldehyde 
(55). 

Crotonaldehyde. This conjugated aldehyde is very 
stable to photodecomposition in its first electronic ab- 
sorption region (10, 11, 12). At 3130 A. the quantum 
yield of CO at 250° is only of the order of 0.05 or less 
(12). However, at elevated temperatures and shorter 
wave lengths free radical primary processes occur and 
co is substantially increased. The behavior of cro- 
tonaldehyde is thus analogous to that of methyl pro- 
penyl ketone. In contrast, irradiation of acrolein 
leads chiefly to polymerization (56)*. 
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Tue past six years have seen remarkable developments 
in the field of free radical kinetics. During this period 
a number of important publications have appeared 
which have contributed markedly to putting the sub- 
ject on a sound quantitative basis. In these new de- 
velopments, as in the past, photochemistry has played 
a vital role. In this review there will be discussed cer- 
tain recent photochemical studies which have yielded 
quantitative data on the rates of reaction of free radi- 
cals. In addition, an attempt will be made to evaluate 
the potentialities of some of the new photochemical 
techniques which give promise of furnishing further in- 
sight into the nature of the elementary processes in free 
radical kinetics. 

The kinetic data on free radical reactions have been 


' Presented as part of the Symposium on Recent Advances in 
Photochemistry before the Division of Chemical Education at 
the 129th Meeting of the American Chemical Society, Dallas, 
April, 1956. 
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formulated largely in terms of the collision theory. 


Consider the simple abstraction reaction: CH; + 
RH — CH, + R. The rate of this reaction, measured 
as the rate of increase of CH, with time, d(CH,)/dt, 
will be equal to the rate of decrease of hydrocarbon, 
RH, with time, —d(RH)/dt. This rate will be pro- 
portional to the product of the concentrations of 
methyl radicals and hydrocarbon, thus: d(CH,)/dt = 
—d(RH)/dt = k(CH;)(RH). The specific rate con- 
stant, k, for the reaction, obeys the familiar Arrhenius 
relation: k = Ae~®*/8T, In the collision theory the 
pre-exponential factor, A, is factored into a steric 
factor, P, and the collision frequency, Z. The Arrhen- 
ius relation then becomes: k = PZe~®*’"7. The col- 
lision frequency, Z, is given by the expression: 


Z = o*(cHy.RH)(8 RT /p)'/2 


where » = (mcu,mpu)/(mcx, + men), the reduced 
form of the molecular masses of the colliding particles, 
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k is the Boltzmann constant, 7 the absolute tempera- 
ture, and oicH,, rH), the mean molecular collision 
diameter. The value of Z is uncertain to the extent 
that the collision diameter, ¢, does not lend itself to 
direct experimental evaluation. The value of Z for 
bimolecular collisions is usually in the range from 
10- to molecules! cc. sec.~' or 10'* to 10% 
mole! ec. sec.~!. According to the collision theory, 
‘the frequency factor, Z, would represent the number of 
collisions occurring per sec. in one cc. at the tempera- 
ture 7’, between two spherical particles of reduced 
mass, uz, Whose centers are separated by a distance,o cm., 
at the instant of collision. It should be borne in mind 
that the Arrhenius plot of log k versus 1/7 gives the 
values of the pre-exponential factor A = PZ, and the 
activation energy, Z*. Since no measurement has ever 
been made of the collision diameter, ¢, for a free radical 
reaction, neither P nor Z can be evaluated unequivo- 
cally. In the reaction cited between CH; and RH, it 
is customary to set (ocH;, RH) = ‘cH, + TRH, Where 
rou, and rry represent the collision radii, in cm. of 
methane and RH as determined from gas transport 
measurements. 

This paper will be limited to the discussion of cer- 
tain recent photochemical studies which, in the au- 
thor’s opinion, have contributed significantly to our 
knowledge of free radical kinetics. ‘Those who wish to 
pursue the subject further should consult the monu- 
mental work by E. W. R. Steacie (1). This treatise 
covers the literature on atomic and free radical reactions 
to June, 1953. 


THE RECOMBINATION AND DISPROPORTIONATION 
OF RADICALS 

The recombination and disproportionation of radi- 
cals may be illustrated for the case of ethyl radicals: 


C:H; + C:H; ~ CiHio 
C.H; + C:H; ~ C2Hy + 


For methy] radicals only the recombination reaction is 
significant. 

The rate constant for the recombination reaction 
of methyl radicals has been measured by Gomer and 
Kistiakowsky (2) using the rotating sector technique. 
The mathematical theory of the rotating sector has 
been known for many years. An excellent description 
of the method is given by Noyes and Leighton (3). 
The technique is applicable to any photolytic reaction 
wherein the dependence of rate upon light intensity is 
not first power. 

The rotating sector method requires a pilot reaction 
whereby the stationary-state concentration of the 
radicals under intermittent and steady illumination 
may be measured. This pilot reaction must not dis- 
turb the essential dependence of the radical concen- 
tration upon the rate of the reaction to be measured. 
As sources for methyl radicals, Gomer and Kistiakow- 
sky used the photolysis of acetone at 125° and 175°C., 
and the photolysis of mercury dimethyl at 175° and 
220°C. It had been amply demonstrated by previous 
work (4, 5) that above 100°C. the photolysis of acetone 
forms methyl radicals and CO exclusively: 


CH,COCH; + hy + 2CH; + CO (1) 


(recombination ) 
(disproportionation ) 


Under these conditions the quantum yield of CO for- 


mation is unity, and two methy] radicals are formed for 
each quantum absorbed. For the recombination reac- 
tion: 

CH; + CH; — C:He (2) 


the rate of this reaction, d(C.H¢)/dt, is designated as 
Ro,n,, a8 used in reference (2). Then: Ro,w, = k2(CHs)’. 
The abstraction process was used as the pilot reaction: 
CH; + CH;COCH; — CH, + CH,COCH; (3) 
Ren, = ks(CH;)(CH;COCH;) 
It was necessary to employ light intensities sufficiently 
high that the ratio Rc,n./Rcu, was always large. The 
primary process for methyl radical formation in the 
photolysis of mercury dimethyl is analogous to that 
of acetone (5). Methane is also formed by the cor- 
responding abstraction reaction with the substrate: 
CH; + CH;HgCH; —> CH, + CH.HgCH; (4) 
Rou, = ks«(CHs)(CHsHgCHs) 
However, in the case of mercury dimethyl, ethane is 
formed not only by the recombination reaction (2) but 
also by: 
CH; CH;HgCH; C.H¢s CH; Hg (5) 
R(5)cu, = 's(CHs)(CHsHgCHs). 
It should be noted that reaction (5) will not disturb 
the stationary-state concentration of methyl radicals. 
The true yield of ethane from the recombination is 
found by substrating that formed by reaction (5) from 
the total yield. 
In Table 1, the rate data for reaction (2) found by 
Gomer and Kistiakowsky are summarized. 


TABLE 1 
Rate Constants for the Recombination of Methyl Radicals 
ke 107-8 


Radical source 


Acetone 
Acetone 
Dimethylmercury 
Dimethylmercury 


From the data in Table 1, it can be seen that the 
rate constant is independent of the radical source. 
Gomer and Kistiakowsky find from the rate constant 
data and the collision theory that Po? = 4.47 x 10-" 
em.? Since the collision diameter, for methyl radicals 


should be in the range 24 A., reaction at every col- 
lision would correspond to Pc? = 4 to 16 X 10—* cm.’ 
Hence it can be seen that the rate data correspond to 
reaction at essentially every classical collision. It is 
generally agreed among investigators today that P = 
0.5, and E* = 0+ 0.7 keal./mole for the recombination 
of methyl radicals. 

The rotating sector technique was employed by 
Ivin and Steacie (6) to measure the rates of recom- 
bination and disproportionation of ethyl radicals: 


C:H;s + C:H; CoH, + CoH (6) 

C.Hs + C:Hs (7) 

Mercury diethyl was used as the radical source in 
photolysis at 75°-200°C. From separate experiments 


on the photolysis of mercury diethyl these authors 
found the ratio, ke/kz, of disproportionation to reco:n- 
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bination as a function of temperature. The rotating 
sector experiments yielded the value of the sum, ke + 
k;, at 150°C. From their data the ratio, ke/k7, at 150°C. 
was found to be 0.40, and ky + ky = 2.2 X 10"* mole-! 
ec. sec.—'. Whence: 


ke = 0.63 X 1018, 


k; = 1.57 X 10 mole™ cc. sec.—}; 


assuming oc.n, = 4.0 A., Z = 1.19 X mole— ce. 
sec... Expressing the rates as kj = P.Ze-£e/RT and 
k; = P:Ze-£7/RT and allowing for a possible error of 
1.5 in the rates, Ivin and Steacie conclude that E; is not 
greater than 0.65 kcal./mole, and Ej not greater than 
2.8 keal./mole. However, their experiments on the 
variation of the rates of product formation with tem- 
perature showed that Ej — E; = 0.8 + 0.2 kcal./mole. 
Hence Ej is not greater than 1.65 kcal./mole. If it is 
assumed that the recombination reaction has no ac- 
tivation energy, i.e., EZ; = 0, Ej = 0.8 kcal./mole. 
The remaining parameters for the reaction are: 
Ag = 1.65 X 1013, A; = 1.57 X 10" mole™ ec. sec.~!, 
Ps = 0.14 and P; = 0.13 

It should be noted that Ivin and Steacie’s results 
indicate that recombination should be about four 
times faster than disproportionation at 25°C. 

A number of other studies have been made recently 
from which information can be obtained on the rela- 
tive rates of disproportionation to recombination of 
radicals. Thus a number of studies have been made 
of the kinetics of radicals generated from the photo- 
decomposition of the cycloalkanes. The molecules were 
decomposed under static conditions at 30°C. by mer- 
cury-6(*P;)-photosensitization. In the reaction of 
cyclopropane with Hg-6(*P;) atoms, Ford and Gun- 
ning (7) have shown that the cyclopropyl radicals 
formed in the primary process isomerize almost im- 
mediately to allyl radicals which then disappear by 
polymerization reactions. As would be expected, the 
stability of the cycloalkyl radicals increases with in- 
creasing ring-size. Kantro and Gunning(8) found that 
cyclobutane reacted with Hg-6(P;) atoms according 
to the following sequence: 

cyclo C,Hs + Hg 6(P,) — cyclo C,H, + H + Hg 
H + cyclo C,H; — H: + cyclo C,H; 


2 cyclo C,H; — bicyclobutyl 
2 cyclo C,H; — cyclobutylbutene 


Again it will be noticed that isomerization takes place 
to some extent in the collision of the cyclobutyl radicals 
leading to the formation of cyclobutylbutene. Cyclo- 
pentyl and cyclohexyl radical formed from the reaction 
of cyclopentane and cyclohexane, respectively, with 
Hg 6(°P;) show no tendency toward isomerization. 
Consequently it is possible to study both recombina- 
tion and disproportionation for these radicals. Beck, 
Kniebes, and Gunning studied both the cyclohexane 
(9) and cyclopentane (10) reactions. At high pressures 
and small extents of reaction, the cyclohexane decom- 
position can be represented by the sequence: 


cyclo CsHiz + Hg 6(*P:) cyclo + H+ Hg (8) 
H + cyclo CeHiz — cyclo CseHu + He (9) 

2 cyclo —> bicyclohexyl (10) 

2 cyclo — cyclo CsHio + cyclo (11) 


| For eyelopentane the reaction follows the same course. 


By measuring the ratio of bicycloalkyl to cycloalkene 
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formation at small extents of reaction, the ratio, 
kio/ku was evaluated, at 30°C. The ratio was found 
to be 5 for cyclopentane and 2 for cyclohexane, with 
the former value being the more reliable owing to the 
larger pressure range over which the reaction could be 
investigated. The similarities of these values -with 
those for ethyl radicals found by Ivin and Steacie (6) 
would suggest that perhaps all hydrocarbon radicals 
may have the same ratio of rates for recombination to 
disproportionation. 


ABSTRACTION REACTIONS OF RADICALS 
Abstraction reactions of the type: 
CH; + RH — CH,+R 


have been investigated by Steacie et al. for a large 
number of hydrogen-containing substrates. The work 
has been discussed in detail in an excellent review ar- 
ticle by Trotman-Dickenson (1/1). Only the basic prin- 
ciples of the technique will be dealt with here. 

It has been pointed out above in the discussion on the 
recombination of methyl radicals that the photolysis of 
acetone above 100°C. leads to the formation of 2CH; + 
CO per quantum absorbed. The ethane and methane 
formation can be quantitatively accounted for by the 
reactions: 


CH; + CH; —~ C.H¢ (12) 
CH; + CH;COCH; — CH, + CH:COCH; (13) 


Whence, Row = ky2(CH3;)? and Rou, = kis(CH3)(CH;- 
COCHS), and ky3(CHsCOCHS) 
Rearranging we obtain: 


= = 


Therefore by measuring rates of methane and ethane 
formation over a range of temperatures, and plotting 
versus 1/T, Eis — and Ais 
Ay’? may be obtained. Since both Ej, and Ay are 
known from the work described above on the recom- 
bination of methyl radicals, the activation energy and 
pre-exponential factor for the abstraction reaction, 
(13), may be obtained. An important characteristic 
of the acetone system is its high reproducibility. Thus 
for the abstraction reaction the results of a number of 
workers in various laboratories show that ky; at 182°C. 
= 9 +2 X mole'ce. sec.~', Ej; = 9.6 + 0.2 
kcal./mole, and A,; = 35 + 5 X 10~-"mole™ cc. sec.—"'. 

When acetone is photolyzed in the presence of a hy- 
drogen-containing substrate, RH, the methyl radicals 
from the acetone will abstract hydrogen atoms from 
the added substrate: 


CH; + RH — CH, + R (14) 
Under these conditions: 
Ren, = + kyu(CHs)(RH) 
and 
Rou,/Ro,u,'/? = + 


Since the first term of the above equation has already 
been evaluated from the studies on pure acetone, 
and thus Ey “4 and Ay/Aw” may he 
determined. Again since the values for the recom- 
bination reaction, (12), are known, both the activation 
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energies and pre-exponential factors for reaction (14) 
may be evaluated for various abstractable substrates. 

An alternate procedure for determining the param- 
eters for the abstraction reaction involves the use of 
acetone-ds. From the photolysis of pure CD;COCD;, 
the ratio k,;/ky»'/2 may be obtained from the reaction: 


CD; CD; (12’) 
CD; + CD;COCD; — CD, + CD.COCD; (13’) 


Photolysis of CD;COCD; admixed with the hydrogen- 
containing substrate results in the abstraction reac- 
tion: 
CD; + RH — CD;H + R (14’) 
From the kinetics of the reaction: 
ki4/kis = 


The ratio Rep,w/Rcp, may be determined with ex- 
cellent precision with a mass spectrometer. Hence 
kys/kiz can be found. Since the relation between 
kis and ki3 has been measured, ky may be evaluated. 
Results for the abstraction reaction applied to the 
same RH by the two methods agree very satisfactorily. 


THE DECOMPOSITION OF RADICALS 


Bywater and Steacie have obtained kinetic data on 
the thermal decomposition of ethyl and propyl radicals 
by studying the mercury-6(*P,)-photosensitized reac- 
tions of ethane (12) and propane (13) at elevated tem- 
peratures. The method will be described for the 


ethane reaction. It had been shown by previous 
work that ethane reacts with Hg-6(°P,;) atoms at room 
temperature and high pressures (>200 mm.) according 


to the sequence: 


Hg 6(3P;) + Hg + C2H; + H; (15) 
H + C:He He + kye(C2H6)(H) (16) 
2C2Hs — 'ix(C2Hs)? (17) 


where ®, the efficiency of the primary process, has a 
slight temperature coefficient. The disproportionation 
of the ethyl radicals can be ignored for this study as 
will be seen presently. With increasing temperature, 
Bywater and Steacie (12) observed a slight increase in 
the rate of hydrogen production attributable to ®. 
At approximately 400°C., a sudden increase was ob- 
served in the rate of hydrogen formation, suggesting 
chain initiation. The chain reaction was ascribed to 
the decomposition of the ethyl radicals: 


C:H, + H (18) 


The chain reaction would then be maintained by reac- 
tions (16) and (18). From the Arrhenius plot of log- 
(Ry,) versus 1/7 the slopes could be obtained for both 
non-chain and chain conditions. From the steady- 
state calculation: 


d(Hz)/dt = + 


The first term would represent the reaction under 
non-chain conditions, i.e., for 7, 400°C. The slope 
under chain conditions would therefore give Ei, + 
— From the slope at low temperatures 
1/.Ez = 0.5 keal./mole. Assuming for the recom- 
bination reaction that E,, = 0, Ej, becomes 39.5 kcal./ 
mole. 

Bywater and Steacie applied the same technique to 


the propane reaction. Above 300°C. a chain reaction 
was again observed in hydrogen formation, which was 
attributed to the reaction: 


C;:H; C;Hs + H (19) 


with the chain being maintained by (19) coupled with 
the abstraction reaction: 


H + H: + (20) 


From their data Ej, was estimated to be 38 + 1 kcal. / 
mole. It should also be pointed out that the high tem- 
perature reaction also yielded methane as a product. 
Bywater and Steacie attributed this product to the ro- 
actions: 


C;H; CH; + C.H, 
CH; + C;Hs CH, + C;H, 


Hence both hydrogen atoms and methyl radicals act 
as chain carriers in the high temperature decomposition 
of propane. 


THE PRIMARY PROCESS IN MERCURY-PHOTOSENSI- 
TIZATION 


Mercury-photosensitization has been used exten- 
sively in the study of free radical reactions. In this 
technique the substrate to be decomposed is saturated 
with mercury vapor and exposed to the radiation from 
a mercury resonance lamp. These lamps emit essen- 
tially the two mercury resonance lines at 2537 A. and 
1849 A. The shorter wave length may be removed 
easily by appropriate filters. The decomposition of a 
hydrocarbon, such as propane, will occur by mercury- 
6(*P,)-photosensitization according to the sequence: 


Hg + hv(2537A.) + Hg 6(#P;) (21) 
Hg 6(?P:) + + H + Hg 6('Sp) (22) 


The free radicals formed in (22) will then undergo re- 
combination, disproportionation, and the other types of 
free radical reactions which have already been dis- 
cussed in this paper. From the standpoint of free 
radical chemistry, mercury-photosensitization has the 
advantage that many molecules can be decomposed 
thereby, which cannot be conveniently studied by di- 
rect photolysis. Thus the simple hydrocarbons do not 
absorb appreciably above 2000 A.; consequently 
photolysis could only be carried out in the vacuum 
ultraviolet region where the experimental difficulties 
are very great. These molecules may be conveniently 
decomposed by mercury-photosensitization in quartz 
reaction vessels at room temperature. 

In spite of the fact that mercury-photosensitization 
has been widely used in free radical kinetics very little 
is known about the primary process whereby the free 
radicals are generated. For the past five years the 
writer and his students have been carrying on a series 
of investigations designed to study the nature of the 
primary process in mercury-photosensitization. Some 
of the aspects of these studies pertinent to the present 
discussion will be briefly described here. 

Natural mercury consists of five even-mass isotopes 
of zero nuclear spin, Hg’, Hg™, Hg, and 
together with two odd-mass isotopes, and 
Hg”! with nuclear spins of and */2, respective'y. 
From spectroscopy we know that natural mercury 
should therefore have ten hyperfine components in 
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its resonance line at 2537 A.—one from each of the 
five even-mass isotopes, two from Hg’, and three 
from The radiation from may be ignored, 
since only traces of this isotope occur in natural mer- 
cury. The remaining nine hyperfine components are 
found to group themselves into five resolvable hyper- 
fine components, separated approximately in wave 
length by ten milliangstroms. The actual hyperfine 
structure in absorption is shown in Figure 1. 

If an electrodeless discharge source, containing pure 
Hg”? is operated by a high-frequency oscillator, the 
emission at 2537 A. will consist only of the single hyper- 
fine component, shown in absorption in the accom- 
panying figure. When the radiation from a well- 
cooled electrodeless discharge of this type is allowed to 
traverse natural mercury vapor, only the Hg”? isotope 
of the natural mercury will be excited to the 6(*P;) 
state. It is therefore possible by this means to carry 
out mercury-photosensitization initiated by a single 
isotope of mercury. 

The reactions which have been studied to dete in 
the author’s laboratory by 
tion all form a solid compound of mercury during the 
reaction. Thus if an alkyl halide presaturated with 
natural mercury vapor is allowed to traverse a zone 
irradiated with the electrodeless discharge, the follow- 
ing primary reactions could occur: 


Hg™6(2P,) + RX > Hg™*X +R (23) 
and/or 
Hg”*6(*P,) + RX Hg**?+R+ X (24) 


If reaction (23) occurs exclusively, the mercurous 
halide recovered from the reaction would consist of 
pure Hg”*X. If reaction (24) occurs exclusively, the 
mercury in the mercurous halide formed would show 
the natural isotopic composition. Under these con- 
ditions, the mercurous halide could form by the reac- 
tion of halogen atoms formed in (24) with the unex- 
cited natural mercury, Hg”, always present in the 
reaction zone: 


Hg" + X — Hg"X. (25) 


Reaction (25) would require a third body for stabiliza- 
tion of the HgX. By measuring the total yield of 
HgX and also the enrichment of the mercury in the 
HgX in Hg”?, the absolute rate of reaction (23) could 
be determined. Osborn, McDonald, and Gunning 
(14) have applied this technique to the methy] chloride 
reaction. The optical conditions for the study are 
extremely critical. It is necessary to know the shape 
of both the emission and absorption hyperfine lines, 
and the lamp must be operated under conditions where 
the emission line is sufficiently narrow that it does not 
overlap on the adjacent hyperfine components in 
absorption. Thus from Figure 1 it can be seen that a 
broad emission line could result in Hg”, Hg‘, Hg’, 
and Hg™! being excited simultaneously with Hg”. 
A separate study (15) wes therefore made of the correct 
condition for assuring exclusive absorption by the 
Hg? present in the natural mercury. 

In the methyl chloride reaction, it was found neces- 
sary to use high flow rates in order to avoid depletion 
of the natural mercury in the reaction cell in Hg”. 
Furthermore the substrate pressure had to be main- 
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-2 “6 


Absorption Coefficient for Doppler Hyperfine 
Natural Mercury at 2537 A. (T = 31°C.) 


tained below 100 mm. to avoid broadening of the hyper- 
fine structure in absorption due to the Lorentz effect. 
Under high flow rates and low pressures it was found 
that the calomel product of the reaction was highly en- 
riched in Hg”*. The percentage of Hg”? was de- 
termined by resonance radiation absorbtiometry (16). 
For methyl chloride it was found that the calomel prod- 
uct of the reaction contained 50% Hg?*?, compared to 
the natural abundance of 29.6%. The data show that 
at least part of the calomel product forms in the pri- 
mary collision between the photoexcited Hg? atom 
and the CH;Cl molecule. At the present time, the 
yields of calomel formed in the reaction are being 
determined. These data taken in conjunction with 
the enrichment data and the light intensity will enable 
primary quantum yields to be determined for the iso- 
topically-specific primary process. 

The technique described above is being extended to 
the study of a number of other substrates. Other 
alkyl halides are being studied with a view to deter- 
mining the effect of the nature of the side chain and the 
halogen atom upon the rate of the enriching process. 
Studies have also been initiated on the effect of chang- 
ing the isotopic species upon the reaction. To this 
end, the reaction of CH;Cl with Hg'6(*P,) is being 
investigated. Reference to Figure 1 will show that 
radiation from the Hg electrodeless discharge also 
results in the excitation of Hg”’. This isotope dif- 
fers from Hg**? and Hg'® in possessing a finite nuclear 
spin of */,. The percentage of Hg™' in the calomel 
formed from the reaction of methyl chloride under 
photosensitization excited by the Hg'® discharge is 
therefore being monitored to assess the importance 
of nuclear spin in the efficiency of the primary en- 
riching process. 

It was shown some time ago by McDonald and 
Gunning (17) that a mixture of oxygen and nitrogen, 
presaturated with mercury vapor and exposed to an 
Hg'® source, forms HgO which has a different isotopic 
composition than natural mercury. The Hg™*6(*P;)- 
and Hg'*6(*P,)-photosensitized reactions of a number 
of HgO-forming substrates are now under study in 
the writer’s laboratory, including, oxygen, nitrous 
oxide, and water vapor. 
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CONCLUSIONS 


In this review the writer has tried to show how the 
techniques of photochemistry have been applied in 
recent years to obtain quantitative information on the 
rates of specific elementary steps in the sequence of 
reactions leading to the formation of stable products. 
The free radical chemist is primarily interested in 
generating the free radicals under study at a con- 
trolled rate. The photochemist concerns himself more 
with the specific nature of the primary process which 
leads to the formation of the elementary particles. 
Both points of view will be necessary if we are to gain 
a deeper insight into the complex sequence of ele- 
mentary reactions occurring in the decomposition of 
molecules. 
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NEW TECHNIQUES IN PHOTOCHEMISTRY’ 


Puorocuemistry is like a jealous, proud mistress. 
She demands years of devotion and constant attention 
of her admirers before she reveals her secrets and 
bestows her favors. It usually takes years of hard, 
thorough work to elucidate the mechanism of a photo- 
chemical reaction. The main reason for the difficulty 
is that one has the problem of inferring the occurrence 
and reactions of a set of unstable intermediates— 
atoms, free radicals, or excited electronic states of 
molecules—from observations about over-all rates and 
final products. It is natural to want to make more 
direct observations of these elusive, unstable species. 
This discussion will be concerned with two methods 
that attempt to do this. 

One way is to shine a lot of light into a system in as 
short a time as possible and then very quickly to look 
at the unstable intermediates before they have a 
chance to disappear. This is flash photolysis. The 
other method is to endeavor to obtain the radicals in a 
frozen condition where they cannot react and disappear 
and to examine them by more leisurely methods. 


1 Presented as part of the Symposium on Recent Advances in 
Photochemistry, before the Division of Chemical Education at 
the 129th Meeting of the American Chemical Society, Dallas, 
April, 1956. 
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FLASH PHOTOLYSIS 


The electrical energy stored in a capacitance, C, 
charged to a high voltage, V, is 1/2CV*. If, by a suit- 
able triggering or switching arrangement, the capacitor 
is discharged through a gas discharge tube (flash lamp), 
the lamp behaves approximately as though it had a 
fixed resistance, R; the discharge decays exponentially 
with a time constant of RC. The average power dis- 
sipation is '/, V?/R. For example, with a 1 uf capacitor 
charged to 10,000 volts and a typical flash lamp, the 
discharge time will be 10 ysec., the total energy 50 
joules, and the power level 5 megawatts. The main 
point is that it is sometimes possible to produce ai 
observable concentration of an unstable species by « 
single flash. The observation may be made by taking « 
flash absorption spectrum of the system with a sec- 
ond flash lamp at a predetermined time after the photol- 
ysis flash has been fired. A series of such experiments 
with a variable time delay between the two flashes 
provides information about the kinetics of formation 
and disappearance of unstable species. In suitable 
cases, a photoelectric observation of the change i) 
transmission with time of a particular wave lengt): 
band from a constant light source may be used to follow 
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the formation and disappearance of a species after a 
flash. . 

An interesting example where both spectroscopic 
and kinetic information has been obtained will be 
considered in detail. Porter and Windsor (1) have 
studied the unstable electronic state of anthracene ob- 
tained by irradiation. Figure 1 shows the absorption 
spectrum of anthracene before and at specified times 
-after flash irradiation. The energy level diagram is 
shown in Figure 2. The bands labeled first and second 
singlet are characteristic of the normal molecule. They 
correspond to transitions from the ground vibrational 
state of the ground electronic state, So, to the several 
vibrational states of the upper singlet electronic states 
S, and S:. Immediately after irradiation, the in- 
tensities of these bands have decreased and there are 
new absorption bands labeled triplet. Some of the 
excited anthracene molecules go very rapidly by a 
radiationless transition from state S, to the triplet 
state 7, which has its own absorption spectrum. The 
triplet state absorption spectrum disappears in about 
300 usec. (half-life, 58 usec.). The molecules are going 
from T, to So by a nonradiative, internal rearrange- 
ment. It should also be mentioned that the well-known 
fluorescence of anthracene is due to the radiative return 
of molecules from the ground vibrational state of S, to 
the several vibration states of S); this is an alternative 
path to decay via 7; and takes place in about 10-* 
sec. 

The rate of decay from 7; to Sp is found to be in- 
versely proportional to the square root of the viscosity. 
No satisfactory explanation of this interesting empirical 
observation has been obtained. 

The triplet states of dyes are of importance for the 
photo-oxidation of dyes and in their photosensitization 
reactions—for example, in the important practical 
cases of photography and photosynthesis. Porter and 
Windsor have studied a number of polynuclear aro- 
matic hydrocarbons and obtained the spectra and decay 
constants of their triplet states. 

The flash lamp method has been applied to the study 
of a number of problems—for example, the rate of 
recombination of halogen atoms (2, 3, 4, 5); the ab- 
sorption spectra and reactions of the radicals NH, (6) 
and ClO (7); and of the excited states of chlorophyll 
(8, 9). A notable recent accomplishment is the ob- 
taining of an absorption spectrum due to the CH; 
radical (10). 

The general philosophy of the flash technique is to 
expose a system to an intense pulse of energy and then 
to observe the unstable intermediates very quickly, 
before they disappear. There are, naturally, problems 
for which this technique does not work—the radicals 
of interest disappear too rapidly or they do not have a 
characteristic visible or ultraviolet absorption spec- 
trum by which they may be identified. Many ob- 
servational techniques are not applicable to short- 
lived systems. For example, the sensitivity and re- 
sponse time of infrared detectors is poorer than that 
of vacuum photocells and photographic plates—and 
it has not yet been possible to observe the transient 
effects of photolysis by infrared spectroscopy. Sim- 
ilarly, the new techniques of electron spin resonance 
and nuclear spin resonance, in their present forms, 
require long observation periods. 
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Figure 1. Absorption Spectrum of Anthracene in Hexane Before and 
After Flash Irradiation 


FROZEN FREE RADICALS 


An alternative approach to the general problem is to 
endeavor to prepare radicals in a condition where they 
will have a long lifetime. One way to do this would 
be to have a gaseous system at a very low pressure, as 
for example in the upper atmosphere. More will be 
said about this later. Another way is to prepare the 
unstable molecules in solution in a rigid unreactive 
medium, preferably at low temperatures, where they 
cannot diffuse together and react. Various mixtures 
of organic solvents form rigid clear glasses when cooled 
to liquid nitrogen temperature. One of the most 
famous concoctions is ‘EPA’: an approximately 5 to 
5 to 2 mixture of ether, isopentane, and alcohol. Rigid 
hydrocarbon glasses can be obtained from various 
mixtures of isopentane, 3-methy! pentane, and methyi 
cyclohexane. 

This general approach, often colloquially called that 
of “frozen free radicals,” has had a long history. It 
was introduced by G. N. Lewis and co-workers in the 
early 1940’s. They discovered that irradiation of 
fluorescein dissolved in a boric acid glass produced 
fluorescein in a triplet state, from which it decayed 
to the ground state by a slow radiative process (phos- 
phorescence) (11). The absorption spectrum of the 
triplet state was measured. Note that in the experi- 
ments of Windsor and Porter in fluid solvents the tran- 
sition from triplet state to singlet state was a non- 
radiative process. The radicals and ions, (CsHs)2N, 
(C.Hs)2N (CeHs)3C, (CeHs);C*, were obtained by 
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Absorption by Molecules in the Ground State and in the Lowest Triplet 
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irradiation of suitable substrates such as (C.Hs)2- 
NN(CeHs5)2, (CeHs)2NC(CeHs)s, (CeHs)sCC(CeHs)3 in 
solution in EPA at 90°K. (12). 

A renewed interest in the preparation of frozen free 
radicals was perhaps instigated by the experiments of 
Rice and Freamo (13). These investigators observed 
that a blue deposit formed when a stream of hydrazoic 
acid, HN;, passed at a high velocity and a low pressure 
through a quartz tube at 1000°C. and then impinged 
on a liquid nitrogen cooled cold finger. The material 
was qualitatively paramagnetic, and on warming to 
—125°C., there was a sharp transition to white am- 
monium azide, NH,N;. The hypothesis was advanced 
that the blue material was NH. In a further study 
in another laboratory an infrared spectroscopic ex- 
amination of the blue solid showed the presence of 
HN;, NH«N;, NH;, and of two previously unknown 
substances, perhaps N;H2 and (NH), The presence 
of NH itself was inferred but not proved. (14). No 
positive proof that the blue film contains NH or that 
this species is responsible for the color has yet been 
made. This illustrates a general problem in the field. 
It is often possible to prepare a system that obviously 
contains a trapped unstable species, but it is frequently 
very difficult to identify the substance involved. 

Successful experiments on the photodissociation of 
various substates dissolved in hydrocarbon glasses 
have been performed by Norman and Porter (15). CS 
was obtained from CS:, and the benzyl radical resulted 
from irradiation of toluene and other benzyl deriva- 
tives. In both cases, the unstable trapped products 
were identified by their ultraviolet spectra, which had 
previously been obtained in vapor phase, flash photol- 
ysis experiments. Many other interesting, but less 
conclusive, experiments were performed by these 
workers. 

In experiments in our laboratories (16), it was 
shown that diphenyl mercury and acetophenone are 
not decomposed by ultraviolet irradiation when they 
are in solution in a rigid hydrocarbon glass at 77°K.., 
but they decompose readily in a fluid solvent at room 
temperature. Evidently the bulky free radical frag- 
ments resulting from photodissociation cannot escape 
from their solvent cage in the rigid solvents and there- 
fore simply recombine. On irradiation of dilute 
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frozen solutions of its 
absorption band at 273 my disappears and no new 
absorption bands are formed. On remelting the glass, 
about one third of the tetramethyl tetrazene reforms. 
Evidently, about two thirds of the molecules photo- 
decompose in an _ irreversible way—perhaps into 
(CH3)2N radicals and Ne: molecules, perhaps into 
(CH;)4N2 molecules and molecules. One third o/ 
the molecules are reversibly decomposed—possibly 
the molecule splits symmetrically into (CH;)2N2 rad- 
icals (or molecules?), perhaps into a (CH3;)2N; fragmen' 
and a (CHs;)2N fragment. No way of settling this 
interesting question has yet been developed. 

Infrared and visible spectroscopy are not the only 
methods for studying free radicals. The method of 
electron spin resonance is particularly applicable for 
small concentrations of substances containing unpaired 
electrons. It has been discovered that gamma irra- 
diation of H.SO,, HClO,, or H;PO, at 77°K. produces 
paramagnetic species (17). From the hyperfine struc- 
ture observed, it is possible to say that hydrogen 
atoms are present and that several other free radicals, 
which cannot be specifically identified, are also present. 
There is considerable activity now in studying by 
electron spin resonance the odd electrons present in 
plastics which have been exposed to high energy ioniz- 
ing radiations (18). 

A preparation which is believed to contain nitrogen 
atoms and which is luminescent in the same way as is 
active nitrogen has been obtained by passing nitrogen 
gas through an electric discharge and then onto a 
liquid helium cooled surface (19). 

The above experiments provide a suitable occasion 
to mention that the subject of frozen free radicals 
may have practical as well as theoretical significance. 
About once every year, I meet a starry-eyed visionary 
rocket engineer (a different one every year!) who wants 
to know how to make a frozen preparation of pure 
hydrogen atoms. The reason for his interest is ex- 
tremely rational. Asa rocket fuel, based on the energy 
released by the reaction, H +H — Hz + 104,000 cal., a 
preparation of hydrogen atoms would be enormously 
more effective than conventional chemical fuels. With 
a conventional chemical fuel in an ideal rocket motor, 
the required ratio of mass of fuel to mass of rocket to 
achieve the escape velocity 
from the earth is about 200; 
with a fuel of pure hydrogen 
atoms, it is only 1.3. The 
potential energy curve for the 
recombination of hydrogen 
atoms is known accurately 
from theory; there is no acti- 
vation energy hump for this 
reaction and it is probably im- 
possible to make a preparation 
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of pure H atoms. However, 
we do not know what con- 
centration of hydrogen atoms 
or of some other free radical 
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Figure 3. Long Path Infrared Absorption Cell 


in solution in a less active 
rigid matrix at low tempera- 
tures can be obtained; it is 
not inconceivable that when 
man does first escape from ‘he 
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: ce FREE RADICALS RESEARCH PROGRAM OF NATIONAL BUREAU OF STANDARDS 
or the 
drogen A THREE-YEAR program of basic research on free radicals has been undertaken by the National 
irately Bureau of Standards. The object of the program will be to increase fundamental knowledge of the 
0 acti- formation, properties, and storage of these highly reactive molecular fragments. Research will 
a consist of many separate projects to be carried out in various laboratories of the Bureau, and 
oF this much of the investigative work will be done by scientists on loan from industrial laboratories. 
bly im- _ Over-all direction and coordination will be centered in a Free Radicals Research Section recently 


established for this purpose. 

Within the past five years numerous methods have been developed for capturing and storing 
free radicais, mainly at low temperatures. Recently, by freezing the products of an electric dis- 
charge at a few degrees above absolute zero, scientists at the Bureau were able to store some types 
of free radicals in highly excited states, making it possible to study and analyze them by spectro- 
scopic methods. (See NBS Tech. News Bul. 40, 112 (August, 1956.)) Free radical storage tech- 
active niques now promise to provide an important tool for the study of atomic and molecular physics 

and for research in basic chemistry. 
mipera- Although the free radicals research program is still largely in the planning stage, a number of 
it is projects are already under way. These include spectroscopic investigations of condensates from 
electric discharges; X-ray and electron-diffraction studies of the structure of solids containing 
free radicals; methods of preparing pure free radicals by photolysis and gamma irradiation; and 
theoretical calculations of recombination rates, heats of reaction, and other properties. 
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NEW TECHNIQUES OF PHOTOCHEMICAL 


SYNTHESIS' 


In recent years accelerated activity in the field of 
free radical reaction mechanisms has led to a number of 
applications, not the least of which is photochemical 
synthesis. Two areas in particular include techniques 
applicable to whole classes of compounds. These cate- 
gories, addition of free radicals to double bonds, and 
preparation of specifically deuterated compounds, will 
be reviewed separately. 


ADDITION OF FREE RADICALS TO DOUBLE BONDS 


The addition of a free radical or atom to an olefin is 
directed in all known cases save one (1,1 difluoro-1-pro- 
. pene) upon the terminal olefinic carbon atom. For ex- 
ample, when CF;I is photolyzed in the presence of pro- 
pylene, 


1 Presented as part of the Symposium on Recent Advances in 
Photochemistry before the Division of Chemical Education at the 
129th Meeting of the American Chemical Society, Dallas, April, 
1956. 
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When the polarization of the double bond is reversed as 
in CF;CH=CH; the attack is still on the terminal car- 
bon, and rks cca is produced. The polariza- 


I 

tion of the double bond cannot therefore be the deter- 
mining factor in the orientation of free radical addition 
(1). The most generally plausible theory to explain 
the orientation is that advanced by Hazeldine (1) which 
states that when the olefin is attacked, that free radical 
will be formed which is thermodynamically more stable. 
Therefore, when propylene is attacked by CF;, one 
knows the point of attack if one knows the relative 
stabilities of 


CH;—CH—CH; and CH; —-CH—CH:—CF; 


PF; 
A B 


Unfortunately, little data exist on the free energy of 
formation of the radicals involved in reactions of this 
type. The validity of Hazeldine’s theory can only be 
checked by an independent measure of the stability, or 
free energy of formation of the free radicals in question. 


TABLE 1 
Photolysis of CF;I in the Presence of Olefinic Compounds 


Low temp. 
product 


CF;CH.—CH.I 


CF;—CH.—CHICl 


CF;CH.:—CHIF 
CF,;CH;—CHICN 


CH:—CH—CF; CF;CH:—CHICF; 


CF;CH,CF,I 
CF;CF.CF,1I 
CF;CF;CFCII 


CF.I—CH—CH, 
F; 


CF,—CH—CH,; 


CH.—C—CF; 
F; F; 


CH,.—C—CF.Cl 
F; 


CF;—CH:—Cl—CF; 


CF;CH,—CI—CF.Cl 


ICH.,—CHCICF; 
ICH.—CHFCF; 
ICH.—CH(CN)CF; 
ICH.—CH—CH; 


br, 
H 
ICH,—CCF, 


F; 
ICH,—CF:CF; 


ICF.—CFCICF; 
ICF,—CFCF; 


CF; 
CF;CF,—CHICH; 


ICH, 
F; 
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TABLE 2 


Photolysis of Various Compounds in the Presence of Unsaturates 


Unsaturate 


Product 


CH;—SH CH.—CH—OAc 
CH;—SH CH.—CH—CH,0H 
CC\,I CH.—CH—CF; 
CC\,I CH=C—CF; 


| 


CC1Br < | 
CCi;Br CH=C—C,H.; 
CF;I CH=C—CH; 
HBr CH.—CH—CF; 
CF;:NO CF;NO 

C=O CH.—CHC,Hi; 


C;H;CHO 
CH,CHO 
C.H,;CHO 


CH;SCH.—CH.Cl 

CH,S—CH:CH.OAc (10) 
CH,S—CH,—CH,.—CH.OH (10) 
CCl,—CH.—CHICF; (3) 
(33) 


oT 
Br 
(13) 
CF,CH—CICH, (14) 
BrCH.—CH.CF; (4) 
CF;—N(NO)O—CF; (15) 


O 
(17) 
Clie (17) 


Also, the theory implies that attack on the unfavorable 
position will become more important as temperature is 
raised. It is surprising that virtually no work has 
been done over a temperature range. If this predic- 
tion of the temperature effect is borne out, new syn- 
thetic possibilities arise. In a recent series of experi- 
ments (2) it was found that CO; CH=CH; is produced in 
important amounts when CD; radicalsattack butene-1 at 
375°. Large amounts of ethane and ethylene accompany 
itsformation. The most reasonable mechanism for this 
formation of propylene-d; is the addition of CD; to the 
nonterminal carbon atom of the olefin. 


CD; + CH.—CH—CH.CH; — 


Ds 


The ethyl radical appears mostly as ethane and ethyl- 
ene. Butene-1-d; is also produced in large amounts by 
the terminal addition. 


CD; + CH;—CH—CH:—CH; 
CD;—CH:—CH—CH,—CH; — CD;—CH:—CH=—CH: + 


It was also observed that butene-2, a nonterminal olefin, 
adds CD; radicals to produce isopentane-d; among other 
products. A very small amount of neopentane-d; was 
formed in the attack of CD; radicals upon isobutene. It 
becomes apparent that the idea of stereospecific termi- 
nal addition of free radicals to olefins has become popu- 
lar principally because the classical experiments of 
Kharasch and of Hazeldine were done almost entirely at 
room temperature. Extensions of their work to ele- 
vated temperature should disclose the products to be 
expected from the inverse addition. 

A variety of compounds synthesized by photolysis of 
CF;I in the presence of olefins at room temperature, as 
well as the predicted high temperature products are 
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presented in Table 1, while other photochemical synthe- 
ses involving free radical attack on unsaturated systems 
are given in Table 2. Examination of these tables will 
suggest other syntheses. 


PREPARATION OF SPECIFICALLY DEUTERATED COM- 
POUNDS 


In the interest of investigating gas-phase reaction 
mechanisms, it is frequently desirable to have at one’s 
disposal some rather special isotopically marked or- 
ganic compounds. The more common ones, such as 
CD,, CD;COCD;, are available commercially, but the 
cost is high and the selection very limited. Such com- 
pounds as CH;CD.CD,CH; and CH,=CD, have been 
prepared in very high purity and in workable quantities 
by photochemical techniques. The starting point for 
the synthesis was diethyl ketone-d,, which was prepared 
from the light ketone and D,O. The resulting ketone 
was deuterated exclusively in the a-positions. Photol- 
ysis of the ketone produced ethy] radicals in the primary 
step. 


CH;CD.COCD.CH; — 2CH;CD, + CO (5) 
2CH;CD, CH;CD.CD.CH; (6) 
CH;CD, + CH;CD, CH;CD.H + CH;=CD, (7) 


CH;CD, + CH;CD,COCD.CH; — 
CH;CD; + CH;CDCOCD.CH; (8) 


The desired products CH;CD,CD.CH; and CH.—CD, 
were mixed with CO, ethane, ketone, and other prod- 
ucts of the ketonyl decomposition. The technique 
that made possible the separations and purifications of 
less than 100 ml. of this gaseous mixture was that of 
vapor-phase chromatography. The latter technique 
as a purification and separation method for smal] quan- 
tities of rare compounds is unequaled. The elegance of 
the method can be demonstrated by the fact that mass 
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Radical source Reference 
Br 
4 
un) 
CH.—CH—CH.—CH; — CH.—CH—CD; + C:H; (3) 
ATION ee = 


spectrometer analysis showed the butane-d, to be 100% measured. For this purpose perhaps a hundred micro- 
pure, and the ethylene-d., which had to be separated grams of pure material is sufficient. 

from ethane, to be 99.5% pure with 0.5% ethane. Table A small amount of 1-propylene-1-d2, 2-d; was prepare 
3 illustrates the isotopic purity of the ethylene-d,. The by photolysis of acetone in the presence of butane-d.. 
purity of the butane-d, preparation has already been The reactions producing propylene are: 


published (18). 
It is sometimes desirable to prepare unusual deuter- + (0) 


ated compounds in order that their mass spectrum be CH,CDCD.CH; — CH; + CD,—CD—CH; (10) 


In order to prevent isotopic mixing the reaction was 
TABLE 3 stopped after only about 1% decomposition of the bu- 

Mass Spectrum* of CH:—CD; tane. The problem was to separate in high purity a 
% small amount of propylene-d; in the presence of mor» 
than a hundred fold excess of butane. This was done 
quickly and very efficiently by means of vapor-phas» 
chromatography. The fact that no propylene-d, or bu- 
tane are present can be seen in Table 4. Extension of 
the technique for preparing highly purified isotopic spe- 
cies of various types is suggested by the foregoing. For 
example, synthesis of CH;CD.CH; can be accomplished 
by photolysis of mixtures of acetone and a,a’-diethy| 


* Spectrum measure on a consolidated Engineering Model 21- ketone-d,. , 


103 Mass Spectrometer. Ionizing current, 10.5 wamp.; magnet 
current, 0.5 amp.; ion source, temp. = 250°C. LITERATURE CITED 
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FACTS, FIGURES, AND ADVICE ON CAREERS 


One of the most attractive and useful of the many booklets designed to inform students about 
careers in science is ‘Explore a World of Ceramics,” prepared under the direction of the Ceramic 
Education Committee of the American Ceramic Society. Scarcely a question the inquisitive 
student might ask is left unanswered in this 16-page booklet—even to the kind of courses he must 
take and at what colleges he will find them. It is available from the society, 4055 N. High Street, 
Columbus 14, Ohio. 

“Vocational and Professional Monographs” (Bellman Publishing Co., Cambridge 38, Mass.; 
$1.00 per copy) include both scientific and nonscientific professions. Among tie scientific and 
engineering monographs are “The Dairy Industry,” by H. F. Judkins; “Metallurgy,” by Alvin 8. 
Cohan; “Personnel Administration,” by Clark C. Sorenson; “Soap and Detergent Industry,” by 
Oliver M. Gale. These 18 to 26-page publications have been written by authorities in the various 
fields. Each deals with personal qualifications required, scholastic training needed, employment 
opportunities, remuneration, and chances for advancement for both professional and subprofes- 
sional personnel. 
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@ .#_‘ DETERMINATION OF THE EQUIVALENT WEIGHT 


OF METALS' 


Ow rue conviction that a proper understanding of the 
fundamentals of chemistry requires an appreciation of 
the quantitative nature of the subject, we are con- 
vinced that the laboratory work in a general chemistry 
course should include a number of quantitative ex- 
periments, which, incidentally, also greatly increase 
student interest. One such experiment deals with the 
determination of the equivalent weight of a metal. 
This is the subject of the project here reported. 

Nearly every laboratory manual for general college 
chemistry contains one or more experiments on this 
subject. Many of these, either because of the way the 
directions are written or because of difficulties in 
manipulation, give results which can hardly be called 
quantitative. Therefore we set out to investigate 
the possibility of devising a simple but accurate method 
for determining the equivalent weight of a metal, 
suitable for use in college chemistry, and preferably a 
method: applicable to more than one metal so that un- 
knowns could be distributed to the students. 

The periodical literature reveals only a few studies 
on the determination of equivalent weight as a labo- 
ratory experiment. Most of them employed the meas- 
urement of the volume of hydrogen evolved by reac- 
tion of a given weight of metal with excess acid. Reef 
(1) applied this method to magnesium but gave no 
data on the accuracy to be expected. Shah (2) com- 
pared the results obtained by measuring the volume of 
water displaced by hydrogen with those obtained by 
measuring the volume of hydrogen collected over 
water. Lincoln and Klug (3) improved the eudi- 
ometer method to obtain results with zinc and mag- 
nesium within 0.5% error but used equipment not 
generally available to students in general chemistry. 
Neser (4) also measured the volume of hydrogen 
evolved but gave no experimental data. 

Ellis and Linner (5) report a gravimetric method in 
which a gram of zinc or cadmium reacted with acid, 
after which the solution was evaporated to dryness. 
They presented no data to indicate the accuracy 
obtainable. Murphy (6) reduced copper oxide with 
ammonia and obtained the equivalent weight of copper 
with an average error of 3%. : 

The method of Ellis and Linner was chosen for 


Adapted from a paper presented before the Division of Chem- 
ical Education at the 130th Meeting of the American Chemical 
Society, Atlantic City, September, 1956. 

* This paper reports the research done by Messrs. DeVries 
_ Poutsma as part of their freshman year’s work at Calvin 

llege. 
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Figure 1. Apparatus for Drying Metal Chlorides 


further study and improvement. Zinc was used in 
working out the details of the method, after which 
other metals were tried by the approved procedure. 
The following procedure was developed and tested in 
the general chemistry laboratory course. 


LABORATORY PROCEDURE 


Heat gently a clean, 125-ml. Erlenmeyer flask in a Bunsen 
flame to remove traces of moisture, set it upon a paper towel on 
the desk, stopper it lightly with a clean cork, and allow it to cool 
to room temperature. Weigh the corked flask accurately on a 
balance to the nearest tenth of a milligram. Add to the flask 
0.3 to 0.5 g. of metal (whose equivalent weight is to be deter- 
mined) and again weigh accurately. Add about 3 ml. of 6 N 
HCl, and cover the flask at once with a small watch glass. Sus- 
pend the flask, as in Figure 1, from a ring stand by means of a 
clamp without rubber tips. If the metal is not completely dis- 
solved in 10 minutes, warm the flask slightly. If some metal still 
remains, carefully add about 0.5 ml. (10 drops) of concentrated 
HNO;. After the metal has completely reacted, rinse the con- 
densed vapors on the underside of the watch glass into the flask 
with a few drops of distilled water from a medicine dropper. 
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Now heat gently with a small flame under the gauze to evapo- 
rate all liquid. During this time the liquid should not boil but 
should merely be heated enough to allow a steady stream of 
vapors to leave the flask. When the contents of the flask are 
dry, and not before, suspend a 110°C. thermometer in the flask 
as shown in Figure 1, such that the thermometer bulb is midway 
between top and bottom of the flask. Continue heating with a 
small flame so that the thermometer records a temperature of 
100°-110°C. for one-half hour. Stop heating, stopper the flask 
with the cork, allow it to cool to room temperature, remove the 
stopper momentarily and replace it, and weigh again accurately. 

Assemble the data obtained in tabular form, and calculate the 
equivalent weight of the metal as that weight which combines 
with 35.46 g. chlorine. 


VARIABLES STUDIED 


A brief discussion follows of the laboratory work 
performed in developing the foregoing procedure. 

Metal kind and quality. Complete solution of the 
metal in the acid is an obvious requirement. Even 
some samples of c.p. zine failed to meet this test. 
Only the best grade of metal available should be used. 
Of the various metals tried only zinc, cadmium, and 
manganese gave good results. The others, magnesium, 
tin, iron, and aluminum, gave residues not completely 
soluble in water but soluble in acid. . These residues 
are probably oxychlorides and/or oxides, formed 
during the heating period. 

Acid quality and quantity. The acid used was 
technical grade and was tested to make sure that it 
contained no non-volatile material. Except for some 
of the larger samples of aluminum and magnesium, 
3 ml. of 6 N HCl was adequate for complete reaction. 
Where necessary, more acid could be used. Only in 
the case of cadmium was it necessary to use a mixture 
of HCl and HNO; to dissolve the metal. 

Mechanical losses. The method of Ellis and Linner 
obviously suffered from losses of salt by spattering 
during evaporation. Therefore, from the outset it 
was decided to use a small flask with a narrow mouth. 
It was also found necessary to cover this flask with a 
watch glass during solution of the metal. Failure to 
observe this precaution led to errors of 2% and over. 
The small droplets which collect on the underside 
of the watch glass were found by actual test to con- 
tain metal chloride. 

Drying time and temperature. The minimum drying 
temperature was first determined by using a ther- 
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Figure 2. Determination of Equivalent Weight of Zinc. 
Distribution of Student Results 


mostatically controlled electric oven. It was found 
that at least 150°C. was required to give good results 
in a reasonable time, say one hour. Then, to elim- 
inate the oven, it was found that equally good results 
were obtained by heating with a flame for one-half 
hour at 150°C. as registered on a thermometer sus- 
pended to within '/, inch of the bottom of the flask, 
or at 110°C. if the thermometer is in the center of the 
flask as in Figure 1. These experiments then reduced 
the required conditions to those which can be obtained 
in any laboratory. 

Weighing the chloride. In the early experiments 
the chloride was cooled in a desiccator, but later it 
was found that, if the flask is stoppered, it may he 
cooled on the desk as well. Accurate weighing of the 
chloride also requires the flask to be stoppered, es- 
pecially on humid days. 

Nature of the residue. As pointed out above, the 
chloride should be completely water soluble. This 
was found to be true only when zinc, cadmium, or 
manganese were used. To check the composition of 
the residue, and for the sake of experience, some of 
the residues were analyzed for chlorine content by the 
Volhard titration. These titration results, together 
with the insolubility of some metal residues, indicated 
that the chlorides of the metals, iron, magnesium, 
tin, and aluminum, tend to lose chlorine during the 
heating to form oxychlorides and oxides. 


EXPERIMENTAL RESULTS 


Using zinc in a series of five experiments by the 
method outlined above, the students who worked on 
this project obtained equivalent weight values ranging 
from 32.77 to 32.96, averaging 32.83, the average 
error being 0.43%. 

The procedure was then carried out by 108 students 
in college chemistry classes. Zinc was used, but its 
identity was withheld from the students. The result 
was an average equivalent weight of 32.77, or an 
average error of 0.25%. The distribution of these 
results is shown graphically in Figure 2. 

With cadmium, a series of five experiments resulted 
in equivalent weight values ranging from 55.73 to 
56.17, averaging 55.95, the average error being 0.44%. 

Using manganese in a similar series of five experi- 
ments, the range was 27.33 to 27.57, the average 27.47, 
or 0% error. 


SUMMARY 


An accurate but simple laboratory experiment for 
general college chemistry on the determination of the 
equivalent weight of a metal has been developed by 
students in their freshman year at college. The 
method gives very good results for the metals, zinc, 
cadmium, and manganese, and should constitute a 
valuable addition to the college laboratory program. 
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T ue extraction of mercury from HgS is carried out 
commercially by either (a) furnacing unconcentrated 
ore in the presence of oxygen or (6) retorting of high- 
grade ore or concentrates. Many textbooks* do not 
mention the retorting procedure, probably because not 
as much mercury is produced in this fashion as by 
furnacing. However, the application of this procedure 
is increasing because of certain advantages. 

In furnacing, mercury ores containing about 0.5% 
mercury with over 99% valueless material have to be 
heated to about 650°C. with the production of large 
quantities of gas having a low concentration of mercury. 
This process requires a relatively extensive condensing 
system to recover the mercury. 

On the other hand, if retorting is practiced, a much 
smaller quantity of mercury-rich concentrate is heated 
with the production of a gas very rich in mercury, 
whose condensation can be carried out very simply 
and inexpensively. For example, one plant* reports 
treating by flotation an ore containing 0.67 mercury 
to produce a concentrate assaying 46.21% mercury 
with a metal recovery of 95.4%. The weight of con- 
centrate made from 100 tons of ore was 1.39 tons, thus 
requiring the heating in retorts of less than 1'/2% of the 
original ore. 

The retorting procedure depends upon the fact that 
HgS sublimes at relatively low temperatures with 


decomposition into mercury and sulfur vapor. The 
decomposition can be represented by: 
HgS(s) = Hg(g) + 8.(9) (1) 


with 


Ky = Pug VP, 


If no other gas is present, the total pressure will be equal 
to the sum of the pressures of the mercury and sulfvr. 
At industrial retorting temperatures of about 620°C. 
the total pressure exerted by reaction (1) is greater 


' Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, Department of 
Chemistry, University of Southern California, Los Angeles 7, 
California. Contributors of discussions in a form suitable for 
publication directly will be acknowledged as guest authors. 

* Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the source of the errors discussed will not be cited. The error 
must occur in at least two independent standard books to be 
presented. 

* Denver Equipment Company, Bulletin No. M4-B24 (1942). 
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than one atmosphere.‘ This would be sufficient to 
maintain a continuous distillation if the retort were 
vented at a pressure of one atmosphere. However, the 
rate of the back reaction is very great, and condensa- 
tion of the distilled vapors results in the re-formation of 
HgS. In order to prevent this, lime is added to the 
retort where it combines and forms solid compounds 
with the sulfur vapor as it is being generated. This 
reduces the partial pressure of sulfur vapor so that in 
order to satisfy the equilibrium relationship of equation 
(1) the mercury partial pressure can increase markedly. 
The total pressure can greatly exceed one atmosphere, 
thus facilitating continuous distillation. Condensa- 
tion of the gas stream results in the formation of mer- 
cury with only small quantities of HgS. 

The reaction with lime is frequently written in 
textbooks: 


4HgS + 4CaO = 4Hg + 3CaS + CaSO, (2) 


There seems to be no evidence that the reaction 
proceeds according to this equation. 

It is highly probable, in view of the ease of subli- 
mation and decomposition of HgS, that equation (2) 
does not represent the mechanism by which the re- 
duction is achieved. Simpler reactions with greater 
probability of occurrence can be postulated in which 
solid-gas reactants are involved. However, it can be 
shown that if the stable solid products resulting from 


‘ Ke.iey, K. K., U. S. Bureau of Mines Bulletin No. 406, 50 
(1937). 


a 
\ 
a0 
Ca CoS s 
The Calcium-Oxygen-Sulfur Diagram 
SATION 135 


the reaction or series of reactions are CaS and CaSOQ,, 
the ratio of 3 moles of CaS to one mole of CaSO, will 
result as long as CaO is also present in the retort. 
This can be seen by examining the figure—the ternary 
phase diagram for the system, calcium-oxygen-sulfur. 
We would be concerned here specifically with the sub- 
ternary CaO-CaS-CaSQ,. 

If we consider reaction (1) as taking place in a 
retort containing CaO, the Hg (g) can be viewed as an 
inert diluent, and the reaction between the sulfur vapor 
and CaO will result in solid products represented by 
triangle acd. The over-all composition of the solids 
in the system changes along db in the direction of the 
arrows, as retorting progresses. It is evident that 


at any point along db such as y the ratio of CaS to 
CaSO, will be constant. Line db intersects ac at the 
point where the total solid contains 33'/; mole %, 
each of calcium, sulfur, and oxygen, or 3 CaS to | 
CaSOx. 

In order to test the validity of the foregoing, several 
sample mixtures of CaO and S were evacuated in glass 
tubes and heated for 3 days at 510°C. These were 
examined with X-rays and the diffraction patterns 
compared with those produced by known mixtures cf 
CaO with 3 moles of CaS to 1 of CaSO,. The patterns 
shown on the films were identical. One can conclude 
from this that reaction (2) accurately represents the 
stoichiometry in the retorting of cinnabar. 


Ir ts difficult for students to understand and appreci- 
ate the spatial arrangement of the alpha helix form of 
polypeptides from two-dimensional descriptions. An 
easily constructed model, which can be made by the 
student during class time, has been found so useful that 
the topic can be introduced in elementary courses. 

A sheet of ordinary paper, 8'/2 X 11 in., is folded as 
in Figure 1. A second fold, perpendicular to the first, 
is made as indicated by the dotted line. The sheet is 
then folded in half twice more with folds perpendicular 
to the first. The fourth fold should make the sheet 
look like Figure 2. With scissors, cut from A to B 
and from C to B. The smaller part of the sheet, when 
unfolded, should give a connected string of lozenge- 
shaped pieces if the cuts begun from A and C were 
started about '/:. in. up from the bottom. 

These lozenges represent the planes of the amide 
groups and are labeled as indicated in Figure 3. The 
whole thing represents an octopeptide of glycine since 


MODEL OF THE ALPHA HELIX CONFIGURATION 
IN POLYPEPTIDES 


THOMAS A. WHALEN 
Siena College, Loudonville, New York 


no side chains are present. Any side residue would 
be attached at the carbon atom that is indicated at the 
intersection between two planes. If the chain is caused 
to coil on itself, as shown in Figure 3, it almost natu- 
rally falls into position with the —H - - - of the first plane 
adjacent to the —O- -- of the fourth plane, the —H--:- 
of the second plane adjacent to the —O--- of the fifth 
plane and so on. Of course, these are the hydrogen 
bonds which give the helix its structural stability. 

The use of the model will vary depending upon the 
course in which it is used, but it can be introduced 
after only a few preliminaries on the peptide bond in 
formation of polypeptides, the rigidity and coplanarity 
of the amide group, etc. It can be used to show the 
increase in surface area that accompanies the dena- 
turation of surface spread protein and other aspects 
of protein reactions. With the addition of real or 


imaginary structures to represent side-chain residues, 
it goes a long way in quickly imparting the present-day 
concept of protein structure. 


Figure 3 
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THE INCLUSION OF TUNGSTEN AND THALLIUM 


IN THE ELEMENTARY SCHEME OF QUALITA- 


TIVE ANALYSIS 


More than fifty years ago, von Meyer (1) wrote: 
“The procedure in qualitative analysis has undergone 
no material alterations since Fresenius first published 
his book.” Despite the greatly expanded interest in 
the more uncommon metals since that time, this ob- 
servation would be equally appropriate today. Sev- 
eral schemes have been proposed for including other 
cations (2, 3, 4, 5, 6), but the bulk of the current 
textbooks for qualitative analysis still include only 
the classical list of metallic elements. 

It is the purpose of this paper to present a scheme of 
analysis for Group I which includes tungsten and 
thallium. The method used is essentially a modifi- 
cation of older, more complicated methods (7) which 
are not entirely suited for the beginning course. Tung- 
sten is separated from silver as the phosphotungstic 
acid complex and detected by precipitation with a 
dyestuff. Thallium is separated as the chromate and 
detected as thallous iodide. 


PROCEDURE 


The following reagents are required: 

TINO; solution. 26.1 g. TINO;/liter (20 mg. Tl/ml.). 

NaeWO, solution. 17.9 g. NazWO,-2H,O/liter (10 mg. W/ 
ml.). 

Dyestuff solution. 0.2 g. Basic Brown dye (Color Index 332) 
in 100 ml. water. This dye is obtainable from the Holland Ani- 
line Dye Company, Holland, Michigan. 

Standard stock solutions of each of the other Group I cations 
containing approximately 10 mg./ml. 

For analysis on a semimicro scale, a sample of the Group I 
mixture containing approximately 20 mg. of thallium and 10 
mg. of each of the other metals is used. 

The solution containing the Group I ions is treated with 6 N 
HCl and tested for completeness of precipitation. This mixture 
is then heated just below the boiling point for several minutes to 
insure the complete precipitation of WO;, and then thoroughly 
cooled. The precipitate, consisting of the four chlorides and 
WO;, is treated with hot H:O to remove the PbCl, and TICI. 
To the hot water extract, 1 N K.CrO, solution is added dropwise 
until the precipitation of Tl,CrO, (yellow) and PbCrQ, (yellow) 
is complete. The mixed chromate precipitate is warmed with 3 
N NaOH to dissolve the PbCrO,. The residue, TleCrO, is then 
separated either by filtering or by centrifuging and decanting off 
the basic lead solution. To the solution containing the lead, 6 N 
HCl is added dropwise until the solution is just acid to litmus. 
A yellow precipitate of PbCrO, appearing in the acidified solution 
proves the presence of lead. 

The Ti,CrO, residue is washed with water and dissolved by 
warming in 6 N HCl. The resultant solution is yellowish-green 
incolor. Solid NaHSO; is added in small amounts until the solu- 
tion assumes a distinctly green color. This treatment insures 
the reduction of the thallium to the monovalent state while the 
green coloration is due to the reduction of CrO,-~— to Cr**. 
After all action has ceased, several drops of 0.5 N KI solution are 
a The precipitation of TII (yellow) proves the presence of 
thallium. 

Concentrated ammonia is added to the residue of WO;, AgCl, 
and Hg2Cl., left from the hot water extraction. The precipita- 
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tion of Hg (black) and/or HgNH-C! (white) proves the presence 
of mercury. 

The ammoniacal solution is separated from the mercury pre- 
cipitate and is added to an equal volume of 0.5 M Na,HPO, 
solution to complex the WO;. The excess NH,OH is now care- 
fully neutralized with 6 N HNO;. This treatment reprecipitates 
AgCl (white) to prove the presence of silver. 

The solution containing the phosphotungstic complex is sepa- 
rated from the AgCl precipitate and is treated with several drops 
of 12 N HCl and 5 drops of the Basic Brown reagent. The 
mixture is heated to boiling. The immediate appearance of a 
reddish-brown flocculent precipitate indicates the presence of 
tungsten. 

In the presence of certain inorganic anions (par- 
ticularly AsO,—* and PO,~—*), WO; is not precipitated, 
even by concentrated HCl. This is probably due to 
the formation of heteropoly tungstic acids in the 
solution. These compounds are commonly quite 
soluble. Likewise, tungsten forms soluble complex 
compounds with many polyhydroxy organic acids 
and the presence of such groups, while unlikely in the 
usual qualitative unknown, will also prevent the 
complete precipitation of WOs. 

In prepared test solutions containing only Na2WO,, 
it is possible to obtain a good precipitate by the ad- 
dition of 6 N HCl to samples containing as little as 
one mg. of tungsten per ml. The table shows the 
results of some experiments made with various inter- 
fering ions. In each case, one ml. of 6 N HCl was 
added to the mixture which was then boiled. The 
results cited give the relative ratios of the ions neces- 
sary for interference or prevention of precipitation. 
Noyes and Bray (7) have discussed the behavior and 
elimination of those ions which interfere with the 
precipitation of tungsten by mineral acids. 

If the AsO,—* and/or PO,-* ions are present in the 
unknown solution, some other Group I metal ion 
must also be present if tungsten is to precipitate. 
Where other Group I metal ions are present, no per- 
ceptible amount of WO; remains in solution because 
the tungstates of these metals are all very insoluble 


Detection of Tungsten in the Presence of Interfering Ions 


Interfering 
ton Results 
5 mg. PO,-* No ppt. cold or hot 
5 mg. AsO,~* No ppt. cold or hot 
5 mg. C,0,-~ White ppt. cold 
10 mg. C:0.-~ No ppt. cold, yellow ppt. hot 
10 mg. BO;—* White ppt. cold 
100 mg. BO;~* No ppt. cold, white ppt. hot 


All solutions contained 10 mg. W as WO,~~ in 5 ml. total vol- 


ume. 

Organic radicals, such as citrate, salicylate, and tartrate, do 
not prevent precipitation unless they are present in approxi- 
mately ten-fold excess. 
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in HCl. Since there are many incompatibilities in the 
elementary qualitative scheme, these limitations on 
the inclusion of tungsten should offer no serious ob- 
jections. 

In the confirmation of thallium, a definite yellow 
precipitate is obtained by adding KI solution to the 
thallous solution. A change in the color of the solu- 
tion when KI is added does not indicate the presence 
of thallium, for the NaHSO; will color the KI solution. 
This test is sufficiently delicate, however, to show the 
presence of 0.1-0.2 mg. of T1+ in the solution (8). 

The use of the basic dyestuff as a reagent for tung- 
sten is recommended because the phosphotungstic 
lake which is formed is more readily visible than is the 
tungsten blue precipitate which is often used. It was 
found from tests to determine the sensitivity of this 
reagent that concentrations of 0.05 mg. W/ml. were 
sufficient to cause immediate precipitation. When 
the samples were allowed to stand overnight, a pre- 
cipitate was obtained in a solution containing 0.01 mg. 


SCHOOLS 


In rue spring of 1956 the Office of Relations with 
Schools of the University of California undertook a 
survey of instructional practices in the teaching of 
college preparatory chemistry, physics, and biology 
in the high schools of California. The survey was 
conducted by means of questionnaires sent to all ac- 
credited high schools in the state, with information re- 
quested on teaching practices, physical status of labo- 
ratories, qualifications of the teaching staffs, post-high- 
school plans of science majors, and certain other re- 
lated aspects of science instruction. The question- 
naires consisted of one page for each of the three sub- 
jects, and the persons in charge of the subjects were 
asked to fill out the sheets for their respective schools. 
The replies thus obtained were deemed of sufficient 
general interest and value to warrant presentation in a 
medium having more than regional coverage. 

This study was exploratory and did not intend to 
compare the findings with arbitrary standards. Rather, 
the results of the survey may be looked upon as es- 
tablishing norms by which high schools in California 
may judge the adequacy of their own offerings. In 
addition, the data may prove of value in the general 
orientation of new instructors, and as factual informa- 
tion useful to teachers who are striving to upgrade the 
offerings of their schools. In this latter context the 
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This scheme of analysis has been “student-tested”’ 
in the elementary laboratories at the University of 
Georgia. No difficulties were experienced when the 
procedures outlined above were followed, and satis- 
factory results were obtained in all cases. 

The authors wish to express their thanks to the 
Holland Aniline Dye Company of Holland, Michigan, 
for the samples of dyestuffs which they were kind 
enough to supply. 
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“average” values quoted should be looked upon as just 
averages, and not as ultimate goals. 

Out of a total of 590 schools sent the questionnaire, 
72% replied; of the schools replying, 94% offered 
chemistry and 76% offered physics. Since the reply- 
ing schools were quite representative of the various 
classes of schools in the state, it is believed that the 
latter figures and other data obtained from the replies 
afford a fairly reliable statewide picture. In compiling 
the data, the schools were classified as follows: large 
public high schools, L (over 500 students), medium 
public high schools, M (200-500 students), small public 
high schools, S (up to 200 students), and private high 
schools, P. The data for this report (398 schools) 
were obtained from 173 large, 77 medium, and 47 small 
public high schools, and 101 private high schools, with 
chemistry enrollments totaling approximately 27,000. 
It is estimated that about 40,000 students took chem- 
istry in all California high schools in 1955-56, judging 
from the data available through this unofficial tally. 


INSTRUCTIONAL ACTIVITIES 


It may be assumed that a regular semester consists of 
18 weeks, with 90 periods available for courses meeting | 
period per day. Most California schools offering chem- 
istry devote 5 periods per week to this subject, although 
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some schools schedule 6 or 7 (rarely 10) periods per week 
to it. Periods range from 40 to 55 minutes. The dis- 
tribution of certain activities during a typical semester 
is shown in Table 1, with a breakdown given for the 4 
classes of schools to ‘bring out certain differences 
among them. Although it appears that with respect 
to some of these activities the private schools seem to 
complete more units than do the public schools, many 
private schools meet for 6 or 7 forty or forty-five minute 
periods per week instead of the more common 5 periods 
of 55 minutes each, and the total time devoted to the 
subject by public and private schools does not differ 
greatly. In addition to lectures, recitations, and the 
activities of Table 1, many schools make use of films and 
other visual aids, assign special projects, and take field 
trips, but practices differ widely. 


TABLE 1 
Instructional Activities in a Typical Semester 
q Class of school 
Activity L M 8S P Avs 


Periods of student laboratory 


wor 27 30 37 30 
Periods of laboratory demonstra- 

tion “ht 9 11 
Number of experiments completed 23 22 23 24 23 
Number of written assignments 

made 36 31 30 = 41 35 
Number of short quizzes given 144 12 138 2 15 
Number of full period exams given 10 9 9 9 9 


2‘ Average’’ values refer to true averages based on the total re- 
plies, not “average of averages.”’ 


This allotment of time devoted to the various pri- 
mary instructional activities appears reasonable, with 
the possible exception of the average of 30 periods of 
student laboratory work, which is only about one- 
third of the class time. Student laboratory work can 
contribute greatly to a true appreciation of the scientific 
method and can act as an effective stimulus to interest 
in science. Not less than 40% of the total time should 
be allotted to it, even if this necessitates fewer examina- 
tions and less extensive coverage of subject matter. 
Unfortunately some schools have been compelled to 
substitute demonstrations for individual student labora- 
tory work. Inadequate facilities play a major role in 
the present situation. (See Table 4.) 


GRADING PRACTICES 


A study of the distribution of grades in chemistry 
among the four classes of schools reveals a high degree 
of uniformity for the average grade distribution group- 
wise, but wide variation among schools individually. 
The average grade distribution among the 398 schools 
reporting on their chemistry offerings is shown in Table 


TABLE 2 
Average Distribution of Grades 
Grade A B Cc D F 
Percentage distribution ll 27 40 17 5 


C’s, 30% D’s, and 5% F’s. However, it is not to be 
inferred that such unusual] distributions as these neces- 
sarily represent regular practices in the schools sub- 
mitting these data. Among the factors contributing 
to the wide differences in grade distribution, in addi- 
tion to the usual statistical variations from class to 
class, are the differing prerequisite policies for ad- 
mission to the chemistry course, the individual school’s 
tradition of scholarship, and the instructor’s personal 
approach to the problem of grading. 

Thirty-eight per cent of the grades given are in the 
“recommended” class, with no significant differences 
among the four groups of schools. From other studies 
based on general admission data and first-semester 
collegiate records, it is known that private schools on 
an over-all basis grade slightly more rigorously than do 
large public schools but that students from the latter 
schools do slightly better in their first semester at the 
university. The medium and small public schools 
grade less rigorously and have slightly poorer collegiate 
records. Many high schools with good college prepar- 
atory records give up to 50% of recommended grades 
in their college preparatory courses, suggesting that 
effective screening processes are operative. 

Of some interest relative to grade distribution are 
the opinions of chemistry teachers on the mathematics 
preparation of their students. Forty-two per cent of 
the schools indicated that this factor “needed improve- 
ment,” 50% that it was “satisfactory,” and 8% that it 
was “very good.” The large public high schools were 
somewhat more critical of inadequate mathematical 
ability than were the other schools. High-school 
mathematics instruction is a matter of serious concern 
in the total picture of future scientific progress in this 
country. It was one of the two major recurrent themes 
arising in the hearings of the Research and Develop- 
ment Subcommittee of the Joint Committee on Atomic 
Energy on the “Shortage of Scientific and Engineering 
Manpower” (April, 1956). These hearings reported 
that “. . . vigorous action is imperative to restore this 
important subject to its rightful place as a fundamental 
part of the curriculum .. .” 


STAFF 


Each school wes asked to record the number of 
faculty members teaching chemistry with a major in this 
field (approximately 36 units), with a minor (approx- 
imately 20 units), and with neither major nor minor. 
The results are summarized in Table 3. As might be 
expected, the larger schools are better able to use their 
staff in the subject fields of their collegiate training, 
but it is notable that on the average less than half the 
teachers of chemistry are trained primarily in this field 
and 14% have neither a major nor a minor in it. 

Staffing of high-school chemistry courses is a per- 
plexing problem. The delicate and interdependent 


TABLE 3 
Training of High School Chemistry Teachers 


Class of school 
L M Ss Ap. 


Typical of the variability in grading practices may be 
cited the instance of one school giving 35% A’s, 38% 
B’s, and no D or F grades, and of another giving 45% 
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% of chemistry staff 


with major 58 50 35 41 47 
with minor 37 35 40 44 39 
with neither 5 15 25 15 14 
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relation between science instructors, science instruc- 
’ tion, and the recruitment of future scientists is now such 
as to create a downward spiral that progressively 
compounds the problem of securing well-trained 
science teachers even for a static school population, to 
say nothing of attempting to keep up with an expand- 
ing population. 


PHYSICAL FACILITIES 


Among the objectives of this survey was an assess- 
ment of the status of the physical facilities devoted to 
chemistry instruction. For this purpose each respond- 
ent was asked to classify separately the laboratory 
equipment and laboratory space at his high school 
according to whether it was “very good,” “‘satisfac- 
tory,” or “needs improvement.’’ The responses are 
tabulated in Table 4, on a percentage basis. 


TABLE 4 
Status of Physical Facilities for Chemistry Teaching 


Class of school 
M 


Laboratory equipment 
Very good, % 
Satisfactory, % 

Needs improvement, % 

Laboratory space 
Very good, % 
Satisfactory, % 

Needs improvement, % 


The above figures suggest that the medium and 
small public schools are operating with less satisfactory 
physical facilities than are the large public schools 
and private schools, and that space is a more serious 
deficiency than is equipment. When the primary data 
are assigned numerical values and averages obtained, 
it is found that on an over-all basis laboratory equip- 
ment is rated as a little above satisfactory, and labora- 
tory space as just about satisfactory. Some individual 
schools mention serious handicaps incurred by virtue of 
poor facilities, and it may be inferred that a substantial 
fraction of the high schools are offering chemistry 
under less than satisfactory conditions. 


INTEREST IN THE PROFESSION OF CHEMISTRY 


During the past five years the growing shortage of 
scientists has developed to the point where it has be- 


come a matter of national concern. While numerous 
suggestions both as to the causes of this condition and 
remedial action to relieve it have been advanced, one 
important aspect of this problem revolves about the 
apparent relative decrease in the appeal of a scientific 
career to the high-school student (only 11% of Cali- 
fornia high-school science majors are reported to plai 
on entering the field of chemistry). On the assumptio. 
that high-school chemistry teachers would be aware of 
some of the factors contributing to this situation, they 
were asked to comment upon it. Many interesting 
and searching replies were obtained, and an attempt 
has been made to classify and arrange them according 
to their relative order of importance. Some of these 
general classes of answers overlap and are thus not 
always distinct, but general trends of opinion may be 
ascertained, as shown in Table 5. 


TABLE 5 


Teachers’ Comments on Causes of Low Interest in Chem- 
istry as a Profession 


_ 1. A general dislike for mathematics and quantitative think- 
ing. 

2. The sciences are too difficult compared with other fields 
that are easier to enter and which pay as well or better. 

3. High-school curricula overemphasize athletics, drama, 
social sciences, and group activities. The present teaching 
philosophy is oriented toward social integration, personality de- 
velopment, and providing a general exploratory experience. 
These trends offer little encouragement to the quiet, intellectu- 
ally-minded student. 

4. The present socio-economic climate doesn’t foster self- 
discipline and intellectual attainment as compared with mone- 
tary success. 

5. Stimulating teaching is decreasing as a result of overcrowd- 
ing and excessive work loads; furthermore, fewer and fewer po- 
tentially dedicated teachers are entering the field because of rela- 
tively low salaries. 

6. Counselors are rarely familiar with or enthusiastic about 
the sciences. 

7. Students receive insufficient interest-stimulation in the 
lower grades. 

8. Students have r study habits and are ill prepared to 
master the sciences when they reach the 11th grade. 


In addition to the above types of reply, other related 
reasons were mentioned as contributing to the relative 
lack of interest in science as a career. However, some 
teachers indicated that this negative trend was in 
process of reversal and that a shift in the direction of 
greater interest could be anticipated. 


Chem-Gems: A Philosophical Pearl 


No toncer need the philosopher talk a language unintelligible to the chemist. Rocrer K. 
Taytor of Baltimore, Maryland, supplies the following translation of metaphysics into a slightly 


unorthodox aromatic formula: 
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Some years ago McKie! relegated Wohler’s part in 
overthrowing the vitalistic theory as well as his ‘“‘syn- 
thesis” of urea into the realm of chemical legend and his 
views have been accepted in some quarters. Recently, 
Campaigne? after examining the evidence arrived at 
the conclusion that Wo6hler in preparing urea from 
ammonium cyanate in 1828 actually sounded the death 
knell of vitalism. Not the least of Campaigne’s merits 
in reopening the case rests in the inducement to study 
relevant texts, especially Wohler’s paper about the arti- 
ficial formation of urea.* This merit isin my eyes not 
diminished by the fact that for reasons given below I 
cannot endorse his conclusion. 

In assessing Woéhler's part in the overthrow of the 
vitalistic theory, his own appraisal of the implications 
arising from his discovery in 1828 seems to be of con- 
siderable importance. I submit that the study of the 
original paper leaves the reader with rather mixed feel- 
ings as to Wohler’s stand with regard to vitalism. His 
only remark in this connection is contained in a sen- 
tence quoted by Campaigne in the German original and 
in the English translation. However, this translation 
isnot correct. Campaigne quotes: ‘“. . . this research 
has given the unexpected result, that urea is produced 
by the combining of cyanic acid with ammonia, an espe- 
cially remarkable fact, inasmuch as it offers an example of 
the artificial production of an organic, and, indeed, a 
so-called animal substance from inorganic (nonorganic) 
materials." (Italics are mine.) In reality the itali- 
cized passage should run as follows: “. . . that by the 
combining of cyanic acid with ammonia urea is pro- 
duced, a fact remarkable also, inasmuch as... .” 
It seems clear that in the sentence quoted emphasis i is 
laid on the formation of urea instead of a salt, which 
would be expected from an interaction between base and 
acid, and that the production of an organic material 
from an inorganic source is mentioned only on second 
thought. The main body of the paper is devoted to 
analytical considerations, and in the concluding para- 
graph there is a reference to the analogy between the 
urea-ammonium cyanate system and such compounds 
as fulminic and cyanic acids. Thus the main purpose 
of the paper appears to be the description of another 
instance of isomerism first observed by Wohler and 
Liebig a few years earlier. 

On the basis of this paper only, there would be little 
reason to attribute to Wohler any intent to question the 
Vitalistic theory. However, in reporting his discovery 
to his master Berzelius, Wohler indicated clearly that 
he gave this matter considerable thought. The rele- 
vant paragraph in his letter to Berzelius, referred to by 


'McKir, D., Nature, 153, 608-10 (1944). 
* CaMPAIGNE, E., J. Epuc., 32, 403 (1955). 
* Wouusr, F., Ann. Physik., 12, 253-7 (1828). 
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both McKie and Campaigne, but interpreted in a 
different way, is worth translating in full: 


Can this artificial formation of urea be regarded as an example 
of forming an organic substance from inorganic materials? It is 
remarkable that in order to produce cyanic acid (and also am- 
monia) one must yet have always an organic substance to begin 
with, and a natural philosopher would say that the organic part 
has not disappeared either from the animal charcoal or from the 
cyanogen compounds made from it, and, therefore, one could 
always produce from it again an organic body.‘ 


Campaigne is of the opinion that by “natural philoso- 
pher” Wohler meant not himself but a diehard vitalist. 
To my mind this passage implies that Wéhler, while not 
identifying himself with his natural philosopher, did not 
oppose his views. 

These various conflicting statements being a matter 
of interpretation rather than of fact, I submit that both 
McKie and Campaigne have failed to consider two as- 
pects which could throw some light on the subject: 
Wohler’s limitation as theorist, and his relations with 
Berzelius. On the first point Wéhler himself comments 
in a letter to Liebig as follows: 


... a8 a thinker I am painfully slow. No one is less meant to 

be a critic than I. As you well know, the capacity for philo- 
sophical thinking is entirely lacking in my make-up, as well as 
that for mathematics. Only for observation there is, I think, an 
adequate provision in my brain, possibly also linked up with a 
kind of instinct for anticipating actual relationships. 
He is, after all, the author of the often quoted sentence: 
“Probieren geht iiber Studieren’’ (experiment is supe- 
rior to speculation). Accordingly, his previously men- 
tioned communication to Berzelius gives me the impres- 
sion that not being sure what to make out of his dis- 
covery, he approached Berzelius, as on previous oc- 
casions, hoping for guidance. McKie is of the opinion 
that Berzelius did not sense any refutation of vitalistic 
belief in Wohler’s discovery and letter. I am not so 
sure. Berzelius’ jibe‘ about the artificial creation in 
the laboratory of a baby (“‘if only so small’’) as the next 
step in his disciple’s scientific career seems to indicate 
that he suspected in Woéhler some tendency towards 
heresy, and as a convinced vitalist was quick to bring 
it into ridicule. Then in a more serious vein he com- 
plimented Wohler on his discovery, but referred only to 
the part which pertained to isomerism. 

The reply of the revered master must have stifled in 
Wohler any inclination to venture further into the field 
of the vitalistic theory. And so “a man of quiet and 
peaceful mind, and free from self assertion, Wéhler 

pursued the even tenor of his way, taking but little part 
in the controversies of his time.”* It was not his fault 


4 O., Editor, ‘‘Briefwechsel zwischen J. Berzelius 
and F. Wohler,” Leipzig, 1901, Vol. I, 208. 

5 Hormann, A. W., Ber., 15, 3127-90 (1882). 

6 Frnp.ay, A., “A Hundred Years of Chemistry,’’ Duckworth, 
London, 1937, 337-8. 
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that his more determined French contemporaries car- 
ried the matter further and used his discovery as one of 
the arguments in combating vitalism. Hofmann’s 
claims’ regarding Wohler’s part in the overthrow of 
vitalism, rightly criticized by McKie, are thus not based 
on fact, and can only be regarded as exaggeration, per- 
haps not unnatural in an obituary. A more sober ap- 
praisal of Wobler’s discovery was given in 1869 by 
another of his famous compatriots, Ladenburg:’ 


Wohler had discovered cyanic acid in 1822 and was occupied 
with its investigation when he made the observation in 1828 that 


7 LapDENBURG, A., translated by L. Dobbin, ‘(Lectures on the 
History of the Development of Chemistry since the Time of 
Lavoisier.” James Thin, Edinburgh, 1905, 116. 


MESOPOTAMIA’ 


One of the most ancient arts in the technological 
history of mankind is the processing of skins and hides 
to produce furs and leather for shelter and clothing. 
By the time of the Sumerians, who were the possessors of 
the earliest literate civilization in Mesopotamia, leather 
no longer was the commonest material for clothing. 
Ur, in the third millennium B.c., already possessed a 
thriving textile industry. At the same time, leather 
was still in demand for other uses such as for harness of 
oxen and donkey teams, door hinges, pouches, shoes, 
belts, and other objects. Leather was important in an 
inflated form for the ancient small boats and rafts. 
Parchment was used in the first millennium B.c. al- 
though no evidence for the means of its preparation 
exists in the texts known. 

The ancient Mesopotamian tanners used a surprising 
variety of skins and hides. Sheep skins, both with and 
without the wool, were the most common. Other hides 
used were from the ox, goat, snake, hog, wildcat, 
elephant, deer, shark, lion, wolf, and many others. 

The hide was a very important economic part of the 
slaughtered animal. For example, in a case of what was 
probably “hoof and mouth disease,” a letter reads, 
“The sheep which have a disease of the mouth are not 
strong; let them slaughter and remove the hides from 
the bodies.’’? 


1 Presented before the Division of the History of Chemistry 
at the 128th Meeting of the American Chemical Society, Minne- 
apolis, September, 1955. This study was aided by a grant from 
the American Philosophical Society. The author is indebted to 
the Oriental Institute, University of Chicago, for the use of its 
Assyrian Dictionary materials. 

? Harper, R. F., ‘Assyrian and Babylonian Letters Belonging 
to the Kouyunjik Collection of the British Museum,’ Luzac, 
London, 1897, Text 75, rev. 1-4. 
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CHEMISTRY OF TANNING IN ANCIENT 


urea, a known product of animal life, was formed upon the evapo- 
ration of a solution of its ammonia salt. It is true that the prob- 
lem was not completely solved by this discovery. The synthesis 
from the elements was not yet possible, but still the most essen- 
tial thing had been accomplished. From inorganic compounds 
(amongst which many at that time classed cyanic acid) a sub- 
stance had been prepared which had hitherto been found in the 
animal organism only. In spite of this, the revolution of ideas 
proceeded but slowly; it was still believed that the vital force 
could not be dispensed with, and some decades afterwards scien- 
tific discussions took place as to its existence. 


If this was so, then Wohler’s preparation of urea did not 
dispose of the vital force any more than Priestley’s 
discovery of oxygen disposed of the phlogiston theory. 
According to his own testimony Wohler lacked the 
speculative genius of a Lavoisier. 


MARTIN LEVEY 
Temple University, Philadelphia, Pennsylvania 


Immediately after flaying, the fresh skins were cured 
by soaking in a solution of water and the native saline 
earth. The skins were then scoured. They were 
pounded and most of the inner flesh and fat removed 
with a fleshing knife, then probably dried and stored 
for a short time for the tanner. 

For depilation, the skin was left to putrefy to a 
limited degree. In primitive cultures this is done by 
immersion in urine followed by scraping with a blunt 
knife to remove the epidermis and roots. 

In ancient Mesopotamia, there is no evidence that 
any particular material was used to assist in this opera- 
tion of depilation. It was probably carried out simply 
as a natural bacterial process. The texts, however, do 
provide us with evidence as to the ill-smelling nature of 
the tanner’s work. This may have been due to the 
bating process without which it is difficult to make fine 
leather. This is the treatment with a dung infusion. 
Without doubt, it was this stage of the tanning pro- 
cedure which was the main reason for the leather 
workers’ living in their own towns. Pounding and 
rubbing of the skin at this stage assisted in preparing 
the skins for the next step of tanning. ' 


TANNING 


The oldest methods of tanning skins and hides are oil 
tannage and tawing, i.e., with alum. The former is the 
older judging by evidence from contemporary primitive 
peoples. 

The cuneiform literature reveals also that, in addition 
to these, the ancient Mesopotamians were also well 
acquainted with the use of vegetable tannins in this 
work. 
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First, it might be well to examine briefly the method of 

steeping the hides in the tanning solution. A technique 
still employed in the Near East seems to have been prac- 
ticed in ancient Mesopotamia. This is the method of 
filling the skin or hide in the form of a bag with the 
tanning solution and then putting the filled skin or hide 
into the tanning vat. One tablet reads, ‘400 sheep 
skins, containers, steeped in the solution and puffed up.’’* 

An examination of the texts for evidence as to the 
actual tanning materials in use reveals that a first 
millennium B.c. tablet lists alum, gall nut, myrrh, and 
fat.‘ 

The gall nut yields a rich extract of tannin and was 
widely used in ancient times for this purpose. 

From other tablets, a slightly different version of the 
tanning procedure is obtained. The fragment of a 
ritual text describes the sacrifice of bulls whose hides 
were destined to be stretched on the kettle drum which 
accompanied the official in chanting his lamentations. 


You take this hide and steep it in pulverized flour of pure wheat 
in aqueous mixture, fine wine, [and then] rub it with fine fat of a 
pure bullock, alum of the Hittite country and gall nuts. Then 
you will spread it over the brass kettle drum.® 


The ritual texts, although written down in the 
first millennium B.c., probably stem from a very early 
date and perhaps reflect a technique dating back to the 
third millennium B.c. or earlier. The tanning materials 
in these texts were placed in one mixture in which the 
skin or hide was steeped. This procedure is still fol- 
lowed today in the region of Baghdad. Flour, as well 
as alcoholic liquids, was also used in these ritual 
texts. 

A magical text is interesting in that it makes full use 
of oil in the tanning process although it does not omit 
the use of alum and gall nuts. It would therefore 
seem to be a combined series of operations making use of 
different techniques. Evidently, the magical text had 
its origin in very early times but was later amended. 


TANNING MATERIALS 


Fat of a bull, fine oil, and ordinary oil were known in 
the tanning of skins and hides. It is rather surprising 
that in the oil-rich Near East, tanning with oil was un- 
known in the Talmud. Oil tannage simply consists 


§ JacoBsEN, T., ‘Cuneiform Texts in the National Museum, 
Copenhagen,’’ E. J. Brill, Leiden, 1939, p. 69, Text 17:1-2. 

*SrrassMaimrR, J. N., “Inschriften von Cambyses,’’ Pfeiffer, 
Leipzig, 1890, Text 155. 

5 EBELING, E., ‘‘Keilschrifttexte aus Assur, religiésen Inhalts,’’ 
Wissenschaftliche Veréffentlichung der Deutschen Orient-Gesell- 
schaft, Vol. 34, Text 60, rev. 5-8. 

‘THuREAU-Danain, F., “Notes Assyriologiques,’’? Revue 
D’Assyriologie, 17, 29 (1920). 


of oiling or greasing the skin which is wet, then knead- 
ing and stretching it as it slowly loses moisture and 


absorbs the fat. The process is still in use today to 
make the finest furs by treating with oxidizable oils. 

Aromatic extracts were used probably as counter- 
actants to the foul smells in the tanneries. Alum, a 
mordant in the dyeing of cloth and much used in phar- 
macy, was widely employed in the tanning of leather. 
It was obtained from the land of the Hittites, now 
Turkey, from Egypt and from an unknown country, 
Kashappu. Hides tanned with alum alone have no 
suppleness and are not very useful for most purposes. 
If salt or sodium sulfate is used with aluminum salt, a 
much better product is obtained. No evidence exists 
for this procedure in ancient times. However, alum 
was probably almost always contaminated with ferric 
salts which would, of course, tan. The quantity of 
ferric ion impurity would then determine the perma- 
nency of the tanning. In the Talmud, however, alum 
was used with salt to make an excellent tanning agent. 

It was by empirical methods that the ancient Meso- 
potamians found that some form of tannin was neces- 
sary to make a more durable leather. The texts 
quoted show the use of the gall nut. In addition, as 
tannin sources, the Mesopotamians used oak bark, 
sumac, and probably the rind of the pomegranate 
which contains much tannin. 

Flour of wheat and malt was used in the quoted 
Akkadian texts. In the Talmud, skins and hides 
were often treated with flour and gall-nut powder. 
This produced the so-called sour hide. After tanning, 
leather was dyed or painted in various colors such as 
red, black, white, brown, green, and purple. 


TANNING TECHNOLOGY, AN ANCIENT ART 


Tanning technology in ancient Mesopotamia showed 
progress until the Neo-Babylonian period. The use of 
leather products penetrated into every phase of 
Mesopotamian life. Although the evidence is not as 
yet available, it is likely that the techniques used were 
highly specialized for the various types of leather manu- 
factured. Unfortunately, leather could not withstand 
the ravages of the Mesopotamian climate to allow proof 
of this point by chemical analyses of the artifacts. 

Few of the important modern phases of tanning 
technology have come into use because of scientific 
research as we know it today. Rather, the major 
tanning operations have come about as a slow empirical 
development from prehistoric times, through the ancient 
Mesopotamian period down through various stages to 
modern times as a connected and developing stream 
of knowledge. The evolutionary thread of this area 
of our technological development runs parallel to the 
blossoming of our cultural traditions in other fields. 


Illinois. 
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ILLINOIS ASSOCIATION OF CHEMISTRY TEACHERS 


THE spring meeting of the Illinois Association of Chemistry Teachers will be held April 26, 1957, 
on the campus of Illinois State Normal University and the University High School, Normal, 
The program is being planned by Dr. Carl Weatherbee of Millikin University, president 
of the association, and Dr. R. U. Gooding of Illinois State Normal. 
discussion groups will be organized to examine fundamental concepts dealt with in the elementary 
course. A feature of the program will be the showing of “Our Mister Sun.” 


In addition to formal lectures, 
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Tue widespread use of the tests prepared by the Ex- 
aminations Committee of the Division of Chemical 
Education makes it desirable to publish in TH1s Jour- 
NAL a condensed set of norms for ready reference. 
They should be useful to teachers and research workers 
for many purposes for which only the total score of a 
; typical group is sufficient. The condensed norms 
’ have been selected from a much larger body of data, 
regularly collected and calculated for each test form. 

fe The table contains the following information: 


(1) The year in which the most recent or most reli- 
able set of norms for the total score have been obtained. 

(2) The parts of the test upon which the scores for 
In several forms of the test, the 
optional sections have been excluded from the calcul.- 
tion of the norms. 


the norms are based. 


CONDENSED NORMS FOR A.C.S. COOPERATIVE EXAMINATIONS 


(3) The scoring formula is given for each form. 


different scoring formula was used, the papers should |e 


re-scored for valid comparison. 


Year of norms......... 1949 1950 1953 1954 1954 
Parts represented....... I-V I-V I-V I-III L-III 
Scoring formula....... R — W/4 R — W/4 R — W/4 R —- W/4 R — W/4 
Maximum possible score. 110 105 105 105 100 
the Type of course......... Shr. 10hr. 8hr. 10hr. Q NQ Entiregroup Q NQ Entiregroup Q NQ Entire grou) 
No. of schools......... 12 9 12 19 12 16 25 20 12 32 16 23 39 
No. of students........ 654 470 1297 550 371 754 1125 520 743 1263 803 850 1653 


Percentile rank 


95 95 103 75 
85 78 «8640 65 67 
80 73 64 
60 58 69 48 #50 56 Si 54 
55 55 6 46 48 54 48 5] 
50 52 68 44 4 £52 46 48 
40 46 56 39 40 48 42 44 
7 868 
12 


QUALITATIVE 
1952-53 1949 1950 1953 
Parts represented.............. I I-IiI I-III I-IT 
Bowring R W/4 I:R — W/4 I:R — W/4 I:R — W/4 
II: 4(R — W/4) II: 4(R — W/4) II: — W/4 
ITI: 3(R — W/4) III: 3(R — W/4) 
Maximum possible score........ 45 165 165 105 
Se a eee 2d sem. gen. 1 sem. 2 sem. 1 sem 1 sem 
504 825 117 709 404 


Percentile rank 
99 
95 


JOURNAL OF CHEMICAL EDUCATION 


Percentil 
99 
95 
90 
85 
80 
7. 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
l 


OLUME 


the 
ay 
rept 
qual 
sent 
num 
tory 
fessi 
99 92 87 89 86 80 86 82 84 83 
i 78 73 76 69 71 70 
73 71 64 64 64 
is 68 61 65 60 58 59 
64 56 61 57 53 55 
rece 60 53 57 54 50 52 
57 50 54 51 46 48 
54 47 51 47 43 45 
51 43 48 44 41 42 
48 41 45 41 38 40 
45 39 42 39 36 37 
43 37 40 36 34 
ne 40 35 38 34 31 32 
38 33 35 31 29 30 
35 30 33 29 28 
32 26 30 26 26 
28 24 27 23 23 
ee 24 21 23 19 19 20 
21 16 19 16 15 16 
12 10 13 12 11 
Test 
Year of i 
Parts rej 
Scoring 
Marimu 
Tape of 
No. of sei 
No. of sta 
. a 123 140 134 71 
pie ; 28 113 127 124 66 
a 26 105 117 117 61 
oe ae 24 99 109 110 57 
22 94 103 104 53 
a 20 89 98 98 49 
ea 18 85 93 90 45 
ae: 17 80 89 85 42 
eter 16 76 84 81 39 
pea 15 72 80 76 36 
eh 13 68 77 72 34 
a 12 64 73 67 32 
aes 10 60 69 63 29 
“ea 9 55 65 58 26 
8 51 61 54 23 
otis ae 6 45 56 48 20 
5 39 51 42 17 | 
4 32 45 35 13 
on, 2 22 37 28 9 | 


(4) The maximum possible score is calculated, using 
the correct scoring formula. 

(5) The type of course can only be described briefly 
in this table. .The 8-hr. or 10-hr. describes briefly 
a year’s course. In general chemistry the symbol Q 


The more extensive data available at the office of the 
Examinations Committee include the following: 
Norms for the part scores of each of the “typical” 
courses, additional norms based on data for other 
years, norms for less “typical’’ but well-defined courses, 


q : T @ represents the courses that had 10 or more weeks of and the norms of the schools from which each sample 
le i. qualitative analysis in the second semester; NQ repre- was drawn. This information is collected and calcu- 
— sents little or no qualitative analysis. In the full data lated for each test and is mailed to those ordering tests 
If; available at the office of the Examinations Committee, or specimen copies. The full set of norms for any 
ld he the typical course is described in terms of credit hours, test may be obtained free of charge by writing to 
vache number of lecture hours per week, number of labora- Examinations Committee, Saint Louis University, 
tory hours per week, and, in several cases, the pro- 1402 S. Grand Boulevard, St. Louis 4, Missouri. 
fessional goals of the students. 
1948-49 1950 19 
Parts represented............. I-JI T& Ill IT & Iv 
Scoring formula.............. R-—W/4 R-W/4 W/4 
Maximum possible score... .... 100 1 75 135 
groul}) 1 sem 2 sem 1 sem 2 sem 1 sem. 2 sem. 
9 7 4 4 4 
53 No: of students............ 351 135 78 109 211 137 
Percentile rank 
83 99 65 119 
70 95 92 82 118 105 49 105 
64 90 84 76 116 96 46 101 
59 85 78 72 114 88 43 98 
55 80 72 69 112 84 41 96 
52 75 67 67 108 80 39 95 
48 70 62 64 106 76 37 94 
45 65 57 62 104 74 36 92 
42 60 53 60 102 70 35 90 
40 55 49 57 98 68 33 87 
37 50 46 55 94 66 31 84 
34 45 43 53 92 64 30 82 
39 40 40 51 87 60 28 80 
30 35 38 48 83 58 26 78 
28 30 35 46 78 56 24 75 
26 25 32 43 72 53 22 71 
23 20 29 40 64 50 19 68 
20 15 26 37 56 46 17 65 
16 10 23 33 48 42 15 59 
11 5 19 27 38 36 12 53 
5 md 7 45 
ORGANIC 
Year of norms......... 1956 1950 1953 Year of norms........... 1948-50 1955 
Parts represented... ... I-II I-II I-II Parts represented........ I-V 
Scoring formula....... R-W/4 R-W/ R-W/4 Scoring formula......... R — W/4 R — W/4 
Mazimum possible score 100 100 Maximum possible score.. 65 
Type of course......... Brief 8hr. 10hr. 8 hr-10hr. Type of course.......... 
em. No.of schools......... 22 14 
No.of students... ..... 431 562 406 326 No. of studenis.......... 819 199 
— Percentile rank Percentile rank 
37 95 87 88 86 73 95 44 41 
71 90 82 82 81 67 90 38 39 
56 85 78 78 = 76 62 85 36 36 
51 80 75 75 73 59 80 33 34 
57 75 72 72 69 56 75 31 31 
53 70 69 68 66 53 70 
49 65 66 65 64 51 65 
45 60 63 62 62 49 60 
42 55 60 59 60 46 55 
39 50 58 57 57 44 50 
36 45 55 54 55 41 45 
34 40 52 52 53 39 40 
32 35 50 49 51 37 35 
29 30 48 46 48 35 30 
26 25 45 43 45 32 25 
23 20 41 39 43 30 20 
20 15 38 36 40 27 15 
17 10 34 32 36 23 10 
13 5 29 25 32 18 5 
9 16 12 1 


reli- 
Lined 
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QUANTITATIVE 


¥ G 
1950 1952 


I-II 

I:R — W/4 
II:2R( — W/4 
1 


I:R —W/4 
11:2(R — W/4) II:2(R — W/4) 

120 

. 


128 


1 sem. 1 sem.) 


@ PHYSICAL CHEMISTRY, FORM L 


Reviewed by 
SCOTT L. KITTSLEY 
Marquette University, Milwaukee, Wisconsin 


Tuts examination covers those topics ordinarily included in a 
year’s course in physical chemistry. The questions used were 
selected from those submitted by about 60 collaborators. All 
questions have been pretested in over 30 institutions to assess the 
difficulty and reliability of each. The examination is of the mul- 
tiple choice type. 

Relatively few questions are based on memory alone. Most 
involve reasoning and ingenuity to arrive at the correct solution. 
Many of the more lengthy calculations have been avoided either 
by having sample substitutions as alternatives or by asking only 
for the type of data needed for the solution. The necessity of 
using appropriate units is stressed. Most graphs and figures 
used will be found in all standard textbooks but the questions 
posed are novel and challenging. 

Form Lis superior to the old test on physical chemistry 
(Form W) in avoidance of possible ambiguities. 

The examination is divided as follows: States of Matter and 
Solutions (25 minutes for 18 items); Thermodynamics, Equilib- 
rium, and Electrochemistry (65 minutes for 29 items); Structure 
of Matter and Kinetics (20 minutes for 13 items). Thus, there 
are 60 questions to be answered in 110 minutes or an average of 
1 minute and 50 seconds for each. On the basis of the reviewer’s 
experience it might be well to add 5 minutes each to Parts II 
and III. The exam covers the material well and the relative 
emphasis on the various topics is in line with current practice. 
However, there are only two questions on solids, and one on col- 
loids. Ionic equilibria might well receive better coverage. 
Although logarithm tables are provided on the back of the test, 
the student would be wise to bring the recommended slide rule 
as a time saver. 

The reviewer suggests that the use of type symbols for A, 1, + 
=, and In would improve the format. The exam has been 
carefully checked and is practically free of errors. However, 
the discerning student will get a chuckle out of the reference to 
“discreet circular orbits.’’ 
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@ ORGANIC CHEMISTRY, FORM M.B. 


Reviewed by 


B. GONICK 
Phoenix College, Phoenix, Arizona 


Tuis test is intended for use as a final examination for a one 
semester course. Like the previous Form M, designed for the 
full year course, it contains 100 multiple-choice questions, but 
unlike Form M there is only one correct answer to each question. 
This is an improvement. 

The questions are grouped into two parts of equal length :nd 
difficulty. Either part may be used by itself, since each covers 
the entire course. More thorough sampiing, however, is to be ex- 
pected by use of the entire battery of one hundred items. The 
use of the entire test seems to be especially desirable for a subject 
as ramified as organic chemistry. It is also desirable because the 
use of a smaller number of multiple-choice type of questions is 
less able to discriminate between the good student who can recog- 
nize the correct response among a limited number of presented 
alternatives and the superior student who can supply the correct 
answer without prompting. 

The questions are well thought out and well distributed over 
the range of subject matter. Many of the items are quite pene- 
trating, requiring the student to marshal all his knowledge of the 
particular area in order to come up with the correct choice. 

Some minor errors on the title page of the examination should 
be corrected in future printings. More serious is an error in the 
key. The holes for the last five items have been displaced about 
two inches upwards so that they do not fall on the right place on 
the answer sheet. 


@ GENERAL CHEMISTRY, FORM M 


Reviewed by 
MORRIS M. OLDHAM 
U. S. Naval Academy, Annapolis, Maryland 


Tracuers of general chemistry everywhere will welcome this 
new test which follows the format of its immediate predecess« 
and consists of three parts: Recall of Information (20 minute 
for 30 items); Application of Principles (50 minutes for 45 items 
and Quantitative Application of Principles (35 minutes for 2 
items). Dr. Wright and his 27-member subcommittee, together 
with the collaboration of 48 other general chemistry instructor, 
have made the test representative of what is taught in the cours 
throughout the country. The questions are of the standari 
five-response, multiple choice type, with one correct respon% 
Included are the favorite questions of many instructors. The 
questions were first worked over by the subcommittee and the 
collaborators before appearing in the Form M test. No student 
can get a good score on this examination using memory alone 
The degree to which choice of answer depends upon analytic 
thinking is very gratifying to note. This form has now bee! 
given enough times to establish reliable norms. 

The test is thorough and of reasonable difficulty and should 
lend itself well to the purposes so capably served by its predece* 
sors. A student taking Form M might well criticize the phote 
offset reproduction of ordinary pica typewritten copy in whit! 
the hand-drawn parts are not very expertly done, but afte 
finishing it he should conclude that his knowledge of, and a 
complishment in, general chemistry was well measured by tl 
job he did on the examination. 
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Year..... 1947 
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Students 354 161131 
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99 88 99 
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NUCATION 


Ix a recent issue of THIs JouRNAL there appeared an 
article by John Leo Abernethy! that pointed out some 
common errors which have resulted from neglecting 
established rules concerning configurational represen- 
tations. In this article, the problem of the configura- 
tion of tartaric acids is discussed. It is stated, 


Still unsettled for certain chemists is the matter of assignment 
of the p and t prefixes to the tartaric acids. Whereas Wohl 
assigns a D prefix to the levorotatory form, Freudenberg gives 
this same form an t prefix: 


COOH COOH 
H—C_OH 

OOH 


p(levo)-Tartaric acid (Wohl) 
U(levo)-Tartaric acid (Freu- 
denberg) 


L(dextro)-Tartaric acid (Wohl) 
p(dextro)-Tartaric acid (Freu- 
denberg) 


... The Wohl system ought to win out because in his procedure 
the hydroxy] on the bottom asymmetric carbon is to the right for 
the p-antipode, just as in the case of the p- sugars. 


Evidence that the matter is still unsettled is dis- 
played in Rodd’s excellent treatise, “Chemistry of 
Carbon Compounds,” Volume I, Part B (Elsevier 
Publishing Co., Amsterdam, London, New York). 
Qn page 786 the (+)-tartaric acid is given the pb 
prefix, whereas the same prefix is assigned to the (—) 
tartaric acid on page 1249. 

It is desirable to recall the reasoning related to the 
experimental facts that caused Freudenberg to place 
the (+)-tartaric acid in the p- series. Three reasons 
ought to be taken into consideration: 

(1) The two asymmetric carbons of the (+)-tar- 
taric acid (as well as the (—)-tartaric acid) have the 
same configuration. This fact is demonstrated when 
the projection formulas are used through a translation 
and rotation in the plane of one of the two asymmetric 
carbon atoms. 


COOH 
COOH COOH 
boon | 


(2) The removal of asymmetry at one asymmetric 
carbon of the (+)-tartaric acid, through violent re- 
duction, yields (+)-malic acid. The asymmetric 
carbon of this compound has the same configuration as 


‘ ABERNETHY, J. L., J. Cuem. Epvuc., 33, 88 (1956). 
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ASSIGNMENT OF Dd AND Lt PREFIXES TO THE 
TARTARIC ACIDS 


An Unsettled Stereochemical Question 


COSTIN D. NENITZESCU 
Polytechnic Institute, Bucharest, Rumania 


p-glyceraldehyde, as has been shown by Freuden- 


berg.2:3 
COOH COOH 
bon 
H—C—OH —— H—C—OH —— 
| 
CH, 
| 
OOH COOH 
(+)-Tartaric (+ )-Malic 
acid acid 
COOH OOH CHO 
NaOBr 
H—C—OH —— H—C—OH +«+—— H—C—OH 
H, 
‘ON 
Amide of (—)-Glyceric p-Glycer- 
(+ — acid aldehyde 
aci 


Both of the asymmetric carbons in the (+)-tartaric 
acid have, therefore, a p-configuration. 

(3) According to Wohl,‘ a correlation between 
p-glyceraldehyde and (—)-tartaric acid was estab- 
lished, based upon the following well-known reactions: 


COOH CN 
hydrolysis, HCN 
——_— 
n—¢_oH oxidation 
meso-Tartaric 
acid 


CN 
CHO HCN Ho—6—H 


p-Glycer- hydrolysis, 
aldehyde oxidation 


COOH 


HO-¢—H 


boou 
(—)}-Tartaric 
acid 


? FREUDENBERG, K. Ber., 47, 2027 (1914). 
3 FREUDENBERG, K., anp F. Brauns, Ber., 55, 1339 (1922). 
* Wont, A. AnD Fr. Momser, Ber. 50, 455 (1917). 
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This scheme does not contradict Freudenberg’s 
system, but confirms it. In Freudenberg’s scheme the 
—COOH group originates from the —CHO group of 
p-glyceraldehyde; in Wohl’s scheme the —COOH 
group (at the bottom of the molecule) proceeds from 
—CH;OH groups of p-glyceraldehyde. The asym- 
metric carbon contained in the (—)-tartaric acid has 


therefore, the inverse configuration of that in the 
p-glyceraldehyde, since the change of position between 
two substituents of the asymmetric carbon causes the 
change of configuration. It is then more rational to 
write L(—) and p(+)-tartaric acid. An important 
advantage of this convention is that it is in accord with 
the usual convention in the a-amino acid series. 


A SIMPLE KINETIC MODEL FOR SINGLE AND 
CONSECUTIVE FIRST ORDER REACTIONS 


Tue following kinetic scheme 


A —— B 


is commonly found. It may, for example, represent a 
radioactive series in which substance A decays to form 
substance B, which in turn decays to form substance C; 
C may be radioactive or stable. 

If, for instance, N represents the number of atoms of 
a radioactive substance at any time ¢, it can be shown! 
that 


Na = Nave~™! (1) 
and 


Neg = SANA 
B (2) 


where N° is the number of atoms of a radioactive sub- 
stance present at time t = Q; X is the decay constant 
and is related to the half-life, by the equation: \ = 
0.69315/t:,,. If the half-life of A is very long compared 
with that of B, equation (2) may be approximated by 
raN (1 — 
Ns = ( (3) 


1 FRIEDLANDER, G., AND J. W. Kennepy, “Nuclear and Radio- 
chemistry,’ John Wiley and Sons, Inc., New York, 1955, p. 129. 


TO MANOMETER TO MANOMETER 


500 ML. BULB 


| TO PUMP 
Figure 1. Gas-decay Apparatus 


G, three-way stopcock; K, 3-mm. three-way hollow-plug stopcock; S, S’, 
2-mm. straight-bore stopcocks. 
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MILTON KAHN 
University of New Mexico, Albuquerque, New Mexi-o 


It is the purpose of this paper to describe an exp: ri- 
ment whereby the validity of equations (1), (2), and 3). 
can be demonstrated without resorting to radioactive 
materials or actual chemical experimentation. 

Consider the apparatus shown in Figure 1. Stopesock 
K was constructed from a hollow plug, three-way Eck 
and Krebs 3-mm. stopcock. The short bore was 
drilled to expose the entire volume of the plug to the air. 
The long bore and the greater part of the plug was filled 
with Apiezon wax W until a space of only about 1 ml. 
remained in the plug. This volume which corresponds 
to AV in the following discussion is accessible only 
through a hole that marks the original point of exit of 
the short bore. Initially the entire system is filled with 
air at atmospheric pressure. By proper manipulation 
of stockcocks S, S’, and G, sections B and C are evacu- 
ated with A remaining at atmospheric pressure. Sec- 
tion B is then isolated from C by manipulation of 8’. 
It is clear that continued rotation of K in a clockwise 
direction will result in a transfer of air from A to B and 
from B to the pump (C). The manometers were con- 
structed of 2-mm. bore capillary tubing in order to 
minimize the slight change in volume of sections A and 
B as the pressure changed. 

Assuming room temperature to be constant during 
the experiment, it follows that after one 360° rotation 


PaVa = (Pa + APa)(Va + AV) (4) 


where P, is the pressure of air in section A prior to ex- 
posure to the evacuated space AV; V, is the volume of 
A excluding AV; AP, is the change in P,. Because 
AV is small compared with V,, rearrangement of equa- 
tion (4) yields 

APs = —(AV/Va)Pa (5) 


Now in the limit AP, = dP,/dt, if one 360° rotation 
represents an interval of time, dt. Therefore, 


(6) 
Integration of equation (6) yields 


AV 
Pa = P° xe 


(7) 
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Figure 2. Independent Decay in the Gas System 


curve: decay of B. 


where P®, is the pressure in A at time ¢ = 0. In the ex- 
periments described below, twenty-five 360° rotations 
represented an interval of time ¢. 

The similarity between equations (1) and (7) is ap- 
parent. Thus, AV/V, in the gas system is equivalent to 
\, in the radioactive system, and P, corresponds to N,. 
The analogy between AV /V and X can be seen by con- 
sidering that since AV/V < 1, AV/V represents the 
fraction of the gas molecules transferred from volume V 
in one turn. In the case of radioactive decay, \ = 


dN 
~ylN , is the fraction of the number of atoms trans- 


formed per unit time, provided only a small fraction of 
the atoms undergo decay in that interval. Allowing for 
the difference in volumes between A and B, equations 
analogous to (2) and (3) for the gas system become 


AB — Aa 


(8) 


and 


Pp = P°4(1 — e~**) (9) 


respectively. 
EXPERIMENTS 


Independent Decay of A and B. The curves in Figure 
2 represent the results of two independent experiments 
and show that the variation of log P, and log P, with 
time is linear in accordance with equation (7). The 
curve for B was obtained by filling B with air at at- 
mospheric pressure and allowing section A to remain 
open to C during the rotations. The “half-lives” of A 
and B as determined from these curves are 10.0 and 3.61 
units of time, respectively. 

Transient Equilibrium: (d4 < Az or ty, for A greater 
than 4:,, for B.) In this experiment, A was initially 
filled with air at atmospheric pressure and B was 
evacuated. Stopcock K was rotated in a clockwise 
direction and the pressures in A and B at various times 
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Unit of time is twenty-five 360° turns. Uppercurve: decay of A. Lower 


6 8 10 12 
Time 


14 16 18 20 22 24 


Figure 3. Transient Equilibrium in the Gas System 


Unit of time is twenty-five 360° turns. Curve: growth of B from A 
Straight line: independent decay of B. 


were recorded. Figure 3 shows the decay of A and the 
growth of B. The curve which represents the growth of 
B was calculated using equation (8) and the previously 
determined “half-lives” of A and B. The points on this 
curve represent experimental values of the pressure in B 
at the indicated times. 

Secular Equilibrium: (A, < dz or ty, for A is so large 
compared to é:,, for B that virtually no change in A 
occurs during the time observations are being made on 
B.) The curves in Figure 4 show the growth of B from 
“radioactive” parent with a very long half-life, and the 
independent decay of B. The decay curve was deter- 
mined as mentioned previously. The growth curve was 
calculated from equation (9) employing the previously 
determined half-lives of A and B. The points on the 
curve represent experimental values of the pressure in B 
at the indicated times and were obtained as described 
under transient equilibrium with the exception that the 
bulb of section A was removed, exposing A to the at- 
mosphere. 


600 


500 


6 7 8 9 10 11 12 13 14 15 '6 
Time 


Figure 4. Secular Equilibrium in the Gas System 


Unit of time is twenty-five 360° turns. 
the atmosphere. Lower curve: 


Upper curve: 
independent decay of B. 


growth of B from 
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PACIFIC SOUTHWEST ASSOCIATION 


OF CHEMISTRY TEACHERS 


* ASSIGNMENT OF p AND L PREFIXES TO THE 


Tere are many instances in which, although con- 
figurations of molecules are known, the assignment of 
D and t labels is arbitrarily made. Some chemists!? 
regard the dextro and levo tartaric acids to be among 
these. Since dextro tartaric acid* is the only single 
antipode whose absolute configuration has been de- 
termined by direct analysis, and since all other anti- 
podes of knewn configuration are, at present, known 
because of their relationship to this antipode, it is 
rather important that a decision be reached in assigning 
a D or L prefix to this tartaric acid. This is particularly 
true because a host of carbohydrates and their deriva- 
tives have been assigned their p and L prefixes. 

Wohi‘ assigned a p prefix to levo or (—)-tartaric 
acid and an L prefix to dextro or (+)-tartaric acid, 
while Freudenberg’ gave (+)-tartaric acid a p prefix 
and (—)-tartaric acid an L prefix. It is the purpose of 
this paper to consider the basis for preference of the 
Wohl system. Reasons for preferring the method of 
Freudenberg have been presented by Nenitzescu.? 

Oxidation of aldoses can yield dicarboxylic acids 
which were formerly named aldosaccharic acids but 


1 See footnote 19: Noycr, D.8., anp D. B. Denney, J. Am. 
Chem. Soc., 76, 768 (1954). 

2 Nenitzescu, C. D., J. Cuem. Epuc., 34, 147 (1957). 

3 PEERDEMAN, A. F., A. J. vAN BOMMEL, AND J. M. BISvoET, 
Proc. Acad. Sci. Amsterdam, B54, 16 (1951). 
4 Wont, A., AND Fr. MomBeEr, Ber., 50, 455 (1917). 
5 FREUDENBERG, K., Ber., 47, 2027 (1914). — 
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n_—¢_on H—¢_oH 
H— H H—¢_OH 


p-Glucose p-Glucaric acid 


CHO 
HO—C—H 
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TARTARIC ACIDS 


The Wohl Conventions 


JOHN LEO ABERNETHY 
Fresno State College, Fresno, California 


are now called aldaric acids.6 Any aldose of the 
D series would form a p-aldaric acid, whose name would 
be derived from this aldose by dropping the “ose” 
suffix and adding “‘aric.”’ 


CHO COOH 
(¢HOH [O] (GHOH). 
H—C—OH H— H 
H,OH OOH 
p-Aldose p-Aldaric acid 


The aldose is given a D prefix because the bottom asym- 
metric carbon atom has its hydroxyl projected to the 
right, when the aldehyde group is at the top of the 
chain. This aldaric acid is assigned a D prefix because 
it has the hydroxyl on the bottom asymmetric carbon 
to the right, when the top carboxyl is thought to be 
derived from the aldehyde group of the aldose. p- 
Glucose, for example, yields p-glucaric acid. This 
same pD-glucaric acid can also be named L-gularic acid. 
Rotation of p-glucaric acid through 180° in the plane 
of the paper makes evident the possibility of an L prefix 
for the configuration of the molecule. When the 
hydroxyl on the bottom asymmetric carbon is to the left, 
the molecule is assigned an L prefix but with the 
name of the aldaric acid whose tep carboxyl would be 
obtained from oxidation of the aldehyde group of the 
corresponding aldose, namely L-gulose. 


® Chem. Eng. News, 31, 1781 (1953). 


COOH 
Ho—G_H 
H —H 


t-Gularic acid L-Gulose 


[0] 


Same molecule; same configuration; 
different p and prefixes 
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acid on appropriate oxidation. 


CHO COOH 
Ho—b_H [O] 


H.OH boou 
p-Threose p-Threaric acid 


It is obvious that p-threaric acid is the levo or (—)- 
tartaric acid. It would be logical to call p-threaric 
acid p-tartaric acid, not L-tartaric acid; all p-aldaric 
acids are assigned a D prefix to the aldose-derived name, 
based on the fact that the hydroxy] on the bottom asym- 
metric carbon is to the right when the aldehyde 
group of the corresponding aldose is at the top of the 
chain. Of course in the instance of meso aldaric acids, 
no D or L prefix is required. 

To argue that (+)-tartaric acid should be provided 
a D prefix, merely because drastic reduction of it forms 
the malic acid isomer that is given a D prefix, is super- 
ficial. Some attach a pb prefix to levo or (—)-sec- 
butyl alcohol, whose absolute configuration is known.’ 
The relationship between so-called p-malic acid and 
L-sec-butyl alcohol can be seen by changing the car- 
boxyl groups to methyl groups. 


COOH 
n—G_oH 
HO-¢_H 


OOH 
dextro-Tartaric acid 
COOH COOH CH; CH; 
or én, or H_G_OH 
Ho-¢_H Ho—-¢_H 
boox bn, du, 


p-Malic acid L-sec-Buty] alcohol 

As yet there is no hard and fast rule that necessitates 
assignment of the p-prefix to levo-sec-butyl alcohol. 
There probably ought to be consistency between the 
D and L assignments for the malic acids and the sec- 
butyl alcohols. 

It is rather unsatisfactory to state that a p prefix 
should be given to dextro-tartaric acid, since this is in 
accord with the nomenclature rules for amino acids. 
The rules for amino acids are essentially® independent 


7 ABERNETHY, J. L., J. Coem. Epuc., 33, 88 (1956). 
’ Chem. Eng. News, 25, 1364 (1947). 


By the same reasoning, p-threose yields p-threaric 


of the rules for carbohydrates because the former are 
generally related to the asymmetric carbon at the top 
of the chain and next to the carboxyl group, while the 
latter are concerned with the bottom asymmetric carbon 
when the aldehyde group is at the top of the chain. 
The tartaric acids are certainly more like the carbo- 
hydrates than the amino acids. Indeed, they can be 
named as aldaric acids; hence they are close relatives 
of the aldoses, more specifically the aldotetroses. Thus, 
they are either erythraric acid or p- and L-threaric acids. 
It is confusing to name p-threaric acid L-tartaric acid. 
As a matter of fact, it has been pointed out that there 
is confusion concerning the threonine antipode isolated 
from proteins. This has been named p(—)-threonine by 
Rose,® in order to emphasize its close configurational 
relationship to p-threose. 


CHO COOH 


bu, 


p-Threose Natural threonine 
from proteins 


Nomenclature rules for amino acids’ would specify 
that this threonine antipode could be called p,-threo- 
nine, if the prefix is used in the carbohydrate sense, 
and t,-threonine if used in the amino acid sense. 
The system employed by Rose is contrary to the rule 
applied generally to amino acids that an unmodified 
L prefix has reference to the configuration of the amino 
group on the asymmetric carbon adjacent to the car- 
boxyl group; the amino group is to the left, when the 
carboxyl is at the top of the chain. This point of 
confusion, as well as that pertaining to the tartaric 
acids, shows the importance of keeping the amino acid 
rules as mutually independent of the carbohydrate 
rules as possible with regard to the unmodified p and 
L letters. It would certainly seem wise to refer to 
dextro-tartaric acid as L-tartaric acid and natural 
threonine from proteins as t-threonine. It is to be 
hoped that the committees on carbohydrate and amino 
acid nomenclature will come to decisions with respect 
to these two situations. Perhaps a name other than 
threonine could be employed for this amino acid. 
The derivation of the name threonine from threose 
leads to the confusion of the p and L prefixes because 
the rule for amino acids has reference to the top asym- 
metric carbon adjacent to the carboxyl, and the rule for 
carbohydrates has reference to the bottom asymmetric 
carbon when the aldehyde group is at the top of the 
chain. 


® Ross, W. C., J. Biol. Chem., 115, 72 (1936). 
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287th MEETING 


The 287th meeting of the New England Association 
of Chemistry Teachers was held at Keene Teachers 
College, Keene, New Hampshire, on Saturday, Oc- 
tober 13, 1956. The autumn meeting in the Northern 
Division is always a delightful one for travel by auto- 
mobile because the fall colorings of the sugar maples, 
oaks, and beeches are at their best. The hospitality 
of our New Hampshire hosts is also proverbial and this 
year’s meeting was no exception. In addition, Edwin 
Betz of Keene Teachers College had arranged a program 
of especially interesting speakers. Professor John H. 
Wolfenden of Dartmouth College reminded us of the 
“Role of chance in chemical discovery.”” Among 
other fascinating glimpses of scientists at work, he 
revealed the impact of laboratory cupboards on French 
science—in three noteworthy instances important 
discoveries resulted from the secluding of an item in a 
cupboard for a period of time. The most noteworthy, 
of course, is the discovery of radioactivity by Bec- 
querel. Professor Alexander R. Amell of the Univer- 
sity of New Hampshire gave a clear picture of “Uses 
of carbon-14 as a tracer in chemical experiments.” 
After explaining the mechanism of formation of C-14 
in the atmosphere and in nuclear reactors, he elab- 
orated many of its uses including the important ap- 
plication in age-determinations, photosynthesis studies, 
body synthesis of cholesterol, and the oxo-process for 
the synthesis of alcohols. In the afternoon Dr. Paul 
M. Goodloe, Assistant Technical Director of the 
Brown Company, Berlin, New Hampshire, reviewed 
the place of chemistry in his company’s operations. 
Using a set of slides prepared especially for the meet- 
ing, Dr. Goodloe was able to present an absorbing 
account of the production of pulp and: paper products 
as currently done in northern New England. 

The business meeting was called to order at one- 
fifteen in the afternoon by President Marco H. Scheer. 
The secretary, speaking for the membership com- 
mittee, reported that two teachers had been elected 
to membership: 


James F. Hanley, Windsor High School, Windsor, Connecticut. 

Mary C. Rogers, Rogers High School, Newport, Rhode Island. 

Donald S. Harmond, Island Falls High School, Island Falls, 
Maine. 


President Scheer announced the appointment of the 
following to NEACT committees: 


152 


Chemical Education Committee 


Sr. Ernestine Marie, Chairman, Ryan Memorial High School, 
Boston, Massachusetts. 

Howard I. Wagner, Laconia High School, Laconia, New 
Hampshire. 

Anna J. Harrison, Mt. Holyoke College, South Hadley, Massa- 
chusetts. 

Ina M. Granara, Simmons College, Boston, Massachusetts. 

Eleanor M. Tucker, Abbott Academy, Andover, Massachusetts. 


Industry and Education Committee 


Stephen S. Winter, Co-chairman, Northeastern University, Bos- 
ton, Massachusetts. 

Austin 8. Kibbee, Jr., Co-chairman, Lewiston High School, Lewis- 
ton, Maine. 

Norman G. Mills, Wachuset Regional High School, Holden, 
Massachusetts. 

Standish Deake, Milton Academy, Milton, Massachusetts. 

Donald C. Gregg, University of Vermont, Burlington, Vermont. 

E. Harold Coburn, Bulkeley High School, Hartford, Connecticut. 

Theodore T. Galkowski, Providence College, Providence, Rhode 
Island. 


Student Membership Committee 


Seward E. Beacom, Chairman, Teachers Collegeof Connecticut, 
New Britain, Connecticut. 

Laurence S. Foster, Ordnance Materials Research Office, Water- 
town Arsenal, Watertown, Massachusetts. 

Oliver L. I. Brown, Connecticut College for Women, New Lon- 
don, Connecticut. 

Arthur A. Vernon, Northeastern University, Boston, Massachu- 
* setts. 

Sr. M. Louis-Pierre, Rivier College, Nashua, New Hampshire. 


Guy M. Burrill, of Keene High School, invited 
members to go on an afternoon tour of inspection 
through his newly renovated student chemical labora- 
tories. 

Elizabeth W. Sawyer was delegated to represent the 
Association at the meeting of the planning committee 
for a Northeastern Regional Conference of the National 
Science Teachers Association in Hartford, Connecticut. 
October 18 and 19, 1957. 


Change in Meeting Schedule 


At a meeting of the Executive Committee, it was 
voted to hold the annual meeting at Attleboro [igh 
School, Attleboro, Massachusetts. Everett fF. 
Learnard, chairman of the Central Division, will be in 
charge of arrangements. 


288th MEETING 


The 288th meeting of the Association was held 0 
December 8, 1956, at the Charles River campus 0 
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Boston University. It was held in conjunction with 
the meeting of the Association of New England Colleges 
and Secondary Schools, and jointly in the morning with 
the Eastern Association of Physics Teachers and the 
New England Biological Association, and in the after- 
noon with the Association of Teachers of Mathematics 
in New England. The speakers were chosen because 
their specialties were broader than a single discipline 
and their topics of interest to all science teachers. 

Professor Kenneth Thiman of Harvard University 
reviewed the important topic of photosynthesis from 
the biological, physical, and chemical viewpoints and 
gave a brilliant synthesis of current knowledge about 
this process. Professor Royal Frye of Simmons Col- 
lege reported on important milestones in science in 
recent months, speaking from brief news items that 
have appeared in recent press releases. Professor 
Klaas Eriks of Boston University told how one finally 
laboriously arrives at the crystal structure model of a 
substance, starting with X-ray diffraction and com- 
plementary data. Few in the audience had previously 
appreciated the tedious computations that are involved 
and from Dr. Eriks’ description one could see how 
welcome automatic computers would be. Dr. John R. 
Mayor of the University of Wisconsin, representing the 
American Association for the Advancement of Science, 
spoke on ‘New forces in American education.” He 
elaborated on the national concern about the increasing 
shortages of scientifically trained people and the 
efforts being made in various directions to alleviate 
the problem. One of the significant developments is 
the support of teacher training programs by the Na- 
tional Science Foundation as a result of a greatly in- 
creased appropriation for the current fiscal year. 

President Marco H. Scheer presided at a brief busi- 
ness meeting of the Association. The following have 
joined the Association since the last meeting: 


Mrs. Isabel Belluscio, Teacher of Chemistry, West Lebanon High 
School, West Lebanon, New Hampshire. 

Francis A. Carbone, Teacher of Chemistry, Fitchburg High School, 
Fitchburg, Massachusetts. 

Douglas A. Carter, Teacher of Chemistry, The Loomis School, 
Windsor, Connecticut. 

William V. Clarke, Head of Departments cf Mathematics and 
Science, Uxbridge High School, Uxbridge, Massachusetts. 

Warren A. Colson, Teacher of Chemistry, Natick High School, 
Natick, Massachusetts. 

Nicholas J. Evangelos, Teacher of Chemistry, Brooks School, 
North Andover, Massachusetts. 

John D. FitzGibbons, Teacher of Physics, North Syracuse Cen- 
tral High School, North Syracuse, New York. 

Eleanor M. Gleason, Science Teacher, Weaver High School, 
Hartford, Connecticut. 

Burton Goldman, Department of Chemistry, Newton High 
School, Newton, Massachusetts. 

Samuel Greenwald, Department of Chemistry, Holten High 
School, Danvers, Massachusetts. 

Roy J. Gritter, Instructor in Chemistry, University of Connecti- 
cut, Storrs, Connecticut. 

Helen Johnston, Assistant Professor of Chemistry, Hunter Col- 
lege, New York City, New York. 

Harold L. Knights, Teacher of Chemistry and Physics, North 
Attleboro High School, North Attleboro, Massachusetts. 

James E. Koken, Associate Professor of Chemistry and Chair- 
man, Department of Chemistry, Millersville State Teachers 
College, Millersville, Pennsylvania. ° 

Louis I. Kuslan, Associate Professor of Physical Science, New 
Haven State Teachers College, New Haven, Connecticut. 

Deborah E. Marks, Senior at Tufts University, Medford, Massa- 
chusetts. (Miss Marks is the first student member elected under 
the new article in the Constitution). 
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Norbert L. Matteson, Science Teacher, Weaver High School, 
Hartford, Connecticut. 

Robert R. Palson, Instructor in Chemistry, Assumption Prepara- 
tory School, Worcester, Massachusetts. 
Conrad E. Ronneberg, Professor of Chemistry, Chairman, De- 
partment of Chemistry, Denison University, Granville, Ohio. 
Norman H. Sasseville, Assistant Professor, Bradford Durfee 
Technical Institute, Fall River, Massachusetts. 

Sr. Mary Claver, R.S.M., Teacher of Chemistry, St. Mary’s 
Academy, Riverside, Rhode Island. 

Edgar E. Stinson, Assistant Professor, Massachusetts College of 
Pharmacy, Boston, Massachusetts. 

Donald B. Summers, Teacher of Chemistry, Columbia High 
School, Maplewood, New Jersey. : 

Jean Pamela Tinker, Instructor in Chemistry, Abbott Academy, 
Andover, Massachusetts. 

M. Kent Wilson, Chairman, Department of Chemistry, Tufts 
University, Medford, Massachusetts. 


MINIMUM SYLLABUS FOR SECONDARY SCHOOL 
CHEMISTRY! 


Maurice M. Whitten, Chairman of the Committee on 
the Revision of the Chemistry Syllabus, made the final 
report of his committee. It was accepted as read. 
Mr. Ralph Brierley, Cranston High Schoool, recom- 
mended that copies of the revised chemistry syllabus 
be sent by the NEACT to all high-school principals in 
New England. The revisions recommended are minor 
and are given in full herewith: 


It is recommended that the NEACT Minimum Syllabus be re- 
vised by: 

(1) Deleting from Part I, Section E, the Frasch Process and the 
Solvay Process; 

(2) In Part II, Section A, Item 3, it should state specifically 
that “the treatment of the Gas Laws should be quantitative.’’ 

(3) Nucleonics should be removed from Supplementary Topics 
and should become Part II, Section E. It should read: ‘‘Nucleon- 
ics: radioactivity, isotopes, agents of transmutation, fission and 
fusion.” 

There are several general recommendations that I, as Chair- 
man, should like to make: 

(1) The Secretary of the Association should keep copies of the 
Syllabus on hand. New members joining the Association might 
be informed that a copy is available, if they want one. 

(2) The Chairman of the Chemistry Education Committee 
should attempt to obtain copies of any new syllabi, issued by a 
state or city. Possibly once a year any new developments 
might be brought to the attention of the Association. 

(3) Every three to five years there should be a periodic review 
of the Minimum Syllabus. 

(4) The Chemistry Education Committee should determine 
whether there is a sufficient interest among members to warrant 
preparing a list of basic experiments to accompany the Minimum 
Syllabus. 

Respectfully submitted, 
Maurice M. Wuitten, Chairman 


Everett F. Learnard, Norwood High School, re- 
ported that following a resolution proposed jointly by 
the three New England science teacher associations, the 
Massachusetts State Department of Education has set 
up a Committee on Science Teaching. 

President Scheer announced the appointment of the 
following to the Necrology Committee: 8. Walter Hoyt, 
Belmont, Massachusetts, for three years; Helen W. 
Crawley, Natick High School, for 2 years; and Carl P. 
Swinnerton, Pomfret School, for 1 year. Mr. Hoyt 
continues as chairman. 


Nineteenth Summer Conference Committee, 1956-57 


The Nineteenth Summer Conference will be held at 
Colby College, Waterville, Maine, from August 19 to 


1 J. Cuem. Epuc., 16, 46 (1939); 27, 46 (1950). 
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24, 1957. The committee appointed is comprised of 
the following members: 


Maurice M. Whitten, Co-chairman for Arrangements, Gorham 
State College, Gorham, Maine. 

Stanley C. Bunce, Co-chairman for Program, Rensselaer Poly- 
technic Institute, Troy, New York. 

Evans B. Reid, Representative of Host Institution, Colby College, 
Waterville, Maine. 

Ralph P. Seward, Registrar-Treasurer; Mrs. Lucy B. Seward, 
Assistant, Pennsylvania State University, University Park, 
Pennsylvania. 

Elizabeth A. Quinn, Assistant Registrar-Treasurer, Stamford High 
School, Stamford, Connecticut. 

Mrs. Maryalice Moore, Secretary, Department of Chemistry, 
Stonehill College, North Easton, Massachusetts. 

Harry C. Stubbs, Hospitality Chairman, Milton Academy, Mil- 
ton, Massachusetts. (Also, assistant to Mr. Whitten on ar- 
rangements. ) 

Marguerite J. Houlihan, Publicity Chairman, Lincoln junior High 
School, Medford, Massachusetts. 

Leonard F. Foley, Publicity, Central High School, Manchester, 
New Hampshire. 

William B. McIlwaine, Motion Picture Chairman, B.M.C. Durfee 
High School, Fall River, Massachusetts. 

Rev. James W. Hackett, O.P., Motion Pictures, Providence Col- 
lege, Providence, Rhode Island. 

Arnold J. Currier, Program, Lycoming College, Williamsport, 
Pennsylvania. 

Samuel Madras, Program, Sir George Williams College, Mon- 
treal, Quebec, Canada. 

Martha Dunbar, Social Commitiee Chairman, Centenary College, 
Hackettstown, New Jersey. 

Mrs. Ruth L. Craig, Social, Gloversville High School, Glovers- 
ville, New York. 


Virginia R. Carroll, Social, Holy Cross Academy, Brookline, 
Massachusetts. 

Mrs. Isabelle W. Betz, Social, Whitefield High School, White- 
field, New Hampshire. 

Mr. and Mrs. George E. Zink, Social, Groton School, Groton, 
Massachusetts. 

Charles E. Vose, Excursion and Picnic Chairman, Brattleboro 
High School, Brattleboro, Vermont. 

Norman W. Lafayette, Exhibits Chairman, Hamden High School, 
Hamden, Connecticut. 

Robert L. Harlow, Exhibits, Bangor High School, Bangor, Maine. 

Mrs. David L. Davidson, Guest Activities Chairman, Arlington, 
Massachusetts. 

Mrs. Lorne F. Lea, Guest Activities, St. Paul’s School, Concord, 
New Hampshire. 


Stephen S. Winter, Northeastern University, as 
chairman of the Committee on a Clearing House for 
Summer Employment presented a report on the ac- 
tivities of his committee to the Executive Committee. 
This was accepted with the recommendation that it be 
given suitable publicity. This summer the committee 
will again pursue its work (under the new name of the 
Industry and Education Committee) with Dr. Winter 
continuing as chairman. 

The Executive Committee has accomplished a re- 
vision of the By-Laws, stimulated by the amendment 
to the Constitution which establishes a new category of 
student members. 


JoserpH A. Martus, 8.J. 
Secretary 


In THE iodometric standardization of sodium thio- 
sulfate by potassium dichromate in the customary 
way, the iodo-starch blue color may recur soon after 
reaching the end point. This result is attributed to 
the catalytic effect exerted by the Crt* ion (formed 
from the reduced dichromate) on the air-oxidation of 
hydriodic acid to produce more iodine.!_ The following 
procedure was found to eliminate this interference with 
the true end point. 

A. I. Vogel’s procedure was mainly followed by 
the writers, using 10 ml. of 4 N sulfuric acid to acidify 
the reaction mixture of dichromate and potassium io- 
dide and without diluting the solution at any stage. 
After the dichromate was completely reduced by the 
potassium iodide in the dark, and before the thio- 


IMPROVED IODOMETRIC END POINT IN THE PRESENCE OF Cr+? 


ARCOT VISWANATHAN and SANKARANARAYANA 
GIREESAN 


Loyola College, Madras, India 


sulfate was run in, 10 ml. of 20% solution of pure 
tartaric acid were added. Satisfactory titre values 
were obtained in the experiments that were carried out. 
In the presence of tartaric acid, the iodo-starch blue 
color was not restored even after an hour’s standing of 
the solution after the end point was once obtained. 

Glycerol, citric acid, and mannitol also functioned 
like tartaric acid. Preliminary experiments showed 
that these reagents did not consume any free iodine 
under the conditions of titration. It may be men- 
tioned that these polyhydroxy compounds are known 
to exert a complexing effect on the Crt? ion.? 

The authors are thankful to Professor Lourdu M. 
Yeddanapalli, S.J. for his keen interest in the work 
and for facilities provided. 


1Vocet, A. I., “A Text-Book of Quantitative Inorganic 
Analysis,’ 2nd ed., Longmans, Green and Co., New York, 1951, 
p. 336. ‘ 
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2 A. I., Text-Book of Qualitative Chemical Analy- 
sis,’ Longmans, Green and Co., New York, 1947, pp. 191 and 
195. 
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To the Editor: 


The recent articles by K. J. Mysels (Tuts JouRNAL 
33, 178 (1956) and E. A. Guggenheim (Jbid., 33, 544 
(1956)) prompt me to write that the textbook, ‘‘Gen- 
eral College Chemistry,” by F. Brescia (1) very defi- 
nitely separates the subject of reaction rates from 
chemical equilibrium; (2) uses kinetic data for the 
reaction 2N,O; — 4NO, + O:2 to show the rate is pro- 
portional to the concentration of N.O; raised to the 
first power; (3) states “... these concentration ex- 
ponents cannot be predicted from the overall chemical 
equation; they are determined from an experimental 
study of the reaction rate”; (4) does not derive the 
quantitative expression for the equilibrium constant 
from rate equations. 


FRANK BRESCIA 
Crry CoLLEGE or New YorkK 
New York, N. Y. 


To the Editor: 


I wish to bring to your notice the indiscriminate use 
to which silica crucibles are put in various gravimetric 
experiments. Previously porcelain crucibles were used 
in our laboratory (intermediate laboratory) for the 
determination of equivalent weight of magnesium by 
direct oxidation, for the determination of percentage 
loss on heating the given substance, etc. But this 
year we ordered four silica crucibles and got them in 
July, 1956. The silica crucibles were used last week 
for the determination of the equivalent weight of 
magnesium. After the experiment was over the 
attendant poured out the magnesium oxide. In 
order to clean the adhering ash he added HCl to the 
crucibles. At once a slight crackling noise along with 
the evolution of a spontaneously inflammable gas took 
place. So it is evident that magnesium reacted with 
SiO. to form magnesium silicide. When this was 
treated with (dilute) HCl it yielded a mixture of spon- 
taneously inflammable silicon hydride: MgSi + 
= 2MgCl. + SiHy. It burnt with a luminous 
ame. 

So I wish to bring to the notice of chemistry lecturers 
through your Journal that silicon crucibles should not 
be used with magnesium or calcium as some of the 
metal reacts with the silicon to form the silicide. 


K. R. Krisuna Sastry 


G. A. CoLLEGE 
Cuppapan, ANpHRa Stare, INpIA 


To the Editor: 


I do not believe that qualitative analysis should be 
integrated with general chemistry (as discussed at the 
Atlantic City A. C. 8. meeting and reported in Chemical 
and Engineering News, 34, 4791 (1956)). In “Qual” 
the fledgling chemist learns to correlate his knowledge 
of general chemistry. Two personal experiences can 
serve as arguments for this point of view. 

During the years when I was a laboratory chemist, 
I was occasionally reprimanded for having “changed 
the method.”’ One such accuser was unaware of the 
chemistry underlying the specified procedure for 
determining mercaptan sulfur in a fuel. It involved 
a corrective back-titration with silver nitrate of the 
erroneous (but anticipated) over-back-titration with 
potassium thiocyanate. The other experience in- 
volves the ludicrous interpretation given the instruc- 
tions by a technician. They were to “boil 25-30 
seconds to expel SO. from an acid solution.” The 
boiling time was regulated with a stop-watch! 

No, qualitative analysis should not be relegated to a 
minor role. It should be supplemented by courses in 
quantitative analysis and an optional course in tech- 
nical analysis. 


LAWRENCE P. SHEVACH 
1595 Park PLAcE 
BrRooKLYN, New YORK 


To the Editor: 


I have just read the “Editor’s Outlook” in the 
November issue of the JouRNAL or CHEMICAL Epvuca- 
TION and agree with much you have said. Not all the 
good training, however, is provided by small liberal 
arts colleges, nor are all the large state schools and 
their chemistry departments neglecting these respon- 
sibilities. The Department of Chemistry of the 
University of Texas is active in two areas of teacher 
education—the training of teachers through revised 
and modernized degree programs in the College of 
Arts and Sciences and through an active summer pro- 
gram for high-school teachers. 

A recently enacted state law of Texas makes teacher 
certification the responsibility of the whole university. 
This certification is based on approved degree programs. 
The College of Arts and Sciences, through its Committee 
on Relations with Public Schools, has taken this op- 
portunity to develop course programs which permit the 
student to receive a B.A. degree from the college and 
also teacher certification. The students receive the 
liberal education of our B.A. degree, the pedogogy of 
the College of Education, and subject matter training 
from specialists in specific fields of interest. 

At present the various degree programs within the 
College of Arts and Sciences are based on existing 
courses. We are now actively exploring the possibility 
of new courses being designed specifically for the 
secondary school teacher, taught by Arts and Science 
faculty, but having a listing in the College of Education 
as well. This will help relieve the burden of 24 hours 
required in Education courses. We also plan te assist 
in practice teaching. 
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The chemistry department is active in the Summer 
Texas Science-Mathematics Teaching Center. Pro- 
fessor R. C. Anderson is general chairman of the plan- 
ning committee and also offers a course on funda- 
mentals of modern chemistry for teachers. 
Eakin, Associate Professor of Chemistry, gave a general 
chemistry course for about 25 selected high-school 
seniors (between their junior and senior years) who had 
excelled in high-school chemistry. This experimental 


teachers. 


R. E. grant. 


course was financed by the Ford Foundation and was 
designed to keep superior students interested in chem- 


istry. The university has received a National Science 
Foundation grant which will permit about 50 high- 


GENERAL CHEMISTRY: 
A LABORATORY MANUAL 
OF SEMI-MICRO METHODS 


John F. Baxter, Professor of Chemistry, 
The University of Florida. Burgess Pub- 
lishing Co., Minneapolis, 1956. ix + 
129 pp. 21 X 27.5 cm. Paper bound. 
$3.50. 


THIs manual was written expressly for 
the author’s own course. Instead of 
drawings of apparatus, one finds, “Set 
up an apparatus like the sample appara- 
tus on the stock shelf.” It is written, 
however, in such a manner and the experi- 
ments are so chosen that anyone would 
find it readily adaptable. The existence 
of so few manuals for semimicro general 
chemistry experimentation makes it 
worthy of note by all who attempt this 
type of instruction. However, the semi- 
micro character does not stand out. It 
could just as easily be used by those not 
having changed to semimicro methods. 
There are 19 assignments for a two-semes- 
ter course with one three-hour laboratory 
period each week. Initial instructions 
are given to the student in some detail, 
with an emphasis on technique and 
safety. 

The author believes firmly that it is 
better to do a few things well and i: 
depth, rather than to attempt such 2 
wide coverage as is usually attempted. 
In accordance with this, many of the ex- 
periments are quantitative or else illus- 
trative of theory. Much of the first 
semester’s assignment is in the area of 
acid-base relationship and equilibrium 
theory. The second semester continues 
in this vein with applications to qualita- 
tive analysis. This work, however, is 
not intended to be a regular course in 
qualitative analysis. Only a limited 
number of cations and anions are studied. 
The student is expected to use a good 
deal of initiative in developing his own 
analytical scheme in the light of previous 
observations and theory. Oxidation-re- 
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duction and complex ion behavior are 
included. The manual closes with an 
assignment on the chemistry of the 
halogens. But even here it is not the 
usual preparative and descriptive type of 
experiment. Rather, the author once 
more puts to work principles of oxidation 
and of complex ions. 


GLEN R. MILLER 
GosHEN COLLEGE 
GosHEN, INDIANA 


LABORATORY STUDIES IN GENERAL 
CHEMISTRY 


William F. Ehret, New York University, 
New York. Second edition, the Century 
Series. | Appleton-Century-Crofts, Inc., 
New York, 1955. viii + 295 pp. 36 
figs. 21.5 X 28 cm. Paper bound. 
$2.75. 


Tue second edition of this popular 

laboratory manual maintains the basic 
approach of the first edition but repre- 
sents a drastic revision in content stim- 
ulated by recent developments in chem- 
istry and by the experience of the inter- 
vening years. 
. This manual contains fifty-one experi- 
ments and ten appendixes. About eight 
experiments might be classified as inor- 
ganic preparations, about nine deal with 
analytical chemistry, approximately nine- 
teen with what might be termed “‘chem- 
ical principles.’’ The remaining are de- 
scriptive inorganic material. Greater em- 
phasis has been placed on the critical 
evaluation of experimental results, and 
the use of “unknowns’’ has been con- 
tinued. The appendixes include “much 
information of general value to the stu- 
‘dent as he proceeds with the course,’ 
such as exponential notation, significant 
figures, and the use of logarithms. 

Of interest to instructors is the sub- 
division of experiments into units of 
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school science teachers to spend an academic year at 
the university. The chemistry department plans to 
offer two, and possibly three, special courses for these 
Professor Anderson is general director of the 


What is happening at the University of Texas in 
teacher education is probably not an isolated case. 
It is easier and more exciting to view with alarm than to 
point with pride. — 


Lewis F. Hatcu 


Tue UNIVERSITY OF TEXAS 
Austin, TEXAS 


operation which make assigning parts of 
experiments easier. Moreover, the size 
of apparatus, quantity, and number of 
chemicals consumed has been materially 
reduced. Most of the questions and 
problems appended to the experiments 
are new. 

A double-column format, many more 
illustrations, and single report sheets for 
each experiment are features of the 
second edition. 

This manual represents a solid, con- 
ventional approach to general chemistry 
laboratory instruction and reflects the 
experience derived from training many 
thousands of students. 


WILLIAM T. LIPPINCOTT 
MicuiGan StaTe UNIVERSITY 
East Lansine, 


GENERAL CHEMISTRY 


J. A. Timm, Professor of Chemistry, 
Simmons College. Third edition. Mc- 
Graw-Hill Book Co., Inc., New York, 
1956. viii + 636 pp. Figs. and tables. 
16.5 X 23.5 cm. $6. 


Tuis is the third edition of a popular 
textbook by Professor Timm. Most read- 
ers will applaud his success in trimming 
the number of chapters and pages. This 
is, indeed, a rare accomplishment. It is 
probably the one exception that was 
needed to prove the rule that revisions 
are always bigger and “better.” 

The author has attempted a conver- 
sational style and is fairly successful in the 
theoretical discussions. Descriptive sec- 
tions, however, tend to be reminiscent of 
the reference book. There are chapters 
where some users would wish for less 
descriptive detail and more structural 
enlightenment. 

Instructors seeking a stimulating ‘resh 
approach are going to be disappointed. 
This author is yielding ground slowly, 
fighting a delaying action all the way. 
(Continued on page A124) 
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Tuts month we want to have a conversation with you 
students who are trying to answer the question, ““What 
will be my career?”’ Some of you are in school, some 
in college. Your ages differ, but your queries are 
similar. We who have found our careers in chemistry 
would like to guide your thinking by suggesting some 
questions and answers. 

“What is chemistry? What will I do if I become a 
chemist?” These are the questions you are asking 
which deserve direct and personal answers. Choosing 
a career involves the most important decision you will 
ever make. You are entitled to a big look from as 
many angles as possible. Remember that no single 
view can ever show all the details. 

“What is chemistry?” Chemistry is a science. 
Chemistry is the country’s biggest industry. Chem- 
istry is an insurance policy for the future of civilization. 
Moreover, for you who have a life to live, chemistry is 
a profession. 

These sound like definitions, but your questions still 
come. You have every right to think in personal 
terms. You ask, “How do I know if I would enjoy 
being a chemist, and what chance have I of being a 
successful chemist?” Words like science, industry, 
and profession need more than a dictionary definition. 
You want to know what they mean in terms of EM 
a satisfying and productive life. 


If curiosity is a way of living for you, and if you back 
it up with a mental tidiness that is dissatisfied with 
loose-end ideas, probably you will be a successful 
chemist. Further, if you enjoy figuring things out 
more than “just learning” and like to work with your 
hands, you will enjoy being a chemist. 


If you want to be a shaggy recluse, working in a 
smelly laboratory, you will have trouble finding a 
place in chemical industry. Every position in the 
development or: production divisions of an industry 
demands a skill in working with people. Even the 
secluded researcher is becoming extinct. In his place 
are teams of men who bring a wide range of experience 
and training to the attack on today’s research problems. 
A career in research can be built on the essential per- 
sonal qualities of initiative and perseverance, com- 
plemented by the ability to cooperate with others. 

The work being done by chemists is far more varied 
now than two decades ago. Chemical industry has an 
increasing diversity of important positions for those 


who prefer other than laboratory or production jobs. 
Training in chemistry can open doors bearing such 
titles as: market research, patent law, technical sales, 
information service, and personnel. Women especially 
can build attractive careers from non-laboratory posi- 
tions in literature searching, report writing, editing, 
and technical librarian work. 

We hope this emphasis on the diversity of possible 
careers will help overcome the misconception that the 
only career in chemistry is as a chemical engineer. 
Equally untrue is an idea some of you may have that 
the only alternative to being a research genius is doing 
boring routine analytical work. To be sure, instru- 
ments do much of this kind of work. Automation, 


however, does not eliminate jobs; it elevates them. 
More and more, the chemist who is responsible for 
analytical work is expected to be creative; he is hired 


for his brains and not just for his hands. 

We would be untrue to our own convictions if we 
did not make a special point about the attractiveness 
of chemical education as a fascinating combination 
of two careers. Chemistry teachers in both high 
school and college are professional chemists too. 
Theirs is the dual enthusiasm of helping minds to grow 
and science to advance. 

Defining chemistry as a profession means that you 
will invest your life rather than merely take a job. 
You will look for more than a pay check. You will 
find work about which you can be enthusiastic and 
will feel that what you are doing is important. You 
will find that your work will carry with it obligations 
as part of its rewards. 

A career in chemistry will allow you to help make it 
possible, literally, for future generations to have a 
civilization. The guiding principle by which science 
now provides the technology for modern living is 
conservation rather than exploitation. Chemistry 
makes possible the conversion and utilization of abun- 
dant resources in place of those considered more 
strategic because of their limited supply. The energy 
appetite of future civilization cannot be satisfied by 
fossil fuels. Clearing the way for the use of nuclear 
energy tomorrow and solar energy the day after to- 
morrow requires the solving of thousands of chemical 
problems. 

Take a good look at chemistry. It has a lot to offer 
as a career if you are looking for big returns on the 
investment of a life. 
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Isocyanares (R—N—C=0O) are as old as the field of 
organic chemistry. Wurtz (1) synthesized the first 
isocyanate in 1849, Hofmann (2), the first aromatic 
member of the series in 1850. This early work also 
disclosed their reactions with water, amines, and alco- 
hols as well as the formation of dimers and trimers. 
In subsequent years these compounds were not entirely 
neglected, but intensive study of isocyanate chemistry 
did not begin until their potential importance in the 
polymer field was recognized. 

The knowledge that certain basic raw materials such 
as cellulose, rubber, wool, silk, and proteins are poly- 
mers served as the foundation for a new chemical era. 
Chemists visualized the potentialities of synthetic high 
polymers designed to overcome inherent limitations of 
the natural materials. The search began for quantita- 
tive reactions, which could be used for the preparation 
of high polymers, and for the necessary pure, bifunc- 
tional intermediates. This research resulted in the de- 
velopment of such well-known products as the poly- 
olefin elastomers and plastics, the polyamide and poly- 
ester fibers and plastics, the phenol- and urea-formal- 
dehyde resins. It also focused attention upon the 
versatile isocyanate family not only as polymer inter- 


RNHCNHR= + IR“C-bO 


iit 
RICNHR + CO-R'COCNHR RNHCOSO3H=RNHSO3H +CO2 
RNHCCI 
R'COH 
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RNHCNHR+ CO2 
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NCO —_R'SH_, R'sCNHR 
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ORGANIC ISOCYANATES—VERSATILE 
CHEMICAL INTERMEDIATES 


R. G. ARNOLD, J. A. NELSON, and J. J. 
VERBANC 


E I. du Pont de Nemours and Company, 
Wilmington, Delaware 


mediates but also as modifiers for polymers prepare 
from other materials (3, 4). 


REACTIONS 


The isocyanate function (N=C=0O) is reactive 
toward a wide variety of reagents. It reacts with 
nucleophilic compounds, i.e., those which have a pair of 
electrons which can be shared. These nucleophilic 
compounds such as amines, amides, alcohols, phenols, 
water, carboxylic acids, thiols, and structures containing 
active methylene groups attack isocyanates in a manner 
which may be generalized: 


O 
H—B + RNCO — FRNCO]— RNHC_B 
Isocyanates are reduced to secondary amines (R2NH) 
catalytically, or with lithium aluminum hydride. With 


Grignard reagents they react smoothly to form amides 
O R’ 


| 
(RC—NH). Under the influence of tertiary amines 
(R3;N) or phosphines the aromatic derivatives dimerize 
to form 1,3-substituted uretidinediones (see Figure 2). 
In the presence of strong alkalies or carboxylates both 
aliphatic and aromatic isocyanates trimerize to form 
tri-N-substituted isocyanurates. An outline showing 
some of the typical reactions of isocyanates is given in 
Figure 1. Reviews are available which treat the chem- 
istry of isocyanates in considerable detail (4, 6). 

Isocyanates are often described as “‘reactive,” but 
their activity varies considerably depending upon the 
specific conditions. With amines reaction rates are 
very high though they fall off rapidly with decreasing 
base strength of the amine. Water, alcohols, phenols, 
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and thiols are less reactive than most amines. Reac- 
tivity toward a given attacking reagent also depends 
upon the structure of the isocyanate. Withdrawal of 
electrons from the isocyanate function by the structure 
to which it is attached enhances its activity. Thus, 
the reaction rates of negatively substituted aromatic 
isocyanates may be 105-10° times as great as those ob- 
served for the alkyl derivatives. 

Reaction kinetics and mechanisms represent a fruitful 
area of research in the isocyanate field. The seemingly 
simple reactions of isocyanates are often rendered com- 
plex by catalytic effects. Not only can known catalysts 
be added deliberately, but catalysis may be due to the 
reactants, the products, or traces of impurities. Some 
work has been done in this area but much is still re- 
quired before conclusive descriptions can be given. 


SYNTHESIS 


Numerous methods for the preparation of organic 
isocyanates have been developed based on such diverse 
reactions as the Lossen (7) and Curtius rearrangements 
(8), double decomposition between a cyanate salt and an 
ester of an inorganic acid (9, 1), the thermal decom- 
position of ureas (10, 11, 12) and urethanes (13, 14), 
and the phosgenation of amines (15-20). 


Lossen rearrangement: 
OH 


| 
RC=NOH + RN=C=O0 + CO, + 2HClI 


Curtius rearrangement: 
N 


O 
| RN=C=—0 + N; 
N 


A large number of aliphatic, aromatic, and heterocy- 
clic isocyanates have been reported, and a picture of the 
diversity of the structures involved can best be gained 
by reference to a review on their preparation by the 
Curtius rearrangement (8). The recent literature, 
particularly the recent patent literature, discloses a 
further variety of structures including isocyanates 
derived from fluorocarbons (2/, 22), alkylphosphonyl 
isocyanates (23) and carbonyl- (24) and sulfonyliso- 
cyanates (25). 

While the Curtius rearrangement is an elegant labor- 
atory method and various other procedures are useful 
in individual cases, the method generally chosen for the 
large-scale manufacture of isocyanates, particularly of 
the high boiling aromatic di- and polyisocyanates which 
are today assuming industrial significance, is the phos- 
genation of amines or amine hydrochlorides. The 
chemistry of this method involves, essentially, two 
steps: (a) the formation of a carbamoyl chloride in the 
presence of an: excess of phosgene followed by (b) 
thermal dissociation of this intermediate to the iso- 
cyanate and hydrogen chloride. 

RNH; + COCl RNHCOCI + HCl 
amine phosgene carbamoylchloride 
° 300° 


——————> RNCO + HCl 


At the elevated temperatures employed, the HC} is 
stripped from the liquid reaction mass, an inert, high 
boiling solvent is usually used, and the isocyanate is re- 


VOLUME 34, NO. 4, APRIL, 1957 


covered by distillation. Yields are generally high as is 
the purity of the product. Industrial facilities are 
available today for the manufacture of millions of 
pounds of such products as toluene-2,4-diisocyanate. 


POLYISOCYANATES 


It is the polyisocyanates which are of particular in- 
terest to the industrial chemist as versatile intermedi- 
ates, the basis of a growing segment of the polymer 
field. However, their chemistry can be, for the most 
part, defined by studies with monoisocyanates. One 
problem which does arise in the case of aromatic poly- 
isocyanates is the prediction of relative reactivities. 
This subject has received some attention (26). If two 
isocyanate functions are attached to the same aromatic 
ring, each activates the other. When one of the func- 
tions reacts, for example, with an alcohol to form a car- 
bamate ester, it is transformed from a mildly electro- 
negative to a mildly electropositive substituent and the 
remaining isocyanate group is somewhat deactivated. 
To illustrate the complications caused by this factor, 
four rate constants are required to describe the reaction 
between toluene-2,4-diisocyanate and an alcohol to 
form a urethane. 


ke CH, 


| 
NHCOR 
O 
NHCOR 


| 
NCO 


In certain cases advantage can be taken of this com- 
plex reaction rate picture. Some of the diisocyanates 
bear functions which differ sufficiently in reactivity to 
permit high yield reactions involving only one of the 
isocyanate groups It is thus possible to prepare a 
secondary series of new high melting, storage-stable, 
relatively insoluble diisocyanato uretidinediones and 
ureas. The synthesis of these derivatives is schemati- 
cally outlined in Figure 2 (27, 28). In the preparation 
of uretidinediones (dimers) advantage is taken of the 
fact that hindered aromatic and aliphatic isocyanate 
functions do not dimerize under mild conditions or in 
the presence of the catalysts which lead to dimerization 
of the unhindered isocyanate groups attached to the 
aromatic nucleus. Similarly, the simple urea com- 
pounds can be prepared by reaction with limited 
amounts of water when one of the isocyanate functions 
is sufficiently deactivated by steric hindrance or at- 
tachment to an aliphatic carbon. Because of their 
extremely low solubility these compounds do not react 
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Figure 3. Isocyanate Applications 


significantly with water at room temperature. This 
fact makes possible the preparation of stable water dis- 
persions (29). 

The voluminous formal and patent literature which 
has appeared since 1940 is an index of the scope and 
intensity of research in the field of isocyanate chemistry. 
Detailed variations are so numerous that a complete 
discussion is not warranted. However, the major 
areas in which isocyanates are today finding applica- 
tion are schematically outlined in Figure 3. A gen- 
eralized treatment of the chemical technology involved 
in the synthesis of representative products will serve to 
illustrate isocyanate versatility. 


FIBERS 


An early stimulus to the use of diisocyanates in the 
polymer field was the appearance of the polyamide 
fibers, the nylons. Shortly thereafter work was in- 
itiated on the preparation of spinnable polyurethanes 
and polyureas from glycols, diamines, and diisocyanates. 

The polymerization of two simple bifunctional inter- 
mediates, specifically, 1,4-butanediol and. 1,6-hexane 
diisocyanate, is the basis for a series of well established 
synthetic polyurethanes developed in Germany (3, 30): 


+ HO—(CH:),OH — 


useful polyurethanes have an average molecular weight 
of 7000—12,000. 

The best known polymer of this series is a textile 
fiber, Perlon U. While the major use is in the textile 
field, additional applications as a thermoplastic molding 
composition have been developed. These polymers are 
of interest because of their strength, abrasion resistance, 
low water absorption, good electrical properties, and 
resistance to outdoor exposure and acids. 


FOAMS 


Diisocyanates, in their reactions with water and car- 
boxylic acids, produce as a byproduct of polymeriza- 
tion a gas, carbon dioxide. As a consequence the poly- 
merizing mass is expanded to form a porous voluminous 
structure. When this reaction is properly controlled, 
foams with excellent structure and almost any desired 
density can be obtained. Depending upon the struc- 
ture of the intermediates used, the resulting product will 
be either rigid or elastic. Foam prepolymers are 
viscous fluid reaction products of low molecular weight 
made from polyalcohols and polyisocyanates. These 
prepolymers are mixed with water or dicarboxylic acids 


H H H 
(CHL. + 52 cal./mole 
x 


These products can be produced either in a solvent 
system or as melts from which the products are iso- 
lated. Depending upon the mole ratio of the reactants, 
temperature, time, and the use of monofunctional 
modifiers, the molecular weight of the polyurethane can 
be controlled within specific limits. The technically 
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just prior to use, the mixture is poured into a mold, and 
chain extension, and foaming and crosslinking occur 
simultaneously (31). 

The fundamental chemistry involved in the format on 
of rigid and elastic products is similar as illustrated in 
the following equations (32, 33) : 
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Elastic Foam 
Basic intermediates: 
HO—R’—OH + n OCN—R—NCO 
(mol. wt. ~ 1000) 


| urethane formation 


Prepolymer: 
O O 
—O—R’—O— 
+ (n — 2)OCN—R—NCO 


H.O, catalyst | chain extension 
(R;N) | by urea formation 


Polymer- 
+ (2n — 2)CO2 
O 


O 
| 
—-NHCNH—R—NHC—0—R’—O—CN H 
R 


| crosslinking | 
reaction NH 
| OCN—R—NCO C=O 


Crosslinked polymer: 


II. Rigid Foam 


Basic intermediates: 
HO + n OCN—R—NCO 
OH 
| urethane formation 
Prepolymer: 
oO 
HR—NCO 

N 
C 
O 


+ (n — 3)OCN—R—NCO 


Crosslinked foam: 
oO 


oN HRNHONHRNHCO— 


oO O O O oO 
OCNHRN HONHRNHCO— 


Elastic foams are prepared from low melting poly- 
meric glycols such as polyesters, polyethers, or poly- 
esteramides of molecular weights of at least 1000, and 
the finished, crosslinked polymer is an open network 
with long flexible chain segments between crosslinks. 
Rigid foams are prepared from low molecular weight 
polyaleohols, and the final polymer is densely cross- 
linked. 

The elastic or resilient foams exhibit excellent ozone, 
oxygen, and oil resistance and moderate resistance to 
water. They have greater load-bearing capacity than 
natural rubber foams of equal density. This character- 
istic combined with their high tensile strength and ease 
of fabrication suggests their use in many applications 
now dominated by natural rubber. The rigid foams are 
tough, dimensionally stable (below 100°C.) cellular 
materials with good resistance to shock and vibration, 
and insulating properties equivalent to cork. Since 
the product can be applied as a pourable liquid and 
foamed in place and cured without the application of 
external heat, it can be used without the aid of elaborate 
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equipment (Figure 4). As it foams and cures, it will 
form strong bonds to metals, wood, paper, and textiles 
making possible the construction of strong, lightweight 
laminated structures faced with a variety of materials. 
Such products are of interest to the construction in- 
dustry. 


ELASTOMERS 


Polyurethane elastomers represent one of the largest 
potential outlets for isocyanates. Interest in these prod- 
ucts stems primarily from their excellent resistance to 
abrasion, solvents, and oxygen. The intermediates 
employed include polyesteramides, polyester glycols, 
and polyether glycols of molecular weights in general of 
1000 or greater. Aromatic and aliphatic diisocyanates 
have been used in the polymerizations. The products 
range from liquids to solids, some of which must be im- 
mediately molded and cured and some of which are 
stable to storage. 

A number of experimental elastomers have been an- 
nounced, Vulcollan (32, 33) and Chemigum SL (34), 
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both derived from polyester glycols, and “Adiprene”’ 
urethane rubber (35), prepared from polyether glycols. 
Vulcaprene (36) which appeared on the market a 
number of years ago was based on polyesteramides. 

The chemistry involved in the preparation of Vul- 
collan has been described in some detail (33). One 
member of the Vulcollan family is based on a polyester 
glycol, a diisocyanate and water as depicted in the 
following equations. Three primary steps are involved 
in the synthesis. 


Step I 
Synthesis of polyester glycols: 
HO—CH.CH.—OH- 


HOOC(CH:),COOH= 


H; 


HO—CHCH:—OH- 
H; 


Step II 
Synthesis of the “isocyanate-polyester”’ : 


The water in the sequence (see Step III) serves 
both to chain-extend the “isocyanate-polyester” to a 
high molecular weight polymer and to produce a cross- 
linking reaction. Other bifunctional compounds may 
be substituted for the water. Glycols, diamines, di- 
carboxylic acids, and amino alcohols have been used. 
The finished product is a transparent rubbery solid, 
usually amber in color. An example of a solid poly- 
urethane elastomer is shown in Figures 5 and 6. 


O 


O 
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— HO CHCH,—OH 
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A 70/30 mixture of polyethylene and polypropylene adipates 
is preferred in practice. The elastomer derived from polyethylene 
adipate is strong and resists abrasion but freezes at approxi- 
mately 25°C. The elastomer prepared from the mixture retains 
this strength and abrasion resistance but has a lower freezing 
point and hence is of greater practical interest. 


2 HO—(polyester)—OH + 3 
(mol. wt. ~ 2000) NCO 
OCN 


O O 
OCN O O polyester H 
é 
NHCO—( polyester NH NCO 


Chain extension and crosslinking: 


Step III 


“Tsocyanate-polyester” 
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Figure 4. Variety of Products Produced from the Versatile Urethane 
Foams 


High strength with light weight, resist to h hold chemicals, and 
washability make the new foams ideal for numerous uses in the home. These 
include pillows and cushions, rug underlays, sponges, standing mats, absorb- 
ent soap dishes, ironing-board covers, mattress and table pads, clothes- 
hanger pads, and cther products. For clothing there are now shoulder pads 
made of urethane form, as well as foam-lined fabrics for cold-weather wear. 

The foams also offer high energy-absorption and are used for dashboard 
and sunvisor crash pads on new model automobiles (shown in background). 
The material is foamed-in-place to eliminate separate cementing and to pro- 
vide sleek, wrinkle-free surfaces. 


ADHESIVES 


The union of two or more substrates by means of an 
adhesive is increasing in importance as a commercial 
fabricating technique. The demand for economical, 
durable unions in varied fields has catalyzed the search 
for adhesives. Without adhesives certain articles of 
commerce such as tires, hose, belting, etc., which in- 
volve such diverse materials as textiles and rubber, 
would not be practical. Thus the combined advantages 
of such materials of construction as nylon, rayon, etc., 
and the modern synthetic elastomers could not be 
realized. The desire to lower fabrication costs by 
circumventing classical techniques such as _ nailing, 
riveting, soldering, and welding and to produce com- 
posite structures having uniform stress distribution 
further stimulated development and acceptance of 
adhesives. 

Polyisocyanates because of their compatibility and 
reactivity with a variety of materials have been used 
successfully in numerous adhesive applications. 

In a few instances the polyisocyanates are used with- 
out auxiliary agents. In the majority of applications, 
however, the polyisocyanate is combined with a second 
component such as a diene hydrocarbon elastomer (37), 
a resin or a polyfunctional alcohol (38), the isocyanate 
being generally used in sufficient quantity that the 
finished adhesive contains unreacted isocyanate func- 
tions. The adhesives prepared from natural or syn- 
thetic rubbers are most useful in the bonding of elasto- 
mer compositions to substrates such as cotton, rayon, 
nylon, metal, wood, leather, and ceramics. A particu- 
larly important application is in the fabrication of the 
reinforced flexible laminated structures found in tires, 
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hose, belting, and coated fabrics. The resin isocyanate 
combinations are applicable where flexibility of the bond 
is not required as in the manufacture of solid and cellu- 
lar wood laminates. Adhesives derived from polyols 
and isocyanates show promise also for bonding rigid 
members such as metals, wood, and glass, and probably 
will find their greatest outlet in the fabrication of light- 
weight structural or decorative units. 

The mechanism by which one component is bonded to 
another by polyisocyanates or their derivatives is not 
known. It is unlikely that a single mechanism can ex- 
plain the adhesion of the numerous diverse substrates. 
Considerable effort will be required to elucidate the 
chemistry and to realize the full potential of polyiso- 
cyanates in the adhesive field. 


ISOCYANATE GENERATORS 


Industrial interest in isocyanates stems from their 
extreme reactivity with a host of compounds containing 
a displaceable hydrogen atom. Many of the potential 
applications, such as the modification or crosslinking of 
polymeric systems, have been impeded by the poor 
storage stability of certain desirable isocyanates and by 
their premature reaction when combined with the sub- 
strate. Some control of the reactivity of isocyanates 
has been achieved by (a) introducing neighboring sub- 
stituents which by steric hindrance or electronic effects 
serve to decrease the activity of the adjacent isocyanate 
group and (b) by the synthesis of compounds which 
thermally dissociate to produce the parent isocyanate. 
The main disadvantage of the latter system in some 
instances is the contamination of the finished product 
with the non-isocyanate fragment. 


Figure 5. A Thin Sheet of Raw Polyurethane Elastomer 


Additional material in the form of strips is on the table in the foreground. 
This product is processed on the same equipment and by the same procedure 
used in the processing of natural rubber and GR-S. 
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The concept of isocyanate “generators” is based on 
the fact that many of the reactions which isocyanates 
undergo with compounds having a displaceable hydro- 
gen atom are reversible. Emphasis has, therefore, 
been directed toward the preparation of those deriva- 
tives which dissociate or exchange readily. In order to 
minimize cost or decrease dilution of the finished prod- 
uct by the non-isocyanate fragment, active hydrogen 
compounds of low molecular weight are generally used. 

Two examples will serve to illustrate the principle of 
an isocyanate generator. A prime example is that al- 
ready discussed for the preparation of isocyanates by 
the commercially attractive phosgenation route. The 
intermediate carbamoyl chloride dissociates readily at 
elevated temperatures to produce isocyanate and hy- 
drogen chloride. 

Carbamoyl chlorides, however, are not suitable for 
the modification or crosslinking of polymeric substrates 
because of the undesirable byproduct, hydrogen chloride. 
A more practical compound is exemplified by the ure- 
thane derived from an isocyanate and phenol. 


0 
100°-150° C. 
== == R—-NCO + 


Numerous compounds of the latter type have been 
investigated (3, 11). They include the mono-, di-, or 
poly-reaction products of mono-, di-, or polyisocyanates 
with secondary aromatic amines, tertiary alcohols, 
amides, lactams, monohydric phenols, mercaptans, 
enolizable hydrogen compounds, heterocyclics, hydro- 
gen cyanide, and sodium bisulfite. 


PLASTICS 


Plastics are becoming increasingly important as 
articles of commerce. For the most part. they are 
homopolymers and copolymers derived from one or more 
unsaturated intermediates. In contrast to these ma- 
terials, limited somewhat by availability of suitable 
monomers and their ability to copolymerize, an in- 
finite number of segmented polymers are readily avail- 
able via the addition polymerization of di- or polyiso- 
cyanates and difunctional components. Not only can 
the structure of the diisocyanate be varied ad infinitum, 
but the size, structure, reactivity, and functionality of 
the coupling component can be varied also. As a re- 
sult of this apparently unlimited choice of reactants, 
the design of plastic compositions for any specific ap- 
plication can be visualized. 

Research in this field has not been extensive thus far. 
Low molecular weight or crystalline high molecular 
weight intermediates have been investigated. These 
include such functional units as glycols, diamines, and 
dicarboxylic acids. The technology is similar to that 
used in the synthesis of the fiber, Perlon U. In the 
case of the thermoplastic, Igamid U, the intermediates 
are identical. Further variations are commonly in- 
troduced by changes in the glycol structure or by com- 
binations of diols. The synthesis of a soluble linear 
product, Igamid UL, is as illustrated: 


The preparation of a crosslinked macromolecule is 
accomplished by the reaction of a diisocyanate with a 
polyfunctional alcohol. Glycerol, 1,2,4-butane triol, 
trimethylol propane, polyvinyl alcohol, and acety!| 
cellulose have been used. These products are useful in 
lacquer formulations and also for the fabrication oi 
molded objects. Since the finished products are in- 
soluble and infusible, they must be formed in place. 
Generally the mixture of intermediates is deposited and 
the final reaction achieved by heating or baking (30). 


Figure 6. A Tire Constructed with an Experimental Polyurethane 
Elastomer Tread 


CONCLUSION 


Other miscellaneous uses for isocyanates or polymers 
derived from them have been disclosed. These include 
the fixation of pigments on textiles and paper, and the 
bonding together of or coating of fibers in order to de- 
velop water repellency or other novel effects. Modi- 
fication of leather and other naturally occurring prod- 
ucts such as wool and silk havé been reported also. 
Their use in the synthesis of organic intermediates has 
been limited thus far to pharmaceuticals and herbicides. 

In a short span of twenty-five years organic isocya- 
nates have grown from the stage of obscure laboratory 
curicsities to commercial products. The versatility 
of these compounds has been demonstrated on a labora- 
tory and semiworks scale and a host of end use items are 
being developed and tested. 
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Tue method described here permits one to filter with 
suction directly into a variety of receivers, thus avoid- 
ing the need to transfer from a suction flask or to rinse 
down a filtering adapter. The advantage of such a 
technique is that less glassware is dirtied and the filtrate 
need not be diluted unnecessarily. The figure shows 
the arrangement used. The essential point is the use 
of moderately rigid sponge rubber (not foam rubber) 
with smooth surfaces to make a tight connection be- 
tween the bell jar and the receiver. A set of squares 
is prepared, each with a different size hole, cut with 
large cork borers. Before use, the upper surface may 
be wetted with water to improve the seal. The bell 
jar is supported at the neck with a buret extension 
clamp (not shown). As receivers, we have used 


round bottom flasks of 500 or more ml. capacity and 
graduated cylinders 50 to 1000 ml. in capacity. 
Smaller containers are more conveniently used with 
the bell jar and the usual glass plate, or with a larger 
bell jar (New York Laboratory Supply Co., Cat. No. 
35070). 
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A, Biichner funnel. 3B, Rubber cone filtering adapter (A. H. Thomas Co., 
Cat. No. 5115-T). CC, Filter bell jar (Corning Glass Works, Cat. No. 6880). 
D, Sponge rubber, #/, in. thick, medium grade, 5 X 5 in. E, Extension 
ring, steel, 3 in, inside diameter (Fisher Scientific Co., Cat. No. 14-055). 
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THE RENAISSANCE OF INORGANIC 


CHEMISTRY’ 


Tose of us who were familiar with the state of inor- 
ganic chemistry in universities twenty to thirty years 
ago will recall that at that time it was widely regarded 
as a dull and uninteresting part of the undergraduate 
course. Usually, it was taught almost entirely in the 
early years of the course and then chiefly as a collection 
of largely unconnected facts. On the whole, students 
concluded that, apart from some relationships de- 
pendent upon the periodic table, there was no system 
in inorganic chemistry comparable with that to be 
found in organic chemistry, and none of the rigor and 
logic which characterized physical chemistry. It was 
widely believed that the opportunities for research in 
inorganic chemistry were few, and that in any case the 
problems were dull and uninspiring; as a result, rel- 
atively few people specialized in this subject. The 
effect of this neglect, incidentally, became apparent 
during the last war and in the post-war years, when 
chemists with a sound knowledge of inorganic chemistry 
were required for the development of atomic energy proj- 
ects. So long as inorganic chemistry is regarded, as 
in years gone by, as consisting simply of the prepara- 
tion and analysis of elements and compounds, its lack 
of appeal is only to be expected. This state is now past 
and for the purposes of our discussion we shall define 
inorganic chemistry today as the integrated study of 
the formation, composition, structure, and reactions of 
the chemical elements and their compounds, excepting 
most of those of carbon. Many will regard this as an 
all-embracing definition and may suggest that I have 
defined not inorganic chemistry alone, but chemistry 
itself. I offer no defense; indeed, I accept this criti- 
cism as largely correct for it emphasizes one of our 
major themes—that the earlier divisions of chemistry 
are disappearing and the subject is once more be- 
coming an integrated whole. The modern inorganic 
chemist has scant regard for the distinctions between 
inorganic, organic, and physical chemistry. Thus, he 
has no hesitation in attaching organic groups to a metal 
atom if the properties of the resulting compound make 
it more convenient for investigation; similarly, he is 
prepared to use any of the available techniques of 
physical chemistry as may be necessary to solve his 
problem. 

The factors primarily responsible for the modern 
forward-looking spirit in inorganic chemistry are two 
external developments, which give it, first, a new sense 
of purpose, and, second, new tools with which to 
achieve this purpose. The first of these developments 
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is the growth of the theoretical techniques of quantum 
mechanics to an extent permitting widespread chemical 
application. This has already proceeded far enough 
to show the unity of inorganic chemistry even though 
quantitative experimental investigations are required 
to reveal it fully. The second external development 
consists of those new optical electrical and magnetic 
techniques of physical measurement by which structure 
can be investigated in the physical terms demanded 
by the electromagnetic nature of matter. For a full 
appreciation of the way in which these advances have 
affected the development of inorganic chemistry a 
brief survey of the history of the subject over the past 
century is essential. 


HISTORY . 


We might well start with 1828, the year in which 
Wohler’s paper appeared dealing with the conversion 
of ammonium cyanate into urea. This paper was the 
first move toward the rejection of the vitalistic theory 
and the launching of organic chemistry as a distinct 
branch of the subject.? 

Ammonium cyanate, NH,NCO, is an example of 
that class of elements and compounds which includes 
metals, minerals, and rocks, and which were regarded 
as non-living. Urea, however, was believed to be 
formed only in living organisms. Compounds of 
this latter type thus came to be called “organic’”’ while 
those in the former category were known as “inorganic.” 
Wohler’s syntheses of urea showed the interrelationship 
between inorganic and organic chemistry. Thus the 
essential unity of chemistry is illustrated in one reac- 
tion 
Action of heat 


[NH,] + - > 
Transition occurs 


Ammonium cyanate 


INORGANIC PHYSICAL 


For the next fifty or so years inorganic and organic 
chemistry progressed side by side. The main work 
carried out in inorganic chemistry was concerned with 
the preparation of new compounds and the development 
of methods of analysis. Vast numbers of new com- 
pounds were described and important work was carried 
out on the determination of atomic weights. The 
year 1887 may be accepted as the date of emergence of 
physical chemistry as yet another branch of the sub- 
ject; in that year the Zeitschrift fiir physikalische 
Chemie was founded. Many research workers were 


1 Based on an Inaugural Address given at University College 
London on March 1, 1956. The original address was published 
by the College and is available from H. K. Lewis & Co. Ltd., 
London. 
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? Dr. D. McKie has discussed the significance of this paper in 
his excellent article, Wohler’s ‘Synthetic’? Urea and the Rejec- 
tion of Vitalism: a Chemical Legend, in Nature, Lond., 153, 608 
(1944). 
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now attracted to physical chemistry because it offered 
an exactness which was lacking in inorganic chemistry. 
In the meantime, armed with the postulate of the 
four-covalent, tetrahedral carbon atom developed 
simultaneously by van’t Hoff and le Bel in 1874, organic 
chemistry developed into a system in which structure 
could be determined. Denied the technique needed 
for such stereochemical investigation, inorganic chem- 
istry lagged behind. Thus we find that by this time 
organic chemistry, because of its system, and physical 
chemistry, because of its exactness, were steadily at- 
tracting workers from the more empirical and much 
less integrated field of inorganic chemistry. It has been 
said by others that facts give a science subjects its 
substance, but it is the integrating theory which pro- 
vides its strength. There was no lack of substance in 
inorganic chemistry in the late nineteenth century, 
but it was sadly lacking in cohesion. It is primarily 
owing to the development of this integrating theory 
that inorganic chemistry has before it such exciting 
prospects at the present time. 


ALFRED WERNER 


At the turn of the century the work of that great 
chemist, Alfred Werner, did much to put order into 
inorganic chemistry. Werner is specially remembered 
for his studies on the apparently anomalous inorganic 
addition compounds, many of which had been described 
during the preceding half-century. Werner put for- 
ward the first satisfying theory for the structure of these 
compounds. His theory involved the idea of a definite 
coordination number for a metal with ligands arranged 
about it according to definite geometrical patterns, of 
which the octahedral, the tetrahedral, and the square 
planar arrangements are the most important. This 
theory enabled much of the conflicting mass of data 
to be tied together for the first time. Paradoxically, 
however, Werner answered so many questions that he 
left many people with the impression that in inorganic 
chemistry there were but few advances to be made. 
However, no satisfactory explanation of the nature of 
chemical combination, or of valency, had been advanced 
and our knowledge of the stereochemistry was still 
limited to two or three common shapes. 


VALENCE THEORY 


After the first world war, however, ideas on valency 
were gradually beginning to take firm shape. It is 
important to stress the need for developments in 
valency theory and stereochemistry, because without 
an advance in these, any hope for an understanding of 
much of the factual matter of inorganic chemistry 
itself could not be expected. The fundamental ideas 
of the ionic and covalent bonds were crystallized in 
1916 in papers. by W. Kossel in Germany and G. N. 
Lewis in America. Without attempting to mention 
the names of all who contributed one can say fairly 
that a great step forward occurred in 1927 with 
the publication of Sidgwick’s outstanding monograph, 
The Electronic Theory of Valency. Shortly after this 
we saw the application of quantum mechanics to prob- 
lems of chemical combination. Of special importance 
to inorganic chemistry was the work of Linus Pauling. 
By the time we reached the middle thirties the new 
valency theory was being applied to a wide variety of 
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compounds. Quantum mechanics not only provided 
an explanation of how atoms joined together, but it 
also led on to some understanding of the strength of 
bonds and offered an explanation of their orientation 
in space. Equally important was the fact that quan- 
tum mechanics gave a sense of purpose to many physi- 
cal measurements which previously were of much 
more limited value in deciding the structure of chemical 
compounds. Furthermore, these physical measure- 
ments provided quantum mechanists with many of the 
parameters which they needed for the development of 
their theories. Thus, in a sense, quantum mechanics 
and physical methods of attack on structure are com- 
plementary. For example, the determination of a 
magnetic susceptibility is easy; measurements having 
been carried out since the days of Faraday in 1850. 
But until quantum mechanics provided a _ theory 
which related the magnetic susceptibility with the 
number of unpaired electrons, it was not possible to 
draw conclusions of any significance about molecular 
structure. 

It is my essential thesis that the impact of quantum 
mechanics and of modern physical methods of attack 
are the main reasons for the renaissance of inorganic 
chemistry, leading to the present period of rapid growth. 
Some have maintained that quantum mechanics has 
provided little that could not have been obtained by 
other methods of attack. This view is unacceptable; 
but at the same time it should be remembered that the 
discussions which arose from Pauling’s enunciation of 
his theories led chemists to the study of a wide variety 
of phenomena aimed at proving or disproving these 
theories. This, of itself, was a good thing for inor- 
ganic chemistry. The main effect of the new develop- 
ment was not evident, however, until after the second 
world war. 

It has been frequently pointed out that many of the 
early hopes of quantum mechanics have not been 
realized. Sir Harold Hartley quotes Lord Rutherford 
as saying in 1919, ““‘What’s the use of going back to 
chemistry when Bohr will soon be able to calculate 
anything you can find out?’’* Similar optimism pre- 
vailed in 1929 when the new quantum mechanics was 
applied to valency; but it soon became apparent that 
in real molecules great mathematical difficulties are 
involved in obtaining a rigorous solution. As a result, 
various methods of approximation, some of which are 
unrealistic, have to be adopted. The most fruitful 
results have accrued from quantum mechanics when 
the theoretical workers are allied with the more ex- 
perimental investigators. Inorganic chemistry, in par- 
ticular, benefits most effectively from this kind of 
cooperation. 


TRENDS OF MODERN INORGANIC RESEARCH 


Before discussing the present position and the likely 
direction of progress in research it is useful to have in 
mind the following table as a genealogy of the usual 
course of an inorganic chemical investigation. 

Once the preparation and the chemical analysis of a 
compound has been achieved one may study its prop- 
erties from two different angles. On the one hand we 
are concerned with the structure of the compound in its 
widest sense, as embracing all bond properties and the 


? Hartiey, H., J. Chem. Soc., 1947, 1282. 
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shape of the molecule—the latter a function of the type 
of bonds present. On the other hand the chemical 
behavior of the substance leads us to investigations of 
its chemical reactions. The first interest is, naturally, 
reaction products and the steric course of the reaction. 
But we are also interested in the energy changes which 
occur in reaching equilibrium and in the rate at which 
the reaction proceeds. Indeed, this table illustrates 
the fusion of the various branches of chemistry. The 
preparation commonly involves the attachment of 
organic groups after which we proceed to study the 
product by classical inorganic methods and with the 
whole armory of physical chemistry. The latter rests 
on the three pillars of the kinetic theory, thermo- 
dynamics, and quantum mechanics as reflected in the 
table. 

Looking at the current scene in the light of the 
table, one is struck at once by the fact that the large 
amount of preparative work now in progress has a new 
sense of purpose which was absent from much of the 
older work. The driving force behind most of this 
modern preparative work arises from the predictions 
which follow from our studies of the structure and 
reactivity of known compounds. This preparative 
work includes, on the one hand, the chemistry of new 
elements (e.g., the actinides) and, on the other, the 
stabilization of formerly uncommon or unknown valency 
states of well-known elements—using the appropriate 
ligands. Today we know much more than formerly 
about the selection or synthesis of ligands which will 
stabilize unusual valency states; as a result univalent 
and zerovalent compounds of the transition elements 
are now quite common. Similarly the use of fluorine 
has led to the isolation of high valency states such as 
NilV which were previously considered very doubtful. 
Ligands, other than the customary halide ions, ammonia 
and water, are being used extensively. Knowing 
something of why carbon monoxide stabilizes the 
zerovalent state, we are now able to use.many other 
ligands, such as the phosphorous halides, to achieve 
this purpose. A new chapter has been opened with the 
use of various unsaturated ligands, such as ethylene, 
cyclopentadienyl, and benzene, for the formation of 
metal complexes. The intriguing sandwich-like struc- 
ture of the cyclopentadienyl compounds is of special 
interest for theories of valency. 

The study of the shape of molecules is today of 
major interest to the inorganic chemist. Although we 
recognize the X-ray technique as of supreme impor- 
tance in arriving at the arrangement of atoms, the time 
and difficulty involved in carrying out a complete 
structure determination leaves much scope for the 


application of other techniques. In particular, by 
making use of appropriate ligands one can prepare 
complexes whose solubility in organic solvents enables 
one to study their properties with a wide variety o/ 
physical techniques. Now that we are able fairly 
readily to prepare compounds in which the metal is 
not at the center of the usual octahedrom or tetra- 
hedrom, the stereochemistry of less common coordina- 
tion numbers has become of major interest. We may 
expect from now on to see much more work on shapes 
such as the square pyramid and seven- and eight- 
coordinated complexes of the heavier metals. Allied 
with such purely stereochemical problems are the 
studies of valency theory and the elucidation of bond 
type and bond order. 

A brief reference only may be made to thermo- 
dynamics, where much work is in progress. In par- 
ticular, the equilibria in solution between metal com- 
plexes and their constitutive metal ions and ligands are 
being extensively studied. The stability of a com- 
plex is, of course, of intrinsic interest to the chemist, 
but other reasons for the great interest in this field are 
the importance of stability constants in analytical 
chemistry, in biochemistry, and in the more applied 
processes involving metal-ion separation and metal-ion 
inactivation. 

One may confidently predict that there will be 
major advances in the borderline field of inorganic 
chemistry and biology from now on. The role of metal 
complexes of iron in human and animal life processes, 
and of magnesium in plants, has long been recognized, 
but more recently many other metals, such as copper 
and cobalt, have been shown to be very important in 
processes involving enzymes and vitamins. It is only in 
recent times, when our knowledge of the metal-ligand 
bond has reached a reasonable stage of development, 
that speculations as to structure and mechanism have 
proved very fruitful. Indeed, it can fairly be said 
that much of the research needed in the biological 
field is in fact fundamental research in inorganic chem- 
istry. - 

This brief outline of some fields of inorganic research 
omits many of major importance including the study of 
the chemistry of the lighter elements (boron, nitrogen, 
and sulfur, for example) and the chemistry of the solid 
state. In the latter field inorganic chemistry overlaps 
physics itself. 

The wide application of physical techniques for 
studying inorganic problems has brought with it the 
necessity of acquiring much expensive apparatus. 


Modern inorganic chemistry uses as its tools all the 


usual branches of spectroscopy—visible, ultraviolet, 
and infrared—as well as the more recently developed 
fields like microwave and nuclear quadrupole spectra. 
Paramagnetic and nuclear magnetic resonance measure- 
ments are finding an ever increasing application in 
inorganic chemistry. Other techniques include the use 
of radioactive and heavy isotopes, while magnetic and 
electrical properties also provide valuable information 
concerning structure. 


INORGANIC CHEMISTRY IN THE CURRICULUM 


The rapid strides made in research in this field, and 
the consequent systemization of the subject have pro- 
found implications for undergraduate courses in in- 
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organic chemistry. I have already referred to the 
undergraduate’s lack of interest in inorganic chemistry 
in earlier years, and suggested the reason for this. 
But there is another factor. Most inorganic chemistry 
in universities has, until recently, been taught mainly 
in the first two undergraduate years, whereas during 
those years students have not been taught sufficient 
physical chemistry to provide an explanation of the 
experimental data. To illustrate this, we may con- 
sider the chemistry of the metal carbonyls. If this 
topic is dealt with relatively early in the course, it is 
not possible to discuss with students the way in which 
stretching frequencies, double bonding, orbital hy- 
bridization, magnetic and electric dipole moment 
provide an understanding of the general chemistry of 
these compounds and of their structure. The value of 
magnetic moments, in particular, in discussing problems 
of valency and bond type in the lanthanide and actinide 
series needs no emphasis. This does not mean, of 
course, that one studies the whole of physical chemistry 
before tackling the basic chemistry of the periodic 
table. We do not wish to train students in chemistry 
who can calculate with the molecular obital theory of 
valency without knowing the solubility or color of 
silver chloride! I do plead, however, for a better 
arrangement and interweaving of inorganic and physi- 
cal chemistry in undergraduate courses. It is sug- 
gested that the center of gravity of the inorganic chem- 
istry course be placed later in the curriculum than it is 
in many universities today. Topics such as metal 
carbonyls, actinides, the chemistry of the solid state, 
inorganic reaction mechanisms, and nuclear and iso- 
topic chemistry should be treated later in the course; 
but, before, or while, discussing the compounds of the 
periodic table earlier in the course students should 
have been given enough physical theory to enable 
observed structures and properties to be explained. 
Thus, an introductory qualitative treatment of modern 
valency theory, stereochemistry, crystal chemistry, 
and introductory thermodynamics should come before 
the main treatment of the periodic table and not after it. 
A further example of this is the study of complex or co- 
ordination compounds. It should be emphasized to 
students from the outset that “complex chemistry” is 
an approach to the whole inorganic chemistry and not a 
topic to be dealt with alone or a separate course of 
lectures. 

It is when we look at practical courses, however, that 
we have more cause for concern. Most students sum 
up their inorganic practical courses as consisting of 
scores of unknown salts to be qualitatively analyzed, a 
succession of uninteresting analyses, and a few prepara- 
tions if time permits. The aims of the practical course 
should be to familiarize students with the appearance of 
chemical substances, their methods of analysis, their 
physical and chemical properties, and with the basic 
techniques of inorganic chemistry. How is it then that 
qualitative analysis has come to occupy such a dispro- 
portionately large amount of time for inorganic practical 
work? The answer lies, I believe, in the historical 
development of inorganic chemistry. One hundred 
years ago the subject was closely allied with metallurgy 
and one of the main tasks of the chemist was the 


qualitative identification of elements in rocks and 
minerals and their quantitative determination. Hav- 
ing been originally an important part of the inorganic 
practical course, qualitative analysis of a particular 
number of metal ions has acquired a hallowed position 
ever since. Thus, in the “classical’’ separation tables 
cobalt has a position of honor whereas titanium is 
omitted, despite the fact that at the present time com- 
pounds of the latter are more widely used in industry. 
There is no doubt whatever that the subject can also be 
a suitable means of teaching much inorganic chemistry 
—simple laboratory techniques, the colors and solu- 
bilities of compounds, and some important principles 
of physical chemistry. But let us stop at this point 
and recognize that by forcing students to analyze more 
difficult mixtures, bearing little or no relation to com- 
monly occurring chemical systems, we achieve little 
beyond enabling them to acquire skill in the automatic 
use of—and often a disgust for—separation tables. 
The distinctly separate objectives of a qualitative 
analysis as a vehicle for the transport of simple ideas of 
chemistry on the one hand, and as a utilitarian advanced 
analytical course in identification on the other, have 
become hopelessly mixed up at the expense of the 
students’ interest in inorganic chemistry. 

The important subject of quantitative analysis 
occupies its rightful place in the undergraduate course, 
but there needs to be a wide recognition that the main 
aim should be to teach the principles of the various 
unit operations. Substances for analysis should be 
chosen for the technique which they teach, rather than 
as illustrations of types of compounds. In the inor- 
ganic field analytical methods are standard, except in 
rare cases. For the investigator of inorganic com- 
pounds, however, a new compound or a mixture of 
substances usually results in a minor investigation to 
find a reliable method of analysis. Often he will find 
his particular problem has not been investigated before. 
Hence, wide experience of the analysis of different 
standard substances is of less value than good tech- 
nique at separating elements in a quantitative manner 
and estimating each in turn. 

I believe that we should find more time to enable 
students to acquire these techniques of inorganic 
chemistry, as for instance, the handling of substances in 
the absence of air or of moisture, the manipulation of 
gaseous substances, and reactions involving low or high 
temperatures. Finally, I am convinced that, in keeping 
with the new sense of purpose in inorganic chemistry, 
the maximum opportunity should be provided for the 
undergraduate to prepare a compound, to establish its 
purity by analysis, and to investigate as many of its 
properties by chemical and physical techniques as he 
is able todo. This means that we effectively illustrate 
the wholeness of modern chemistry, and I believe that. 
we can thereby develop a genuine enthusiasm for this 
subject at the undergraduate level. It is essential for 
us to stimulate students at the undergraduate level, 
otherwise we shall not be able to attract research 
students into this exciting field in which there are so 
many opportunities and, relatively, so few trained 
people available to explore them. 
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In rae study of weakly acidic or basic organic com- 
pounds the practical utility of volumetric methods when 
applied to nonaqueous solvents is well known. Simple 
analytical methods of adequate accuracy and precision 
have been developed for the characterization and de- 
termination of many organic compounds by selecting 
appropriate solvent systems. These have been re- 
viewed by Riddick (35) and by Pifer, Wollish, and 
Schmall (32). Most of the solvents used are either 
hydrogen-containing acids and bases or inert hydro- 
carbons. However, investigations on chemical reac- 
tions and on generalized acid-base theories have ex- 


tended volumetric methods to aprotic solvents as well. 


In aprotic solvents the behavior of a number of in- 
organic Lewis acids and bases toward indicators have 
been recorded (34, 12). Several titrations of inorganic 
compounds in both water-like solvents and aprotic 
solvents have been performed, and these have eluci- 
dated oxidation-reduction reactions as well as acid-base 
phenomena. Most studies on inorganic reactants by 
titrimetry in nonaqueous systems have been intended 
to extend our fundamental knowledge of solvents, but 
the potential analytical importance of these should not 
be dismissed. 

It would seem convenient to summarize the existing 
sources on the titration of inorganic compounds in non- 
aqueous media according to the solvent employed, since 


this correlates the solvent characteristics with a given’ 


type of reaction. 


ACETIC ACID 


The evaluation of dissociation constants for a number 
of inorganic acids, bases, and salts in glacial acetic acid 
made by Kolthoff and Willman (23) over twenty years 
ago formed the basis for several investigations on acid- 
base behavior in this solvent. They demonstrated a 
sequence of decreasing acid strengths for the mineral 
acids perchloric, hydrobromic, sulfuric, hydrochloric, 
and nitric. The anion basicity of a series of potassium 
salts was found to increase in the order ClO,~, I-, Br-, 
Cl-, and NO,;~-, with potassium nitrate being more basic 
than acetic acid. 

The titration of a number of sodium salts with per- 
chloric acid in acetic acid was reported by Pifer and Wol- 
lish (31); however, to dissolve the salts, varying and 
unspecified amounts of water were added. Since water 
behaves as a base in acetic acid, their results could not 
be considered conclusive evidence for the basic char- 
acter of these salts. A similar brief study by Higuchi 
and Concha (13) reported the titration of several inor- 
ganic chlorides, bromides, nitrites, nitrates, and sulfates 
as bases with perchloric acid, and the visual indicators, 
a-naphtholbenzein and erystal violet. Later Pifer, 
Wollish, and Schmall (33) showed that the acetates of 
ammonium, lithium, potassium, and sodium can be ti- 
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trated with perchloric acid in anhydrous dioxane anc 
acetic acid-chloroform mixtures. Also, the difference in 
base strengths of potassium and sodium acetates in such 
solvents is sufficient to permit their differential titra- 
tion, using the ordinary glass-calomel electrode pair. 
The acetates of potassium, sodium, and lithium have 
been titrated with perchloric acid by Jander and Klaus 
(19) also. 

Using sodium, potassium, and lithium acetates as 
standard bases, sulfuric and hydrochloric acids have 
been titrated individually and in mixtures in glacial 
acetic acid (14). By utilizing the greater sensitivity of 
conductometric detection of the end point, evidence 
was obtained for both hydrogens in sulfuric acid being 
titrated separately. 

To support the view that water behaves as a base in 
acetic acid by formation of hydronium acetate, (H;0*)- 
(Ac—), Jander, and Klaus (20) have provided potentio- 
metric and conductometric data for the direct reaction 
of water with perchloric acid in acetic acid as the sol- 
vent. 

Fritz (7) has described a method for the determina- 
tion of divalent metals, utilizing their ability to undergo 
coordination with acetonitrile in glacial acetic acid. 
The reaction is presumed to be 


MAc, + xCH;CN — M(CH;CN)x~? + 2Ac™ 


where M is nickel or copper, and the released acetate 
ions can be titrated with perchloric acid. There seems 
to be little other information on metal complexes in 
acetic acid as a solvent. The similar reaction in which 
mercury(II), as acetate, complexes halides with the re- 
lease of acetate ions has been used as the basis for an 
analytical method for the determination of amine 
hydrohalide salts with perchloric acid (30, 24). 
Oxidation-reduction, as well as acid-base reactions 
have been studied in acetic acid solutions. Iron(II) 
perchlorate reduces, quantitatively, chromium tri- 
oxide and sodium permanganate (/5). Likewise, a 
solution of ammonium hexanitratocerate in acetic acid 
acidified with perchloric acid has been found to be a 
satisfactory oxidant for the titration of oxalate in the 
same solvent (16). Bromine, and iodine monochloride 
have been used to titrate a number of organic com- 
pounds, and chromic acid, sodium permanganate, and 
titanous chloride were titrants for arsenic, antimony, 
mercury, chromium, bromine, and iodine, according to 
the work of Tomitéek (37). No experimental determi- 
nations of oxidation potentials were given for these re 
actions in acetic acid; however, from polarographic 
studies in this solvent (2), it appears that oxidation 
potentials would be slightly more positive in acetic acid 
than in water. This is consistent with the potential 
for the cerous-ceric couple in acetic acid recently re- 
ported by Hinsvark and Stone (16), although it is an 
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open question whether or not the absolute magnitude of 
this measured potential is meaningful. 


ACID CHLORIDES 


The neutralization of aprotic acids, such as stannic 
chloride and aluminum chloride, with pyridine was 
tried in thionyl] chloride solutions by Garber, Pease, and 
Luder (8). Titrations using the triphenylmethane in- 
dicators, crystal violet and malachite green, as well 
as conductometric titrations, suggested that in this 
strongly acidic solvent the essential reaction is the 
neutralization of a weak base and a weak acid. 

The related solvent, sulfuryl chloride, in which co- 
valent compounds readily dissolve, has been used as a 
medium for the study of acid-base behavior of aprotic 
acids (11). The chloride ion donors (bases), tetra- 
methylammonium chloride, phosphorus pentachloride, 
tellurium tetrachloride, and pyridine, were titrated 
with the acids, antimony pentachloride, titanium tetra- 
chloride, vanadium tetrachloride, and arsenic tri- 
chloride. The stoichiometry of the reactions was de- 
termined from conductometric titration curves. 

In the corresponding solvent, nitrosyl chloride, the 
conductometric titration of tetramethylammonium 
chloride with several nitrosy] salts has been attempted 
by Burg and McKenzie (3). Only with NOFeCl, did 
the neutralization reaction 


NO* (acid) + Cl~ (base) NOCI 


proceed to completion. 

A general study of acid-base relationships in sele- 
nium(IV) oxychloride has been made by G. B. L. Smith 
(36, 17, 29). It has been suggested that this solvent 
ionizes as 

2Se0Cl. = + Cl- 


Sulfur trioxide reacts as a strong acid in selenium(IV) 
oxychloride, as demonstrated by potentiometric titra- 
tion curves for its reaction with the bases potassium 
chloride, pyridine, and quinoline. For the acids and 
bases studied, it appears that base strengths decrease in 
the order isoquinoline, quinoline, pyridine, potassium 
chloride, and acid strengths decrease in the order sulfur 
trioxide, ferric chloride, stannic chloride. Pyridine is 
an excellent conductor in this solvent, presumably due 
to the existence of selenium oxychloropyridinium ions. 
Pyridine was used in conductometric titrations of the 
Lewis acids, stannic chloride, ferric chloride, aluminum 
chloride, calcium chloride, and potassium chloride. 


ALIPHATIC AMINES 


Although amines have been used as solvents for 
studying weakly acidic organic compounds, these have 
been virtually unnoticed as media for inorganic reac- 
tions. One significant titration performed by Moss, 
Elliot, and Hall (28) was that of boric acid with sodium 
ethylate in the solvent, ethylenediamine. The poten- 
tiometric curve for this reaction showed three distinct 
inflection points, indicating the titration of the third 
hydrogen. The need for studying other weakly acidic 
morganic compounds in this solvent is readily apparent. 
Ammonium chloride exhibits greatly enhanced acidity 
in ethylenediamine, and the acid-base character of other 
salts would be expected to undergo change in such a 
basic solvent. 
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ARSENIC TRICHLORIDE 


Arsenic trichloride may be viewed as an ampholytic 
solvent, quite analogous to water in its behavior as an 
acid as well as a base. Thus, according to Lindqvist 
(27), the solvent ionization mechanism may be pictured 
as 


2AsCl; = AsCl.*+ + AsCl,~ 


and AsCl,~ corresponds to H;0+ in aqueous systems. 
Acids will decrease the amount of Cl~ present in solu- 
tion and bases will increase the Cl~ concentration. By 
using a simple silver-silver chloride concentration cell, 
a value for pCl (by analogy to pH) can be measured in 
arsenic trichloride solutions of acids and bases. Using 
such an electrode system, Andersson and Lindqvist (/) 
determined the potentiometric titration curves for the 
reaction of the acids, ferric chloride and antimony 
pentachloride, with the bases, pyridine and tetramethyl- . 
ammonium chloride. In the typical neutralization of 
tetramethylammonium chloride with ferric chloride, an 
ionic reaction that has been proposed is 


+ FeCl; — FeCl,~ 


Several conductometric titrations have been per- 
formed in this solvent by Gutmann (9, /0). Reactions 
of chlorides of tellurium(IV), antimony(V), tin(IV), 
and vanadium(IV), with the bases, phosphorus penta- 
chloride and tetramethylammonium chloride, appear to 
be quantitative and tend to confirm the ionic charac- 
ter of acid-base behavior in arsenic trichloride as a 
solvent. 


HYDROCARBONS, CHLORINATED HYDROCARBONS, 
AND ALCOHOLS 


In his classic experiments on acids and bases in non- 
aqueous systems G. N. Lewis (25, 26) titrated such 
acids as boron trichloride and stannic chloride with the 
base pyridine in benzene and chlorinated hydrocarbon 
solvents, determining the end point with a visual indi- 
cator. He demonstrated that the spectrum of a typical 
indicator, methylene blue, was identical when acidified 
by aqueous acids and by stannic chloride in chloroform. 
Similarly, the color changes of a number of indicators 
in the presence of different Lewis acids have been ob- 
served in the solvents, benzene, chlorobenzene, chloro- 
form, dichloroethane, and carbon tetrachloride (34, 
12); however, since quantitative data were not sought, 
no titrations were performed by these more recent 
investigators. 

The titration of stannic chloride with dioxane has 
been used as a typical neutralization reaction in the 
comparison of the thermometric detection of the end 
point in benzene, carbon tetrachloride, nitrobenzene, 
and chloroform (48). The heat of neutralization in 
benzene and carbon tetrachloride solutions is sufficient 
to make this method analytically useful in evaluating 
thermodynamic quantities as well as end-point detec- 
tion in such inert solvents. 

In mixed solvents composed of ethylene or propylene 
glycol and an alcohol or hydrocarbon Das. and Palit 
(6) titrated potentiometrically the acetates of calcium, 
magnesium, zinc, lead, manganese, and mercury, as 
bases with standard solutions of hydrochloric acid in the 
same solvent. 

The quantitative reduction of cobalt(II) chloride to 
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metallic cobalt by sodium naphthalide at the tenth- 
normal level in tetrahydrofuran solutions has been 
carried out by Chu and Friel (4). From the conducto- 
metric titrations performed in tetrahydrofuran, it was 
concluded that the reduction of metal salts by sodium 
naphthalide in this solvent requires the transfer of one 
or two electrons from the naphthalide ion to the metal- 
lic ion, with the resultant sodium ion and naphthalene 
playing no part in these reductions. 


LIQUID AMMONIA 


This solvent has been the most extensively studied 
nonaqueous system for many inorganic and organic 
reactions. The self-ionization of the solvent is ex- 
tremely low, but ammonia reacts readily with any pro- 
ton donor. 


NH; + HX — NH,t + X~ 


Acid-base reactions in liquid ammonia, as exempli- 
fied by the neutralization of ammonium chloride (an 
acid) with sodamide (a base), usually have not been 
investigated by conventional volumetric methods, but 
titrations have been made by adding portions of the 
acid as a solid (6). However, the potentiometric ti- 
trations for a variety of oxidation-reduction reactions, 
carried out volumetrically below the boiling point of 
the solvent, have been reported first by Zintl (49), and 
in recent years by Watt and his co-workers in a series 
of papers. For example, liquid ammonia solutions of 
alkali metal sulfides were titrated with an ammonia 
solution of the corresponding alkali metal, and the ti- 
tration curves 0’ ».ned were quite like those obtained 
for aqueous systems (43). From a study of the charac- 
teristics of electrode pairs in the titration of ammonium 
bromide with potassium amide, Watt and Sowards (44) 
designed a mercury-mercurous chloride half-cell to be 
used with a platinum indicator electrode for titrations 
in ammonia. ‘This electrode pair has been used to de- 
termine the relative acid strengths of chloride, acetate, 
and guanidinium ions in titrations with potassium 
amide (45). 

As a method for the detection and characterization 
of unusual oxidation states of various elements, Watt 
and his co-workers (41) investigated the potentiometric 
titration of liquid ammonia solutions of salts of higher 
oxidation states of several elements with standard 
solutions of alkali or alkaline earth metals in the same 
solvent. The reaction of potassium with potassium 
hexacyanocobaltate(III) appears to be a two electron 
reduction when the salt is in excess, and a one electron 
reduction when potassium is in excess (42): The reduc- 
tion of tetrammine platinum (II)bromide with potassium 
shows the reduction to proceed directly to platinum 
metal without the intermediate state being formed (39). 
In corresponding titrations of ammines of other plati- 
num group metals, rhodium(III) exhibited no change 
in oxidation state. From the titration of the iodides 
of zinc(II), cadmium(II), and mercury(II) with potas- 
sium in ammonia, a single reduction step to the metals 
is observed without formation of the intermediate state 
(40). The reduction of bismuth(III) iodide is similar, 
but the reactions of ferrous(II) bromide and cobalt(II) 
nitrate with potassium yield intermediate states and 
complex intermetallic compounds (38). The general 
utility of potentiometric titrations in the elucidation of 


172 


the course of reactions in liquid ammonia has been 
demonstrated. 


SULFUR DIOXIDE AND SIMILAR SOLVENTS 


Some investigators have assumed that liquid sulfur 
dioxide undergoes auto-ionization analogous to the 
corresponding dissociations of water and liquid am- 
monia. Thus, according to the equilibrium 


= SO*+* + 


any source of SO+* ion in solution would behave as an 
acid, and any source of SO;-~ would be a base. How- 
ever, exchange reactions have shown the absence of the 
thionyl ion in the solvent, but do not exclude an ionic 
mechanism for neutralization reactions in sulfur diox- 
ide. Jander, Wickert, and Ruppolt (21, 22) carried 
out a number of typical acid-base titrations using sul- 
fites and thionyl compounds, following the course of the 
reactions conductometrically. The reactions of thiony! 
chloride with halide salts investigated in this solvent 
(18) suggest ionic reactions involving SOCI*+ and Cl- 
ions. 

In fluorosulfonic acid the predominant ionic equilib- 
rium is 

2HSO;F H.*SO;F + SO;F- 


according to the conductance measurements of Woolf 
(46). The neutralization of the base potassium fluoro- 
sulfonate with the acid antimony(V) fluoride appeared 
to be the reaction of a strong acid with a strong base. 
Consequently, solutions of the fluorides of gold, tanta- 
lum, platinum, arsenic, bromine, and iodine, were clas- 
sified as acidic or basic in relation to potassium fluoro- 
sulfonate and antimony(V) fluoride. It is interesting 
to note that perchloric acid is titrated as a base with 
antimony(V) fluoride in fluorosulfonic acid as a solvent. 

In similar studies by Woolf and Emeléus (47), acid- 
base titrations, followed conductometrically, were per- 
formed in the ionizing solvent bromine trifluoride. 
For this solvent, 


2BrF; — BrF.*+ + BrF,- 


and the reaction of a base, silver bromofluoride (Ag*- 
BrF,~), with bromofluoridic (BrF.*)-containing acids 
was studied. The titration curves indicated the neutrali- 
zation to be an ionic reaction. 


SUMMARY 


Numerous examples may be found in the literature 
demonstrating the importance of titrimetric methods 
in the study of reactions of inorganic compounds in 
nonaqueous solvents. For neutralization reactions, 
visual indicators and potentiometric methods of end 
point detection have been used, but conductometric 
titrations are most frequently employed to follow the 
course of unknown reactions. Acid-base reactions have 
been studied in such solvents as acetic acid, ethylenedia- 
mine, hydrocarbons, chlorinated hydrocarbons, arsenic 
trichloride, liquid ammonia, sulfur dioxide, fluorosulfonic 
acid, bromine trifluoride, thionyl chloride, nitrosyl chlo- 
ride, and selenium(IV) oxychloride. Titrations involving 
oxidation-reduction reactions have been carried out in 
only a few solvents, namely, acetic acid, tetrahydro- 
furan, and liquid ammonia. As an analytical approach 
in the examination of inorganic reactions in nonaqueous 
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valuable in acetic acid and liquid ammonia, and it 
would be expected that volumetric methods might be 
applied fruitfully in other nonaqueous systems having 
current interest as reaction media. 
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Ir 1s often necessary to place a series of traps in a 
vacuum line, either to protect the pump or to collect 
fractions of differing volatility. The improvised trap 
arrangement described here has the advantage that it 
does not involve the use of rubber tubing or stoppers 
and is consequently free of contamination from these 
sources. Moreover, the capacity of each trap is large, 
and condensed liquid drains away leaving the vacuum 
line free of obstruction. 

Each trap consists of the heating chamber portion of 
an Abderhalden drying apparatus. The trap is 
mounted with its main axis vertical and the sample 
chamber filled with a refrigerant such as ice water, dry 
ice and acetone, liquid nitrogen, etc. The ground-glass 
joi ts on the heating chamber, which are ordinarily used 
for attachment of the boiling-flask and reflux condenser, 
are now used for assembling the vacuum line. If de- 
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sired, each trap can be placed in a Dewar flask for addi- 
tional cooling, but this is generally not necessary unless 
the trap is to be left unattended for a long period of 
time. 
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Aurnoven many results of ion exchange experiments 
in aqueous media have been published, there are few 
literature references to the use of ion exchangers in 
nonaqueous media or in mixed solvents. Articles 
describing the use of synthetic cation or anion exchange 
resins in nonaqueous or mixed solvents have been 
published principally within the past five or six years. 

This review is not intended to be exhaustive but will 
cover some of the recent developments in the use of 
synthetic ion exchangers for three types of separations: 
(1) the separation of ionic substances in nonaqueous or 
mixed solvents, (2) the separation of nonionic sub- 
stances in nonaqueous or mixed solutions, and (3) 
the separation of ionic from nonionic materials in 
solutions. All data which will be presented were 
obtained from experiments using the styrene-divinyl- 
benzene copolymer type exchangers with strong acid 
or strong base exchange sites. Dowex 50 and Amberlite 
IR-120 have sulfonic acid (RSO;~-) exchange sites 
while Dowex 2 has quaternary ammonium [RN?+- 
(CH3)2C2.H,OH] exchange sites. 


ION EXCHANGE IN AQUEOUS SOLUTION 


As a preface to the discussion of ion exchange in 
mixed solvents, a review of some results in aqueous 
media should be of interest. Without regard to sol- 
vent, the exchange of univalent ions may be regarded 
as a metathetical reaction which may be represented 
by the equation 

(A*). + (Bt); = (A*)i + (B*). (1) 


where A+ and B* represent the ions being exchanged 
and i and o represent the resin and outside solution 
phase respectively (1). For this reaction the equilib- 
rium constant involving ion activities may be written 
as 

“(A 
(A +),2(B +); 
If the activity coefficients of the ions in each phase are 
neglected, the expression for the “equilibrium quotient” 
or “selectivity coefficient”’ will be 

a 


K= (2) 


k (3) 
where X is the mole fraction of the ion in the resin 
phase and C is the molar concentration of the ion in 
the solution phase. It should be realized that this 
equilibrium quotient (k) is no longer a constant but 
will vary with the resin loading; i.e., the percentage of 
each ion associated with the resin. It will also vary 
for a given pair of ions with the divinylbenzene (DVB) 
content of the resin used. As a general approximation, 
it may be stated that selectivity coefficient values (k) 
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for the exchange of a given pair of ions are greater for 
resins of higher DVB content. It has been demon- 
strated further that the values of the selectivity co- 
efficients for exchanges between various ions may he 
combined into a selectivity scale. Since the lithium 
ion is the least preferred, the selectivity of the resin 
for it is taken as unity. This selectivity scale (2) 
for the common univalent ions in aqueous solution is 
shown in Table 1. It may be noted that the affinity 
of the resin for the ions is inversely related to their 
hydrated size. 


TABLE 1 


Selectivity Scale for the Removal of Ions from Aqueous 
Solution by Dowex 50 Resins 


4% 8% 16% 
DVB DVB DVB 
1.00 1.00 
7. 1.30 1.26 1.45 
a 1.49 1.88 2.23 
NH,* 1.75 2.22 3.07 
ag 2.09 2.63 4.15 
Rb* 2.22 2.89 4.19 
Cst 2.37 2.91 4.15 
Agt 4.00 7.36 19.4 
5.20 9.66 22.2 


ION EXCHANGE IN MIXED SOLVENTS 


After the accumulation of considerable data on 
ion exchange in aqueous media by various investiga- 
tors, the study of the effect of added organic solvent to 
the system was the next logical step. Ion exchange 
from mixed or nonaqueous solutions is a less understood 
problem as few thermodynamic data on electrolytes in 
such solutions are available. From the inspection of 
the few ion exchange data which are available, it 
appears that the “selectivity coefficient” for the ex- 
change of a given pair of ions is usually greater when 
these ions are dissolved in an organic solvent of lower 
dielectric constant than it is when they are dissolved 
in water. This coefficient is usually greater when 
mixed solvents are used than when the solvent is 
either pure component. The silver-hydrogen ex- 
change (3) from ethanol-water and dioxane-water 
media and the sodium-hydrogen exchange (4) from 
methanol-water media illustrate the effect of mixed 
solvents on two exchange systems. The resin used for 
these studies was 8% DVB Dowex 50. The selectivity 
coefficient, kA%.", is greater when the outside solution 
contains ethanol or dioxane than for pure aqueous solu- 
tions. It appears, however, that over a large range of 
resin loadings (0-80% of the resin capacity associated 
with silver ion) the preference of the resin for silver 
over hydrogen ion is slight, and it is sometimes actually 
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smaller in solutions of 75% organic solvent—25% 
water than in the solutions having equal weight per- 
centages of organic solvent and water. The selectivity 
coefficients in pure organic solvents could not be 
measured because of the insolubility of the silver salt. 
The sodium-hydrogen exchange in methanol-water 
solutions illustrates even better the above general 
statement regarding mixed solvents (4). The pref- 
erence of the resin for sodium ion over hydrogen ion 
js slightly greater in pure methanol (k}}%°=3.2) than 
in pure water (k}*°=1.52). It is much greater in 
solutions containing 50-95 mole % (64-97 weight %) 
methanol than in either pure solvent. A peak selec- 
tivity coefficient of 17.2 is observed when the solvent is 
75 mole % ethanol. 

Bafna (5) has found the various selectivity coeffi- 
cients to increase with increasing acetone (dielectric 
constant, D,=19.1) content of the solution in equilib- 
rium studies involving lithium, sodium, potassium 
and ammonium chlorides in aqueous acetone solutions. 
Sakaki and Kakihana (6) have observed in equilib- 
rium experiments with potassium, sodium, and 
lithium ions in ethanol-water (Dethanoi =24.3) and 
methanol-water (Dymethanoi=31.5) solutions that se- 
lectivity coefficients for the various exchanges are 
greater in ethanol-water solutions than in methanol- 
water solutions of the same alcohol content. This 
behavior illustrates the effect of the dielectric constant 
of the solvent on equilibria. They also observe the 
same order of preference of the resin for the ions in 
alcoholic solutions as in aqueous solutions. That 
preference is K+>Nat>Lit. 


ION EXCHANGE IN NONAQUEOUS MEDIA 


Equilibrium quotients for the sodium-hydrogen, 
ammonium-hydrogen and silver-sodium exchanges over 
a range of resin loading in pure methanol have been 
measured by Strobel and Gable (4) and compared with 
similar values for the aqueous systems (Tables 2-4). 
The selectivity coefficients for the Na+-H+ and Agt— 
Na* exchanges are higher in methanol than in aqueous 
media. There is a cross-over observed in the com- 
parison of kX" in methanol and water. This quo- 
tient is larger for low NH,* loadings in water and 
larger for high NH,+ loadings in methanol. No 
explanation of this anomaly has been attempted. 

An interesting application of the use of ion exchangers 
in nonaqueous media has been made by Brusset and 
Kikindai (7). Compounds such as the nitrate and 
sulfate of iodine are decomposed by water. These 
workers have removed the positively charged iodine 
cations from ethanolic solutions with Amberlite resin 
in the acid form. This exchange can be followed by 
observing either. the increase in H+ ion content or the 
decrease in iodine content of the solution. 


SEPARATION OF NONIONIC SUBSTANCES 


In addition to their ability selectively to remove 
ionic substances from solutions, ion exchange resins 
also absorb characteristic amounts of solvent. If 
several solvents are present, they will be absorbed in 
different amounts. It should be expected that this 
absorption would be a function of the DVB content of 
the resin, the dielectric constant of each solvent, and 
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TABLE 2 
Sodium-Hydrogen Equilibria on Dowex 50 in Water and 
Methanol 


CH;OH 


TABLE 3 
Ammonium-Hydrogen Equilibria on Dowex 50 in Water 
and Methanol 


% NH,Res 


Silver-Sodium Equilibria on Dowex 50 in Water and 
Methanol 


% AgRes 


the ionic form of the resin. Gregor (8) and co-workers 
have defined an equilibrium quotient or absorption 
quotient for the distribution of two solvents between 
the solution and resin phases which is similar to that 
for the distribution of ionic substances. 


ns Jr\Nw 

In this equation n, refers to the number of moles of 
water, n, to number of moles of solvent, and r to the 
resin phase. These workers have also measured values 
of this quotient for methanol-water, ethanol-water 
and dioxane-water systems in equilibrium with a 
cation exchange resin (8% DVB Dowex 50) in various 
ionic forms (Tables 5-7). These resins in all ionic 
forms selectively absorb water as shown by having an 
equilibrium quotient greater than unity. An anion 
exchange resin, 8% DVB Dowex 2, in the chloride 
form behaves similarly. This behavior should be 
expected for two reasons. The resins are ionic in 
character and should show an affinity for water, the 
more polar solvent. The resins must also swell in 
order to imbibe solvent. This requires work to stretch 
the resin matrix and therefore the solvent having the 
smaller molar volume should be favored. It may be 
noted from equation (3’), in which the equilibrium 
quotient is expressed in terms of molar quantities, 
that the absorption of the solvents on a nonpreferential 
basis would require a greater swelling of the resin as 
the concentration of organic solvent in the external 
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|| 
% NaRes H.0 
10 1.6 2.5 
30 1.5 3.0 
1.5 3.2 
70 1.5 3.1 
90 1.3 2.1 
r for 
y be 
H.0 CH,OH 
> (2) 10 33 1.6 
; 30 2.0 1.6 
on 18 50 1.8 1.8 
inity 70 1.6 1.9 
their 90 1.3 1.9 
d 
TABLE 4 
neous 
D 
2 10 3.0 17.0 
4 30 2.9 14.1 
50 2.9 12.3 
7 70 3.0 11.9 
5 90 3.7 11.2 
9 
= 


TABLE 5 
Absorption Coefficients, Re on: for Methanol-Water 
Equilibria on Dowex 50 

% CH;OH (external soln.) 

Ionic form A 
of resin 20 60 
NH,* 1.4 1.0 
(CH;)N* 1.5 1.5 
(C2H;).N * 1.9 
1.4 1.3 


TABLE 8 


Solvation of 8% DVB Dowex 50-Hydrogen Form 
(Grams Solvent per Equivalent Weight of Resin) 


Wt. % Ethanol- Diozxane- 
organic water water 
solvent solutions solutions 
0 205 205 
25 215 224 
50 202 229 
75 178 202 
100 94 83 


TABLE 6 
Absorption Coefficients, KES ow for Ethanol-Water 
Equilibria on Dowex 50 
% C2H;OH (external soln.) 
Tonic form A 
of resin 20 60 80 85 

NH,+ 1.5 2.6 5.8 8.2 
(CH;),N * 2.3 5.0 11.0 13.2 
(C2Hs),N * 3.2 5.3 8.5 4.8 
(CyHy)sN* 0.83 1.6 2.6 4.8 
Agt 1.7 4.3 9.8 


TABLE 9 


Solvation of 8% DVB Dowex 2—Chloride Form 
(Ethanol-Water Media) 


W.= 
wet wt. of saturated 
Moles resin 
Wt. % solvent - 
ethanol absorbed dry wt. of resin beads 
0 0.039 1.51 
20 0.039 1.60 
40 0.037 1.64 
60 0.034 1.63 
1.55 
1.41 


TABLE 7 
Absorption Coefficients, for Dioxane - Water 
Equilibria on Dowex 50 


% Dioxane (external soln.) 


NH,t 3.0 11.0 
(CH;)N* 4.7 15.5 
(C2Hs)4N * 9.6 38.1 

3.0 7.6 


TABLE 10 


Solvation of 8% DVB Dowex 50-Silver Form 
(Grams Solvent per Equivalent Weight of Resin) 


Wt. % Ethanol- Dioxane- 
organic water water 
solvent solutions solutions 


118 118 
25 95 123 


50 66 80 
75 43 55 
23 29 


solution is increased. This serves as an explanation 
of the variation of the absorption quotient with the 
composition of the outside solution which is observed 
for the ethanol-water and dioxane-water systems. 


ABSORPTION OF NONIONIC SUBSTANCES 


While this absorption quotient allows one to measure 
quantitatively the relative affinity of a given resin for 
two solvents, it does not give any information on the 
total amount of solvent imbibed by the resin. Al- 
though a resin has a definite capacity for the exchange 
of ionic substances which depends only upon the num- 
ber of exchange sites, the amount of solvent which may 
be absorbed is variable and is a function of the swelling 
of the resin. One would expect the resin to absorb 
fewer total moles of solvent when some of the solvent 
is an alcohol or dioxane because these have larger 
molar volumes: However, it is possible for fewer 
moles to be absorbed and yet to have a larger volume 
absorbed (3, 8). Dowex 50 in the acid form (Table 8) 
and Dowex 2 in the chloride form (Table 9) have a 
maximum absorption of solvent from ethanol-water 
solutions when the outside solution is 20-50 weight % 
ethanol. In the case of the anion exchanger it is 
illustrated, however, that this represents the absorp- 
tion of fewer total moles of solvent from these solutions 
than from pure water. Dowex 50 in the silver form 
(3) absorbs greater weights and volumes of mixed 
solvent from some aqueous-dioxane solutions (Table 
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10) than from pure water. The solvation decreases, 
however, with the ethanol content for all aqueous- 
ethanol solutions. This variation of solvent uptake 
has been verified in another manner by Gregor (8). 
The average diameters of the resin beads may be 
measured microscopically in their dry forms and also 
in equilibrium with various solutions. The ratio of 
the wet volume to dry volume is then a measure of 
their swelling and should be related to the volume of 
solvent absorbed. Dowex 50 in the tetramethyl 
ammonium form (Table 11) swells to a larger volume 
in 20% dioxane solutions than in pure water. This 
behavior is not noted in ethanol-water or methanol- 
water solutions for this resin. Strobel (4) has measured 
the swollen volumes of Dowex 50 in the acid, sodium, 


TABLE 11 
Swelling of 8% DVB Dowex 50—Tetramethylammonium 


Form 
wet volume of saturated resin bead 


Wt. % dry volume of resin bead 
organic Dioxane- Ethanol- M ethanol- 
solvent water water water 
0 1.62 1.62 1.62 
20 1.63 1.60 1.58 
40 1.62 1.56 1.51 
60 1.57 1.50 1.41 
80 1.46 1.35 1.28 
100 0.91 0.81 0.88 
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silver and ammonium forms in methanol-water solu- 
tions (Table 12). It cannot be deduced from these 
data whether a maximum in the swollen volume of the 
resin occurs with increasing methanol content because 
of the lack of data for solutions between 0 and 80% 
methanol content. The surprisingly large swollen 
volume of the ammonium form of the resin in pure 
methanol is of interest although no entirely adequate 
explanation is forthcoming. Bodamer and Kunin 
(9) in work using ethanol-water and ethanol-benzene 
systems show that Amberlite [R-120 resins in the acid 
form swell much more in mixed solvents than in either 
pure solvent. 


TABLE 13 
Glycerol Distribution Between Resin and Solution Phases 


Wt. % Wt. % in resin phase 
in external ————when % 
soln. 0 6 12 18 
10 6 s 9 12 
20 13 16 19 22 
30 22 25 28 33 
40 30 34 39 


TABLE 14 


TABLE 12 


Tabulated Values of V. for DVB Dowex 50 Resins in 
Methanol-Water Media 


Wt. % methanol (external soln.) 


Ionic form 0 80 100 
2.07 1.96 1.74 

Nat 1.94 1.69 1.12 
Ag* 1.70 1.23 1.05 
NH, 1.83 1.52 1.43 


SEPARATION OF IONIC FROM NONIONIC 
SUBSTANCES 


Finally, ion exchange resins may also be used for 
the separation of ionic from nonionic substances. The 
interface between the resin phase and the outer solu- 
tion may be considered as a semipermeable membrane 
through which all the components of the system except 
one may diffuse. The nondiffusible species is the ion 
attached to the resin matrix. A Donnan equilibrium 
then may be established at which time the chemical 
potential of each ionic or nonionic component of the 
system, with the exception of the nondiffusible com- 
ponent, must be the same on each side of the interface. 
Since the ion exchange resin is ionic in nature, the con- 
centration of ionic material in the resin phase is quite 
large even when the resin is immersed in a nonionic 
solvent. Any added electrolyte must therefore re- 
main largely in the solution phase at equilibrium. 
Nonionic material, on the other hand, is distributed 
more nearly equally between the two phases at equi- 
librium although there is some “salting out’ of this 
material in the resin phase. This difference in the 
distribution of ionic and nonionic materials between 
the two phases is the basis for their separations. 

Data on the distribution of glycerol and sodium 
chloride between 8% DVB Dowex 50 and the aqueous 
solution phase (Tables 13, 14) are furnished by Asher 
and Simpson (10). These workers have developed a 
procedure for the separation of glycerol and sodium 


Wt. % Wt. % in resin phase 
in external ———-when % glycerol is 
soln. 0 20 40 
5 0.5 0.6 0.7 
10 1.7 1.9 2.2 
15 4.1 4.7 
20 6.4 7.2 


chloride based on these data. A column is loaded with 
Dowex 50 in the sodium form. A volume of solution 
containing the two solutes equal to about one third of 
the total bulk volume of the resin bed is fed into the 
column. This volume is approximately the void 
space in the bed plus that of the solvent absorbed by 
the resin. Distilled water is then used as an elutrient. 
The initial eluent is richer in sodium chloride since it 
has been excluded from the resin phase. The con- 
centration of sodium chloride then decreases and the 
glycerol concentration increases as it is removed from 
the resin phase. Excellent separation is obtained under 
optimum conditions. For this system elevated tem- 
peratures are used because of the high: viscosity of 
glycerol. An increase in the feed volume gives larger 
concentrations of glycerol but the separation is less 
complete. 
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Recenrty in our laboratory we have been preparing 
iron(II) hydroxide in order to study its solubility in 
acidic and basic media. Our inability to obtain a pure 
product led us to investigate its preparation and sta- 
bility. 

In spite of the most stringent care taken in the 
exclusion of molecular oxygen in all steps of the prepara- 
tion, oxidation of the product is visually evident during 
the washing process even when performed under an 
atmosphere of hydrogen. Iron(II) hydroxide is a white 
gelatinous precipitate when prepared by the addition of 
base to a solution containing iron(II). The precipitate 
will absorb oxygen rapidly. Its color changes first to a 
dirty green, then to black and finally to the character- 
istic red-brown of hydrated iron(III) oxide. The black 
intermediate precipitate has been said to be stabilized in 
the presence of excess alkali and is reported! to be a 
compound of both divalent and trivalent iron with a 
composition represented as Fe(II) [Fe(III)O:]:. 

Although several methods for the preparation of 
white iron(II) hydroxide are given in the literature, of 
which that of Baudisch? is typical, they all involve a 
high ionic strength of inert salt and free alkali. Sidg- 
wick® in his inorganic treatise states contradictory 
evidence on the behavior of iron(II) hydroxide in dilute 
solution. 

An experiment was carried out to determine qualita- 
tively the composition of the green precipitate, re- 
portedly the initial stage in the oxidation of “white” 
iron(II) hydroxide. The hydroxide was precipitated, 
allowed to turn green and then redissolved in the 
presence of either thiocyanate or §-resorcyclic acid, both 
highly sensitive color-forming agents for trivalent iron. 
The resultant solutions, however, gave no indication of 
the presence, even in trace amounts, of iron(III). This 
would appear to indicate that the green material is not 
an oxidation product but rather a form of iron(II) 
hydroxide which differs from the white product in its 
degree of hydration, polymerization, or hydroxylation. 
The suggested reactions might be represented as follows: 


Fe(H:0)n(OH), + y Fe(H20)n+,(OH)2 
2Fe(OH). (FeOH).(OH)2 
FeCl.(aq) FeOHC] =+= Fe(OH). 


The recognized instability of iron(II) hydroxide in 
aqueous media can be related to the enhanced reducing 
power of divalent iron in basic solution by reference to 
the potential changes involved in its oxidation. The 
stability of a given member of an oxidation-reduction 
couple towards the decomposition of water is evaluated 


1 Krauss, A., Z. anorg. Chem., 174, 145 (1928). 

2 Bauniscu, O., Ber., 71, 992 (1938). 

3 Sipewick, N. V., “The Chemical Elements,’’ Oxford Uni- 
versity Press, 1950, pp. 1328 and 1329. 
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THE STABILITY OF IRON(II) HYDROXIDE 


KARL H. GAYER and LEO WOONTNER 
Wayne State University, Detroit, Michigan 


’ iron becomes a more powerful reducing agent. 


by reference to the couple involved pertinent to the 
water couple, i.e., for neutral solution: 


H. s+ 2H*+(107M) + 2e—- E = 0.414 
and in one molal base: 
H. + 20H- 2H:O + 2e- E°= 0.828 v. 


A reducing agent of a couple more positive than 0.414 v. 
is capable of liberating hydrogen from a neutral aqueous 
solution, whereas the potential of such an agent must 
be greater than 0.828 v. to decompose water in a solu- 
tion of one molal base. 

The standard potential, for the iron(II)-iron(I/I) 
couple is given as —0.771 v.; i.e., for the reaction: 


Fett = Fet? + e-, 
E = —0.771 — 0.059 log are+:/are ++ 


If the activity of the +3 ion is decreased while that of 
the +2 ion is increased, the second term becomes posi- 
tive and the potential of the couple increases; i.e., +2 
This is 
the situation which exists when alkali is added to a 
solution containing iron in both oxidation states. 
The activity of the iron-bearing ions present at equilib- 
rium with the corresponding hydroxide in pure water 
can be obtained from the value of the solubility product 
and, with this information, the effect on the potential 
of the system can be calculated as follows: 


are*? = K 


and are++ = 


If we choose 1 X 10-4? and 1 X.10-* for the solubility 
products of iron(IIT) and iron(II) hydroxides,‘ 
and K;pre(on, and substitute into the Nerst equation, 


we obtain 


E = —9.771 — 0.059 log *~ = 0.41 


This value closely approximates the potential necessary 
to affect the reduction of water (EK = +0.414). Ina 
one molal basic solution, the standard potential of the 
iron(II)-iron(III) couple is given by: 


OH- + Fe(OH): Fe(OH); + 


It will be recalled that under these conditions, the de- 
composition potential of water is 0.828 v. Iron(II) 
hydroxide would thus appear to be unstable in neutral 
solutions and to possess increasing stability as the 
basicity of the medium increases. 

The foregoing reasoning led to the attempt to pre 
pare iron(II) hydroxide from the chloride under such 
conditions that the hydroxy! ion concentration was not 
allowed to fall below approximately one molal until the 


4 Poursarx, M. J. N., “Thermodynamics of Dilute Aqueous 
Solutions,’’ Edward Arnold and Co., London, 1949, p. 81. 


E° = 0.56 
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precipitated from ‘strongly basic solution by the addi- 
tion of dilute iron(II) chloride to a saturated solution of 
sodium hydroxide in an air-free system with vigorous 
stirring. The precipitate was repeatedly washed with 
molal sodium hydroxide (oxygen and carbonate-free) 
until a test for chloride ion with silver nitrate could 
no longer be obtained. Five additional one-liter washb- 


chloride ion had been removed. The hydroxide was 


ings with normal base completed the preparation of the 
iron(II) hydroxide used for the solubility studies. 
This technique led to the formation of a coarse-grained 
precipitate, white when viewed by reflected light and 
slightly greenish tinged by transmitted light. Dilu- 


tions of the material were made to one-tenth molal base 
without evidence of darkening when maintained under 
an oxygen-free atmosphere. 


Ix writer's experience, students meeting the 
Rosanoff classification for the first time sometimes 
find difficulty in appreciating in full the relationships 
between the p and t series of the aldoses. The chart 
described below has been designed to bring out these 
relationships by making it possible to compare each 
sugar in the p series with its mirror-image in the L 
series. The student is then able to satisfy himself of 
the relationships and at the same time obtain a bird’s 
eye view of the classification. 

A sheet of white cardboard, or stiff paper, about 
8'/. by 11 inches is divided down the center by a “ver- 
tical” line (see Fig. 1). The p series is then written 
out as shown on the left half of the sheet starting with 
p-glyceraldehyde at the extreme left and ending with 
the eight hexoses at the center. The L series is simi- 
larly written on the righthand side of the sheet, with 
L-glyceraldehyde at the extreme right, so that each 
L-hexose confronts its enantiomorph across the “verti- 
cal” center line, which may be regarded as a hypo- 
thetical mirror. The sheet is then folded as shown 
inF igure 1 so that pairsof enantiomorphs can be brought 
into close proximity (e.g., the tetroses in Fig. 2) and the 
student can assure himself that a given member of 
each pair is truly the mirror-image of the other. 


Evrror’s Nore: This communication has been printed in such 
away that the author’s chart (Fig. 2) appears on the reverse side 
of the page. Readers may wish to clip this part of the page 
without damage to other text in the issue. 
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A CHART OF THE STEREOCHEMICAL 
RELATIONSHIPS OF THE ALDOSES 


P. F. NELSON 


Royal Melbourne Technical College, 
Melbourne, Australia 


If desired, copies of the chart may be cyclostyled on 
ordinary paper and distributed to students who gum 
them onto cardboard and fold them as directed. Each 
student thus has his own copy of the classification. 
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HYDROGEN AND OXYGEN IN GERMANIUM 


GERMANIUM is so sensitive to the presence of impurities such as gallium or arsenic that a concen- 
tration of one part in ten billion is sufficient to produce a measurable change in its conductivity 
at room temperature. Since there are about 4.4 X 10%* germanium atoms per cc., a concentration 
of the order of 10'* atoms of the impurity per cc. of germanium is significant. 

The levels of impurity concentration often defy detection by the usual analytical procedures. 
Poorly identified impurities which cause resistivity changes in germanium as a result of heat 
treatment have been called “thermium’’; poorly identified impurities which cause electron-hole 
lifetimes to diminish have been called “deathnium.’’ It is significant, therefore, that other im- 
purities present in amounts a hundred thousand times greater produce no known electrical effects. 
Two of these are hydrogen and oxygen which C. D. Thurmond, W. G. Guldner, and A. L. Beach 
of Bell Telephone Laboratories have recently found to occur in concentrations greater than 10% 
atoms per cc. 

Single crystals, as well as the polycrystalline germanium from which they were grown, were 
analyzed for hydrogen and oxygen by a refined vacuum fusion technique. In crystals grown 
under hydrogen the hydrogen content was 3 to 4 X 10" atoms per cc. and the oxygen was between 
1 and 2 X 10'8 atoms per cc. For crystals grown in vacuo, hydrogen was no greater than 1 to 
2 X 107 and oxygen about 6 X 10" atoms per cc. 

These results provide conclusive evidence that oxygen and hydrogen are both present in the 
interior of germanium single crystals. However, despite amounts greater than 10" atoms per 
cc., the electronic states of these gases are such that neither holes nor electrons are contributed in 
adequate numbers to affect the conduction process in germanium. Since about twice as many 
hydrogen as oxygen atoms are present, it is possible that these two gases react in germanium and 
exist as water molecules, thus accounting, in part, for their electrical neutrality. 
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I\ rer “History of the Chemical University Labora- 
tory at Heidelberg since the Founding by Bunsen,” 
Curtius and Rissom! state: | 

The first signs of chemical instruction at the Univer- 
sity of Heidelberg date from as early as seven decades 
before Bunsen was called as Professor of Chemistry and 
Director of the chemical laboratory of the University, 
namely in 1784, the year in which the ‘““Hohe Kameral- 
schule,” which had been founded in 1774 in the former 
capital city Lautern of the Palatinate, was moved from 
there by the Prince Elector Karl Theodor to Heidelberg, 
and, as Higher School of Political Economy, was in- 
corporated in the Philosophical Faculty of the Univer- 
sity.2 To provide an auditorium and to house its 
library, its natural history collection, and its collection 
of physical apparatus and models, Karl Theodor gave 
the school a residence, which had been built by General 
von Freudenberg? on “‘ an uncultivated desolate plot not 
far from the Obertor.” The garden, which faced the 
Neckar, and was planted on arches, was made into a 
botanical garden. A new structure in the left wing was 
equipped as a chemical laboratory.‘ It consisted of a 
fireproof room with furnaces, a room for glassware, and 
two smaller rooms. The supervision of all these collec- 
tions was given to Georg Adoph Suckow (or Succow), 
professor of pure and applied mathematics, natural 
history, chemistry, and botany, which disciplines he 
had in charge since 1777 at the school in Lautern before 
the removal to Heidelberg. After the reorganization 
of the University by Karl Friedrich, Grand Duke of 
Baden, the “‘Staatswirtschaftshohen Schule” was fused 
completely with the University in 1804. 

The collection of physics apparatus which was housed 
in a room of the former Jesuit College, and which had 
been administered by the professor of physics, was 
united with the apparatus collection of the Staatswirt- 
schaftshohen Schule in the von Freudenberg house and 


?Curtius, THEODOR, AND JOHANNES Rissom, “Geschichte 
des chemischen Universititslaboratorium zu Heidelberg seit der 
Griindung durch Bunsen.’ Verlag von F. W. Rochow, Uni- 
versitiitsbuchhandlung, Heidelberg, 1908. 

* QuincKE, Grore, ‘“‘Geschichte des physikalischen Institutes 
der Universitat Heidelberg.’”” Academic Oration of November 
21, 1885. J. Horning, Universitits Buchdruckerei, Heidel- 
berg, 1885. 

* No relation to the author. 

* Hrrscu, Dr., “Von der Universitatsgebauden in Heidelberg.” 
Carl Winters Universitats Buchhandlung, Heidelberg, 1903. 
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likewise put under the supervision of Suckow, who at 
the same time took over the lectures in experimental 
physics. In addition to Hofrat Suckow, who had charge 
of these multifold activities, there was at Heidelberg a 
rival, since 1805, in the person of the Associate Professor 
Karl Wilhelm Gottlieb Kastner, whose lectures pleased 
the students and who in addition showed many demon- 
stration experiments. 

In 1810 Kastner became Full Professor and lectured 
on experimental chemistry and experimental physics, 
and also for several years on botany. His request for a 
laboratory of his own was not granted, and in 1812 he 
went to the University of Halle as professor of chem- 
istry.’ There seems to have been considerable rivalry 
between Suckow and Kastner, punctuated by mutual re- 
criminations. Each used his own textbooks in chem- 
istry and physics lectures. 

After Kastner’s departure, his chair was occupied by a 
professor of philosophy, Jakob Friedrich Friess, and the 
next year, 1813, he inherited all of Suckow’s posts at the 
latter’s death. When Friess went to the University of 
Jena as “theoretical philosopher,”’ the chair of chem- 
istry at Heidelberg was separated from the other sub- 
jects (1817). Georg Wilhelm Muncke was called from 
Marburg to head the work in physics, and Leopold 
Gmelin,® associate professor in the medical faculty at 
Heidelberg, was named to the chemistry post. As rec- 
ompense for declining a call to Berlin as professor of 
chemistry, Gmelin was advanced to full professor. 

Suckow’s gravestone is in the Peterskirche in Heidel- 
berg in a niche of the south wall. Like most memorials 
of its kind and time it now attracts the attention only 
of specialists in academic history. The Latin inscrip- 
tion in translation reads: 


Gerore Apopx Succow. Doctor of Medicine and Philosophy, 
physicist, for 39 years professor public and in ordinary of chem- 
istry and natural history in the Ruprecht-Karl University, Privy 
Councillor of the Grand Duchy of Baden, member of several 
learned societies. . 

Born at Jena, January 28, 1751, died March 13, 1813. 

God has called me from you into the distant land—Earth 
where I was a guest, farewell. (Seneca) 


a He later taught at Bonn and Erlangen. His most famous 
pupil was Liebig, and Kastner played a key role in securing a 
stipend to enable the gifted young man to study under Gay- 
Lussac in Paris. See Onsper, R. E., Tots JourRNAL, 4, 1461 
(1927). 

6 Walden, P., THIs JOURNAL, 31, 538 (1954). 


THE U.S. S. R.’’ 


Tue literature searcher will be greatly aided if he 
knows something of the literature which he is about to 
search. Not the subject—for this is a conditio sine qua 
non—but the background which produces the published 
body of information. This background comprises re- 
search institutes, universities and professional schools, 
sponsoring bodies, publishers, and some aspects of pub- 
lishing technique. This background is of special im- 
portance when searching the literature published in the 
Soviet Union, not only because of language difficulties 
but also because Soviet scientific literature is not gener- 
ally available and bibliographical guides to it are equally 
scarce. Furthermore, Soviet publishing and distribu- 
tion patterns differ widely from our own and from the 
ones with which we are familiar. 

Not long ago a representative of one of our largest 
and best equipped libraries consulted me on how to ob- 
tain scientific and technical publications from the 
U. S. S. R. When questioned what is it specifically 
that his library wants he was vague and assured me that 
they have ample funds to buy “everything” of a scien- 
tific or technical nature to satisfy the many and various 
demands of their readers. In the U. S. S. R. where 
private enterprise is non-existent and the motive of 
financial profit absent such orders are totally useless. 
To obtain U. S. S. R. publications you have to know 
what you want and know it well. This is one of the 
reasons for the present series of papers. 


RESEARCH IN THE U. S. S. R. 


Basic research in the U. S. 8. R. is carried on pre- 
dominantly by the academies and universities, and the 
results are reported accordingly in academy and uni- 
versity publications. Industrial and applied research 
is carried on in industrial training and research institutes 
usually called Nauchno-Issledovatel’skii Institut, and in 
technological institutes called Politekhnicheskii Institut. 
Scientific research is also conducted in Pedagogical 
Institutes, Pedagogicheskii Institut, and the publications 
of these institutes contain very good papers. By far 
the greatest number of industrial training and research 
institutes is in the jurisdiction of the various ministries 
and supervised by the Learned Council, Uchenyit Sovet, 
established at each of the ministries for the purpose of 
planning and directing the training, research, and. de- 
velopment work in the field of activity of the particular 
ministry. 


1 This article embodies papers delivered before the Division of 
Chemical Literature at the 128th Meeting of the American Chem- 
ical Society, Minneapolis, September, 1955, and at the 130th 
Meeting, Atlantic City, September, 1956. 

? For the first of this series, see THIS JOURNAL, 33, 397 (1956). 
The third will appear in May. 
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SCIENTIFIC AND TECHNICAL LITERATURE OF 


r 
II. Facts and Figures p 
M. HOSEH p 
Chemical Abstracts, Washington, D. C. 7 
di 
There are scores of these industrial training and re- hi 
search institutes in the U.S. S. R. Their fields range 
from training and research in confectionery and pastry, @ 
Institut Konditorskoi Promyshlennosti, leather and foot- sh 
wear, Institut Kozhevno-Obwnoi Promyshlennosti, to se 
steel, Institut Stali, and chemical intermediates, Institut pe 
Khimicheskikh Poluproduktov. Many of the ministries co 
maintain more than one institute doing research in the m: 
various phases of the same general field. Most of the wl 
institutes provide for further academic training, anal- ste 
ogous to our postgraduate work, leading to higher | 
academic degrees. In this phase of their work the pe! 
institutes are subject to regulations of Ministry of me 
Higher Education, Ministerstvo Vysshego Obrazovaniya. to. 
An industrial training and research institute is carry- bo 
ing on research for an entire field of industry, e.g., ce- : 
ment, steel, or glass, and not for one particular plant or tiol 
industrial establishment, which they call ‘‘kombinat,” 1 
roughly comparable to our corporation. The results 2. 
of research carried out in these institutes are usually 
published in full in their own serials. The material . 
included in the theses and submitted in partial ful- 4, 
fillment of requirements for an academic degree are : 
published in condensed form and usually referred to as T 
“‘Autoreferat dissertatsti.” of | 
Patent practices of the U. S. S. R. are quite different gine 
from ours and those of other countries. A patent is Uni 
granted for an invention or an improvement either by Soci 
the ministry concerned or by the Patent Commission of colo, 
the Council of Ministers. The inventor is compensated W 
and the invention, if it has merits, is incorporated where can 
it is applicable. The patent has no restrictive force. Ag 
Patent specifications are published in the form of ab- Ast 
stracts in the Bulletin of Inventions, Byulleten’ [z- r 
bretenit, which is roughly comparable to our Official Bic 
Gazette issued by the Patent Office. Bu 
Individual plants (zavod, fabrika) or corporations js 
(kombinat) usually have their own control and ex- p 
perimental laboratories. Papers written by members Che 
of these laboratories are usually published in the in- Eng 
dustrial journals. in 
Judging from our receipts and available information, Th 
the largest volume of printed matter appears to be is- ineluc 
sued by the Ministry of Agriculture, Ministerstv poult; 


Sel’skogo Khozyaistua SSSR, and the Ministry of 
Health, Ministerstvo Zdravookhraneniya SSSR. 


group 


Severs 
Soobs 
of ac; 
unive 
Sities, 
group 
Ag 
publi 


CLASSIFICATIONS OF TECHNICAL LITERATURE 


Roughly, the scientific and technical publications 
can be divided into these groups: 

1. Those published by the Academy, its subdivi- 
sions and institutes, and by the major universities, 
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Moscow, Leningrad, Kiev, Kazan, and others. These 
publications report fundamental research in their 
respective fields. 

2. Publications of the industrial training and 
research institutes. These report predominantly ap- 
plied research. 

3. Industrial publications reporting little research 
and dealing mainly with plant-laboratory tests of 
practical nature. 

There are no hard and fast rules, and the demarca- 
tion lines are easily crossed. For that matter, the very 
division between fundamental and applied science can 
hardly be very clear-cut. 

The academies of the Federated Republics, with the 
exception of the Ukrainian Academy, cannot afford as 
sharp division between fundamental and applied re- 
search. Of necessity they have to deal with problems 
peculiar to their regions and this is reflected in the 
contents of their publications. The same is true of the 
material published by the many provincial universities 
which have neither as large nor as high caliber teaching 
staffs. 

Recently, 715 U. S. S. R. scientific and technical 
periodical publications falling within the three above 
mentioned groups, and containing material of interest 
to chemists were examined to ascertain their sponsoring 
bodies and fields of interest. 

With reference to the sponsoring body, the publica- 
tions are grouped as follows: 


1. Academies and their subdivisions........ 215 or 30.0% 
2. Universities, Pedagogical Institutes, 

Schools of Agriculture, of Medicine, and 

other professional schools............... 196 or 27.4% 


3. Industrial training and research institutes 141 or 19.9% 
4. Miscellaneous 17 or 2.3% 


The “Miscellaneous” group comprises publications 
of professional societies, such as the All-Union En- 
gineering Society, All-Union Chemical Society, All- 
Union Mineralogical Society, Metallurgical Society, 
Society of Physiologists, Biochemists, and Pharma- 
cologists, Society of Naturalists, and others. 

With reference to their subject field, the 715 titles 
can be grouped as follows: 


Agriculture. ..100 or 14.0% 
Astronomy and 
mathematics. .13 or 1.8% 


General...... 119 or 16.6% 
Geology and 
geophysics. . . .59 or 8.3% 


Biology, botany, Medicine... .. 120 or 16.8% 
and zoology..51 or 7.1% Mining and 

Building, heavy metallurgy... .39 or 5.5% 
industry, Petroleum...... 13 or 1.8% 
power........ 50 or 7.0% i, 14 or 1.9% 

Chemistry...... 51 or 7.1% Process 


Engineering... .23 or 3.2% 


industries... . . 38 or 5.3% 
Food industry. ..22 or 3.2% 


Miscellaneous. ..3 or 0.4% 


This is a rather rough classification. Agriculture 
includes pedology, agronomy, animal husbandry, 
poultry, apiculture, veterinary medicine, etc. The 
group “General” includes publications which cover 
several subject fields, e.g., Doklady, Vestnik, and 
Soobscheniya of the academies, the general publications 
of academy branches, and the general publications of 
universities. The publications of academies, univer- 
sities, and institutes having specific subject fields are 
grouped in the respective fields. ; 

A good knowledge of the nature and quality of these 
publications, a knowledge extending so-to-speak hori- 
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zontally and vertically is indispensable for effective and 

efficient search of U. 8S. S. R. scientific and technical 
literature. By horizontal and vertical distribution is 
here understood the distribution with respect to field of 
interest, e.g., steel, dyes, cement, and the professional 
level within the specific field, e.g., theoretical consid- 
erations, manufacturing practices, production, plant 
safety, etc. Such knowledge is essential in searching 
the literature in any language, but since fewer of us know 
Russian than other major languages, because U.S.S. R. 
literature is not generally available, and few if any 
reliable guides to it are extant, this background knowl- 
edge is much more important. 

To take a specific example: if you are interested in 
naval stores it would be quite futile to search the pub- 
lications of the Armenian Academy or those of the 
Crimean Branch of the U.S. 8S. R. Academy, or publica- 
tions of the Kishinev University. This particular 
search should concentrate on the publications of the 
Forest Technology Institute, Sbornik Nauchno-Is- 
sledovatel’skikh Rabot, Lesotekhnicheskii Institut, those 
of the Forest Technology Academy, Trudy, Lesotekh- 
nicheskaya Akademiya, of the Belorussian Forest 
Technology Institute, Sbornik Nauchnykh Trudov, 
Belorusskit Lesotekhnicheskii Institut, the publications 
of the Siberian Branch of the U.S. S. R. Academy, 
Sibirskit Filial Akademii Nauk SSSR, of the Ural 
Branch, Ural’skii Filial Akademii Nauk SSSR, of the 
several Siberian universities, or the pertinent pub- 
lications of the Latvian and Lithuanian academies and 
universities, to mention the most important sources. 


SIZE OF PUBLICATIONS: 1940-55 


It is quite obvious that the size of an edition affects 
greatly the availablity of a publication. Ordinarily, 
the number of printed copies is of little interest to the 
chemist searching the literature. If a publication is 
needed but not available in the library, its purchase 
can be requested even if it means ordering it from 
abroad. In the worst case, a reprint of a particular 
paper or a photocopy can be obtained. This is not the 
case with U. S. S. R. publications. Unless the publi- 
cation is available at our national library (Library of 
Congress), it cannot be obtained. 

The period covered by this study extends from 1940 
to 1955 and the comparative surveys are made at five 
years’ interval. In 1940 or just before the war, the 
output of scientific and technical literature in the 
U.8.S. R. was normal for that time. Immediately fol- 
lowing the outbreak of the war, the number of pub- 
lications and the size of editions dropped. Publica- 
tions in related fields combined and others were sus- 
pended. The downward trend continued to about 
1945 at which time it started upward again. In 1950 
the recovery was complete. In 1954-55 new titles 
appeared in number and the size of editions increased 
greatly. 

For the purpose of examining the size of editions as it 
varies with the character of the publication and over a 
period of time 100 titles currently received in this 
country were selected. These comprise predominantly 
periodicals, i.e., publications scheduled to appear at 
definite time intervals, and a few serials or publications 
appearing continuously but having no definite perio- 
dicity. 
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Of the selected titles 76 are published by bodies of 
the central government: U.S.S. R. Academy of Sciences 
publishes 24 and the ministries publish 52 of this selec- 
tion. Another 7 titles are the various series of Refera- 
tivnt Zhurnal. Ten others are published by the 
academies of the Federated Republics and the rest by 
universities. 

The professional level of the selected publications 
varies from those which are intended for technicians 
and industrial foremen to publications of purely theo- 
retical interest. 

The main publication of a university if it appears in 
one series includes both humanities and _ sciences. 
Frequently, two series are published, one devoted to 
humanities and the other to natural and mathematical 
sciences. If a university publishes more than one 
serial, such as Vestnik and Nauchnye or Uchenye Zapiskt, 
the Zapiski (usually a serial) may contain papers in 
more than one department of sciences or it may be de- 
voted alternatingly to chemistry in one issue, to physics, 
geology, or other fields in subsequent issues. 

Of the publications examined Sovetskaya Meditsina 
had the largest number of printed copies—58,000. This 
publication is sponsored by the Ministry of Health 
(Ministerstvo Zdravookhraneniya SSSR) and is pub- 
lished by Medgiz, the publishing arm of the same 
Ministry. Among the publications issued by the 
central administration, the serial Izvestiya Sektora 
Platiny « Drugikh Blagorodnykh Metallov has the 
smallest number of copies—1500. It deals with noble 
metals and their coordination compounds, the work 
being done by a subdivision of the Department of 
General and Inorganic Chemistry in the U.S. S. R. 
Academy of Sciences. It is published by the Academy. 
The second and third largest editions, 55,000 and 
43,000, respectively, are those of Veterinariya and 
Energetik, the former (Veterinary Medicine) sponsored 
by the Ministry of Agriculture (Ministerstvo Sel’ skogo 
Khozyaistva SSSR) and published by Sel’skhozgiz, and 
the latter (Power Engineer) sponsored by the Ministry 
of Power Generating Stations (Ministersivo Elektro- 
stantsit SSSR) and published by Gosenergizdat. 

Of Academy publications examined, the largest edi- 
tions were those of the Vestnik Akademii Nauk SSSR 
(the house organ of the Academy), 7625 copies, Uspekhi 
Khimii (Advances in Chemistry), 6725 copies, and 
Zhurnal Analiticheskoit Khimii (Analytical Chemistry), 
6625 copies. The smallest editions were those of the 
previously mentioned Izvestiya Sektora Platiny and 
Izvestiya Sektora Fiziko-Khimicheskogo Analiza, 1500 
copies each, Trudy Pochvennogo Instituta (Soil 
Institute) and Trudy Instituta Fiziologiit Rastenii 
(Plant Physiology), around 2000 copies each, and 
Kolloidnyi Zhurnal, 3080 copies. 

The increase in the number of copies printed in 1955 
over that of 1940 or 1939 (whichever was available for 
examination) is very substantial except in the case of 
one publication Zavodskaya Laboratoriya (Industrial 
Laboratory) where there was a decrease of 16.7%. 

For Academy publications, the increase ranges from 
41% for Pochvovedenie (Pedology) and 43% for Zhurnal 
Obshchet Khimit (Journal of General Chemistry) to 
148% for Izvestiya Akademii Nauk, Otdelenie Tekh- 
nicheskikh Nauk (Division of Technological Sciences) 
and 221% for Zhurnal Analiticheskot Khimii. The 


184 


average increase in the number of copies printed of 
periodicals in the field of heavy industry is 68.6% and 
ranges from 200% for Vestnik Mashinostroeniya (Ma- 
chine Building) to minus 16.3% for the above men- 
tioned Zavodskaya Laboratoriya. 

The increases in the size of editions in 1955 over that 
of 1940 or 1939 of periodical publications in the fields of 
mining, power, medicine, and agriculture is of the same 
order of magnitude. Periodicals of the Ukrainian 
Academy of Sciences appear in 1000-1200 copies, an 
exception being Avtomaticheskaya Svarka (Automatic 
Welding) published in 5000 copies. The Kazakh 
Academy of Sciences prints 1200 copies of its Vestnik. 
Most of the academies of the other Federated Repub- 
lics print around 700-750 copies of each of their periodi- 
cals. 

The Vestnik of the Moscow and Leningrad univer- 
sities appear in 1400-1600 copies, the Nauchnye and 
Uchenye Zapiski of most of the universities appear in 
around 700 copies or less. Some of the provincial 
university publications not included in this survey 
appear in approximately 300 copies. 

The Referativnyt Zhurnal series appears in 21,950 
copies. Of these the largest edition is that of Khimiya 
series in 4850 copies and the smallest is the Béologi- 
cheskaya Khimiya in 1500 copies. The latter was only 
recently split out from Khimiya and is actually a part 
of it; thus, the chemistry series appears in 6350 copies. 
The other series Fizika, Geologiya i Geografiya, As- 
tronomiya i Geodeziya, Mekhanika, and Biologiya appear 
in approximately 3000 copies each. 


ABSTRACTS"AND BIBLIOGRAPHIES 


Except for a brief period of 1938-41 during which 
appeared Khimicheskit Referativnyi Zhurnal, abstract- 
ing of chemical literature in the Soviet Union did not 
start until 1953. Therefore, any search of that mate- 
rial has to start with Chemical Abstracts. 

In 1953 the various series of Referativnyi Zhurnal 
began to appear. The coverage also started with that 
year, i.e., that material published prior to that does 
not enter the Referativnyi Zhurnal. Chemical Abstracts 


has an understanding with Referat. Zhur. that abstracts § 


may be translated from one into the other giving credit 
to the source. 

The Referat. Zhur. appears in these series: Astronomy 
and Geodesy; Automation; Radio Engineering, Elec- 
tronics, and Electrical Engineering; Biology; Biologi- 
cal Chemistry; Chemistry; Geography; Geology; 
Mathematics; Mechanical Engineering; Mechanics; 
Metallurgy; and Physics. There also is an abstract 
journal from medical literature, Sovetskoe Meditsinskoe 
Referativnoe Obozrenie (SMRO). This publication 
appears in fifteen series dealing with the various bran- 
ches of medicine and has an author and subject index. 

Three Soviet publications, Uspekhi Khimii, Us 
pekhi Fizicheskikh Nauk, and Uspekhi Sovremennoi 
Biologii, are largely devoted to reviews. These pub- 
lications should be noted by the searcher because of 
extensive bibliographies appended to the review arti 
cles. Pertinent, extensive bibliographies are to be 
found in Trudy Instituta Geoloyicheskikh Nauk AN 
SSSR. Review articles on specific topics are like'y to 
appear in other publications and they are wort! pe 
rusing for their bibliographies: 
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The publications just mentioned are periodicals, i.e., 
are scheduled to appear at regular intervals. In ad- 
dition, there are Uspekhi (Advances) appearing as 
serials, e.g., Uspekhi Biologicheskot Khimii published 
by the Academy, Uspekhi Khimii i Tekhnologii Poli- 
mrov (Advances in chemistry and technology of poly- 
mers) sponsored by the All-Union Chemical Society, 
and others. These publications too carry extensive 
bi! liographies. 

Soviet periodicals are rather prompt in publishing 
indexes at the end of the year. The subject indexes 
of specific publications should be examined when 
searching for specific topics. 

An organization within the Ministry of Culture is the 
Vsesoyuznaya Knizhnaya Palata (All-Union Book 
Palace) charged with maintaining the national bib- 
liography of the Soviet Union. The law provides 
that the Vsesoyuznaya Knizhnaya Palata receive one 


or more copies of each item printed anywhere in the 
Soviet Union. The material received by the Knizh- 
naya Palata is recorded in a series of bibliographies 
called Letopis’ (Record) published by the Knizhnaya 
Palata. Of primary interest to the searcher of scien- 
tific and technical literature is the Knizhnaya Letopis’ 
(Book Record) which also indexes dissertations for 
advanced degrees, and the Letopis Zhurnal'nykh Statei 
(Record of Periodical Articles). There is also a record 
of newspaper articles, one for music, one for art, and so 
on. The Record of Periodicals, issued weekly, com- 
prises a briefly annotated listing of articles published 
in the periodical literature arranged by subject. Each 
issue has an alphabetical index of periodicals reviewed 
in the particular issue. 

The Letopis Zhurnal'nykh Statet is not a very ef- 
ficient tool for subject searching. It is of primary 
importance as a title bibliography, i.e., a listing of what 
is being published. 


FROM CABUL TO COBALT 


Oxy a few years ago, archaeologists discovered blue 
glass statuettes in Egyptian tombs presumably un- 


opened for over 4000 years. Modern spectrographic 
analysis identified the coloring agent as cobalt. Neck- 
laces of blue glass beads tinted with cobalt were worn 
by the Persian ladies of 2250 B.c. Modern ladies are 
still wearing jewelry in which cobalt plays a part. The 
ancient Egyptians apparently learned to use cobalt ores 
to decorate not only glass but pottery and enamels. 
This use of cobalt is still an art. 

Although the element cobalt was discovered by the 
Swede, Brandt, in either 1735 or 1742, it did not become 
an important industrial metal until 200 years later. 
In fact, cobalt has been used industrially as a metal 
only since the beginning of this century; Elwood 
Haynes, then an automobile manufacturer of Kokomo, 
Indiana, pioneered with cobalt-chromium alloys. 
These alloys have been the basis for a series of alloys 
now used in practically every modern industry because 
of their resistance to corrosion, wear, and high tempera- 
ture. The modern high-temperature cobalt alloys 
account for the largest tonnage consumption of cobalt 
today. 

But let us go back to early uses and rediscover the 
romance of cobalt. The early use of cobalt ore to help 
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A Historical View of the 
‘Mischievous Metal’’ 


F. R. MORRAL 
Battelle Memorial Institute, Columbus, Ohio 


decorate glass has been mentioned. The Egyptians 
are credited also with being the first to use these ores to 
color pottery and use them in porcelain enamels. In 
the Orient, this use was not common until around 600 
A.D. King Solomon offered some mines in Cabul to 
Hiram of Tyre, which the latter refused because of the 
difficulties associated in handling the ores; and certain 
Bible scholars believe that cobalt may have been among 
these ores. One historian traces the word “cobalt” 
back to this Land of “Cabul” in Palestine. The 
modern history of cobalt probably starts in the thir- 
teenth century, and the terms Kobold, Kobalt, Kobelt, 
Cobel, Cobalt, and the like appear in records in Saxony. 
Whenever the Harz Mountains miners attempted to 
recover silver from argento-cobalt arsenide ores, they 
found that these ores would yield only stinking, poison- 
ous fumes together with useless and brittle hard-to- 
melt lumps. The miners attributed these undesirable 
results to the bad or mischievous underground moun- 
tain spirits or goblins called Kobolds, and it was thus 
that what was originally a sobriquet became the modern 
name of the metal. (Even today, cobalt ores are a 
headache to extractive metallurgists because of the diffi- 
culty in recovering the cobalt.) This industry had 
many ups and downs, ending as the royal prerogative 
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of the princes of Saxony. All buying and selling of 
cobalt in this area after 1609 was handled for the royal 
house by the tithe collector. 

In 1470, in Saxony, it was discovered that the brittle 
lumps could be ground to “saffre,” which was sold to 
the ceramics and glass industries of Europe. In 1540, 
C. Schiirer, in Bohemia, produced the double silicate of 
cobalt and potassium which, after granulation in water, 
resulted in “smelt” (or “smalt’’). This contained 
about 6% of cobalt and was used for coloring in the 
ceramic, pottery, glass, and paint industries. 

The state of the art of using cobalt is mentioned in 
early and well-known texts such as Biringuccio’s Piro- 
technia (1540), and in Agricola’s De Re Metallica (1556). 
In an alchemical treatise of the eighteenth century by 
C. E. Gellerest, the symbol ‘‘K” is used for cobalt, and 
in 1792, F. Kapff authored a book on “Beitrage zur 
Geschichte des Kobolts, Koboltbergbaues in der Blau- 
farbenwerke,” i.e., “Contributions to the History of 
Cobalt, Cobalt Mining in Blue-Dye Manufacturing.”’ 

R. Béttger in 1842 was probably the first to show that 
cobalt could be electroplated, and much was expected 
of this application of cobalt in the next 75 years by 
various investigators and writers. Unfortunately, 
nothing came of this, although in 1892 it was reported 
that articles plated with cobalt were less corroded in 
the atmosphere of London than were articles plated 
with silver or nickel. 


TWENTIETH CENTURY: ALLOYS 


In 1905, it was discovered that cobalt in high-speed 
steels improved the steel’s resistance to wear at a red 
heat. In 1912 the use of cobalt in magnet-type ma- 
terials was developed. Research and improvements 
made since then make possible light and high-efficiency 
magnets used in all types of instruments, particularly 
in weight-conscious industries, or where space is a factor. 

A number of new alloys were developed in 1923 
when K. Schréter developed cemented tungsten car- 
bide-cobalt alloys. These alloys, used at first for cut- 
ting purposes, are now used when wear-corrosion resist- 
ance is important and in other applications. They 
have been decisive in assisting the tool industry and 
raising world standards of production and productivity. 
In World War II and the years following, the cobalt- 
base cutting alloys and high-temperature alloys have 
played a decisive role in making possible superchargers, 
turbines, and jet engines. Cobalt alloys have been 
developed for lamp filaments and wire leads, thermo- 


elements, metal-glass seals, dental alloys, jewelry, 
fountain-pen points, and the like. 

Cobalt salts were used extensively in the seventeenth 
century in the sympathetic inks industry. This use 
disappeared but, in the early twentieth century, certain 
salts found new uses as driers in paints, varnishes, and 
lacquers. An important use of cobalt salts today is in 
catalyst mixtures used in the modern chemical and 
petrochemicals industries. 

In 1936 it was discovered that the health of sheep 
and some other types of cattle was adversely affected 
when a necessary minimum of cobalt was lacking in 
soil or forage. Later on it was learned that cobalt is 
an important element in Vitamin By». Cobalt® is used 
in the medical field as well as in other fields because of 
the rays it emits. In 1955 it was found that cobalt in 
glass was useful in measuring doses of high-energy radia- 
tion and to indicate cancer-treatment doses. Thus, 
cobalt in radiation medicine has two complementary 
functions. 

Roughly a decade ago our metal economists recorded 
that the U. 8. consumption of cobalt was nearly 80% of 
world production. Since then, U. S. consumption has 
nearly doubled; yet in 1955 it was only 35% of world 
production. The remaining 65% was divided between 
consumption of the rest of the world and stockpiling. 

In surveying the history of cobalt, the following facts 
stand out: 

(1) Cobalt in chemical compounds has played an 
important part in man’s civilization since antiquity. 

(2) The life of cobalt as an industrial metal has been 
in existence for only some 50 years, of which the last 15 
have been the most active. 

(3) Despite the present state of the science of met- 
als, the metallurgist is still being plagued by problems 
resulting from lack of knowledge of many key properties 
of cobalt. However, the use of high-purity cobalt and 
modern techniques should overcome these difficulties. 

(4) Cobalt has gone through feast and famine sev- 
eral times in its history, from the points of view of 
price, production, and consumption. 

Now the supply of metal appears to be plentiful for all 
uses where cobalt can do the best job. To help users 
and encourage research on the applications of cobalt, a 
Cobalt Information Center was established at Battelle 
Memorial Institute in 1956. Man’s ingenuity—through 
research—will provide the new knowledge of proper- 
ties and behavior that will help in the taming and 
understanding of cobalt. 


JOURNAL OF MOLECULAR SPECTROSCOPY 


AcapEmic Press Inc., Publishers, announce the “Journal of Molecular Spectroscopy,’’ which will 


be edited by Dr. Harald H. Nielsen, Department of Physics, Ohio State University, Columbus, 
Ohio. The journal will be devoted to publication of original research papers dealing with molecular 
spectra in emission and absorption, molecular spectra in the ultraviolet, the visible, the near and 
far infrared, and in the microwave region. It will also contain contributions on Raman spectros- 
copy and radio frequency spectroscopy (including nuclear magnetic resonance spectroscopy). 

It is planned to publish Volume 1, consisting of 4 issues, during 1957. Volume 1, Number 1, 
is scheduled for release in May, 1957. Subscriptions for Volume 1, priced at $10.00, should be 


sent to the publishers, Academic Press Inc., 111 Fifth Avenue, New York 3, New York. 
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T iz idea of a lone pair of electrons may be used to give 
a qualitative explanation of a number of interesting as- 
pects of chemical bonding such as bond angles, bond 
energies, bond lengths, dipole moments, coordination 
compounds, and hydrogen bonding. 

The lone pair electrons are, of course, those electrons 
in a doubly-filled atomic orbital which remain effectively 
unchanged when the atom combines with other atoms to 
form a molecule; they may be in simple s, p, d, or f 
orbitals, or they may occupy hybridized orbitals. Thus 
in the formation of a chlorine molecule from two 
chlorine atoms with configurations 1s?2s?2p°3s?(3p-) 
(3p,)? (3pz)*, the Cl—Cl bond (taken as the z axis) is 
formed by the pairing of the 3p, electrons, and the other 
valence-shel] electrons, 3s?(3p,)*(3p,)*, remain as lone 
pairs in the atomic orbitals. The inner-shell electrons 
of the chlorine atoms, 1s? 2s* 2p*®, remain as dense, com- 
pact electronic clouds near the chlorine nuclei; we shall 
presently see how they affect both bond energies and 
bond lengths. In the ammonia molecule, however, 
the nitrogen atom with the configuration 1s? 2s? 2p, 
2p, 2p2, can be considered to form three bonds with the 
hydrogen atoms by pairing each of its 2p electrons with 
a ls electron from a hydrogen atom, thus leaving a 2s? 
lone pair of electrons. Now the three N—H bonds in 
ammonia would be pyramidal with HNH angles of 90° 
if the nitrogen atom used simple p orbitals for bonding 
to the hydrogen atoms, whereas the actual angles are 
106.75°, a divergence from simple theory that is far too 
great to be explained satisfactorily on the basis of re- 
pulsion between the hydrogen atoms and ionic contri- 
bution to the bonding. The electrons in the nitrogen 
atom are therefore considered to be in approximately 
equivalent sp* hybridized orbitals, i.e., 1s? (sp*)?,(sp*)» 
(sp*),(sp*), with three unpaired electrons in equiv- 
alent (sp*), orbitals (for bonding to the hydrogen atoms) 
and a pair of electrons in the remaining (sp*), hybrid or- 
bital. As the bond angles in ammonia are not quite 
tetrahedral, the (sp*), orbitals have rather more p char- 
acter than the (sp*), orbital. It can thus be seen that in 
the ammonia molecule, the nitrogen atom has its lone 
pair of electrons protruding from the rest of the mole- 
cule in an approximately sp* orbital (see Figure 1). 

The lone pair electrons, whether in simple or hybrid 
orbitals, have profound 
eflects on the properties 
of the molecule; these 
efiects may conveniently 
be diseussed under four 
main headings: (1) Bond N 
angles; (2) Dipole mo- 
ments; (3) Bond ener- 
gies and bond lengths; 
(4) Further bonding: (a) 
Coorjination, (b) Hydro- H 
gen | onding. Figure 1. The Ammonia Molecule 
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BOND ANGLES 


The electrons associated with the nitrogen atom in the 
ammonia molecule will try to arrange themselves so as 
to give the greatest possible mutual separation, and 
Mellish and Linnett (1) have pointed out that the lone 
pair electrons in the tetrahedral orbital will take up 
more volume than will the electrons of the N—H bonds, 
so that the three N—H bonds will be forced together 
until the minimum energy position (corresponding to 
the best electronic arrangement) is reached. The 
natural position is thus considered to be the tetrahedral 
one, and the effect of the lone pair electrons is to force 
the bonds somewhat together. The actual bonding 
orbitals used by the nitrogen atom will now have rather 
more p character than would be found in sp* hybrids, 
but this is a result of the influence of the lone pair elec- 
trons. 

When we consider the water molecule, we see that the 
oxygen atom has two lone pairs of electrons, with a 
HOH angle of 104.5°. We can again consider the 
tetrahedral angle as the natura] one, but we now have 
the two lone pairs to consider, and their “spread’’ will 
force the O-H bonds closer together, just as in the case of 
the N—H bonds in ammonia, but with a correspondingly 
greater effect. We can thus compare the effect of the 
lone pair electrons in the series, CH,, NH;, OH2; the 
tetrahedral angle in methane is reduced by some 2.75° 
when one lone pair of electrons is present, and by a 
further 2.25° for the second lone pair. 

In addition to the explanation of such bond angles, 
this tendency for the lone pair electrons to spread 
themselves out as much as possible also explains why 
molecules such as H,O. and 8.Cl. take up their par- 
ticular geometrical arrangement of bonds. Thus, if on 
the simplest basis, the electrons in the oxygen atoms of 
H,0, are taken as unhybridized, 1s? 2s* 2p, 2p, (2p.)*, 
then the O—O bond is formed along the x axis by the 
mutual overlap of the 2p, electrons, and the O—H bonds 
are formed by the overlap of the hydrogen 1s orbitals 
with the 2p, orbitals of the oxygen atoms. We might 
then expect a 


H H or H 


| 


structure, which would leave the lone pair electrons in 
parallel 2p, orbitals. The molecule can then be thought 
of as twisting about the O—O bond so that the two lone 
pairs are at right angles to one another and hence in the 
minimum energy position. 

Alternatively, one oxygen atom can be considered to 
have its lone pair in a 2p, orbital and the other oxygen 
atom to have its lone pair in the 2p, orbital. This 
simple interpretation is analogous to considering H,O 
as a right-angled structure with simple p bonds; the 
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bond angles in H,O, are actually 94° and 97°, and the 
bonding electrons must therefore really have some s 
character. (A more elegant discussion on the basis 
of hybrid orbitals leads to the same result, but for a 
more detailed consideration of the structure of H,Oz, 
including hybridization, see Cartmell and Fowles (2).) 


DIPOLE MOMENTS 


We have seen that the structure of the ammonia 
molecule is best understood if we consider the electrons 
in the nitrogen atom to be in approximately sp* hy- 
bridized orbitals, with one of the orbitals containing 
two electrons. The nitrogen trifluoride molecule, with 
an FNF angle of 102.5°, no doubt has a similar struc- 
ture. This suggestion enables us to explain the ob- 
served dipole moments, NH; = 1.46 D and NF; = 0.24 
D, which are unexpected since N—H bonds have much 
less polar character than N—F bonds and should there- 
fore give a much smaller dipole moment for the NH; 
molecule. The difficulty is resolved when we realize 
that the lone pair of electrons is not symmetrical 
about the nitrogen atom; the center of the charge is 
some distance from the nitrogen atom, and there is 
accordingly a resultant “lone-pair dipole moment.” 
Duncan and Pople (3) have calculated that the dipole 
moment due to the three N—H bonds in ammonia is 
—2.21 D, with the negative end of the dipole on the 
hydrogen atom. This dipole is more than outweighed 
by that of the lone pair electrons, which is in the op- 
posite direction (+3.67 D), and there is an over-all 
dipole moment of 1.46 D. With NF;, on the other 
hand, the dipole moment due to the three N—F bonds is 
much larger, and the opposing moments lead to a 
small resultant dipole moment for the molecule. 


giving ! giving » 


“AIS, AIS, 


H 
Figure 2. Dipole Moments for NH; and NF; 


The water molecule also has an approximately 
tetrahedral structure, with two lone pairs of electrons, 
whose dipole moments outweigh those of the two O—H 
bonds. 

In a similar way, the low dipole moment of the 
ozone molecule (= 0.52 D) can be explained. Recent 
microwave measurements have shown that the OOO 
angle is 116° 49’ so that the Dewar z-bond structure, 
which required an acute-angled structure, is no longer 
tenable. The usual description of obtuse-angled ozone 
is one of resonance between the canonical forms 


O 
I II III IV 
O O O O 
62 


VI VII VIII 


But the more important canonical forms I and I] 


imply that the true structure must have an apprecia))le s 
dipole moment (of the order of 3 D). The difficulty is ‘zat 
overcome if we consider the central oxygen atom to use on 
two hybrid orbitals for forming the two « O—-( 
bonds, with the lone pair electrons occupying the re- lor 

maining hybrid orbital. The resulting lone pair dipole . 
is in opposition to that required by the canonical forts, rhe 
and thereby explains why the molecule has a smal] ~~ 
dipole moment. inc 

The dipole moment of the lone pair electrons mist ai 
also be considered in such simple molecules as ‘he in 
hydrogen halides (4), carbon monoxide (5), and nitric at 
oxide. Thus in HCl it is necessary to attribute par'ial then 
sp hybridization to the chlorine atom, so that a lone the: 
pair of electrons points away from the hydrogen atom Al 
and contributes appreciably to the dipole moment of dill 
the molecule. Similarly, the carbon atom in CO «nd thor 
the nitrogen atom in NO are considered to be sp hy- pa 
bridized, so that in each molecule a lone pair of elec- poe 
trons points away from the oxygen atom, and gives rise bond 
to a dipole moment in opposition to that provided by the tabu 
bonding electrons. din 
BOND ENERGIES AND BOND LENGTHS : = 

We have seen that the lone pair of electrons on the Pr % 
nitrogen atom determines the HNH angles in the 
ammonia molecule because of the mutual repulsion 
between the lone pair electrons and the electrons of the 
N—H bonds; this repulsion also directly influences 
the strength of the N—H bonds. There are other 
repulsions which affect bonding (6): 

Inner shell repulsions. I.e., Repulsion between 
inner shell electrons on one atom (i.e., present as lone 
pairs) and the valence shell electron (that contributing =- 
to the bond) of the other atom. 

Valence shell repulsion. I.e., Repulsion between the No 
valence shell electrons (either lone pairs or those used becau 
for bonding to other atoms) of the two atoms. is, mc 

If we consider the simple diatomic alkali metal suital 
molecules, Lie, Naz, Ke, Rbe, Cse, we find that the bond halog 
between the metal atoms gets weaker as the atoms reduc 
become heavier. This lowering of the bond strength length 
can be attributed to increasing inner shell repulsions bondi 
which are not balanced by greater attractive forces. abilit; 
The lithium atom, for instance, has only 2 electrons in Mulli! 
its inner shell, so that inner shell repulsion between the perha: 
2s electron on one Li atom and the 1s? inner shell The « 
electrons of the other Li atom is very small; sodium on atoms 
the other hand has 10, and potassium 18, electrons in but w 
the inner shell, and the bonds accordingly become multiy 
weaker and longer. 2p ort 

A similar weakening of the single bond with increase Wh 
in atomic number (and hence in the number of inner nevert 
shell electrons) is found with the elements C, Si, Ge, Sn, the b« 
and Pb. The only elements which do not fall into suitab 
similar sequences are N, O, and F; this may be as- from : 
cribed to large valence-shell repulsions. In compounds there 
of these three elements, the inner repulsions are rel- " 
atively unimportant, and the single bond lengths are 
therefore quite short. However, the electrons which 2p, elec 
do not take part in the o bonding will repel siinilar lar-or bi 
electrons on the other atom. = ty ne 

There is thus considerable repulsion between the a 
2p, (and 2p,) lone pairs of the F atoms in F; (7). avai 


JOURNAL OF CHEMICAL EDUCATION VOL 


4 
‘ 
| 
18 
j 
188 
: 


id II 
elable 
ty is 
use 
O—0 
re- 
lip: dle 
Ors, 
small 


must 
is the 
nitric 
artial 
» lone 
atom 
ont of 
) and 
Pp hy- 
elec- 
BS rise 
oy the 


yn. the 
n the 
ulsion 
of the 
1ences 
other 


tween 
s lone 
yuting 


an the 
> used 


metal 
bond 
atoms 
rength 
ilsions 
forces. 
ons in 
en the 
shell 
um on 
ons in 
ecome 


crease 
inner 
xe, Sn, 
into 


N—N, O—O, and F—F bonds are therefore weak. 
With heavier atoms of the respective groups, hybrid- 
ization involving d orbitals is possible, so that the o 
bond may be formed by a hybrid orbital rather than by 
a simple p orbital, and the bond will consequently be 
longer (the hybrid orbitals protrude further than simple 
p crbitals) and there will be less valence shell repulsion. 
The inner shell repulsions, which might be expected to 
become greater, will not lower the bond strength as 
much as might be expected because the use of hybrid 
orbitals has separated the atoms. The single N—N 
bond is therefore weaker than the single P—P bond, 
but as we go down the group and the atoms get heavier 
then the increasing inner repulsions once more make 
the X—X bond weaker. 

Although the single bond in Ne and Oy, is weak, 
multiple bonds can readily be formed because of the 
short distance between the nuclei. With heavier 
atoms, the increased internuclear distance lowers the 
amount of lateral overlap of p orbitals, and multiple 
bonding is thus much less. We can, therefore, at- 
tribute the lack of multiple bonding in the heavier 
elements to the large inner shell repulsions. 


Bond Energies for X—X Bonds (8) (in kcal. /mole) 


35 
Cl 
57 
Br 
45 
I 

36 


ES 


Cc 
80 
Si 
45 
Ge 
39 
Sn 
35 


Now we have seen that the F—F bond in F; is weak 


because of the large valence-shell repulsions, and there 
is, moreover, no possibility of multiple bonding because 
suitable orbitals are not available.! With the other 
halogens, however, the valence-shell repulsions are 
reduced by hybridization and an increase in the bond 
length, and in addition a small amount of multiple 
bonding now becomes possible as a result of the avai 
ability of d orbitals (3d for Cl, 4d for Br, 5d for I). 
Mulliken (10), for instance, estimates that there is 
perhaps 20% double bonding in the Cl molecule. 
The double bonding becomes less of course as the 
atoms become heavier, just as with Ne, Ps, Ase, etc., 
but whereas a triple bond could be formed by nitrogen, 
multiple bonding in F; is not possible, because all the 
2p orbitals are completely filled. 

While there is no double bonding in F:, the F atom 
nevertheless seems to form partial double bonds with 
the boron atom in BF;, because the boron atom has 
suitable vacant orbitals to accommodate electrons 
from the lone pairs of the fluorine atoms. Whereas 
there was interelectronic repulsion in the F; molecule, 


‘In this discussion, we are using the valence-bond approach, in 
which we consider the F—F bond as due only to the pairing of 
2p, electrons from each F atom. In the more elaborate molecu- 
lar-o: bital treatment (9) we consider that there are four bond- 
ing and three antibonding orbitals contributing to the F—F 
linka:e, with a resultant effective single bond. There will be 
analogous situations in the other halogen molecules, but the 
availability of d orbitals will lead to additional bonding. 
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the boron atom in BF; has only acquired a sextet of 
electrons, and it accordingly forms a “coordinate 
x bond”; the electrons of the 2p, lone pairs of the F 
atoms partially overlap with the vacant 2p, orbital of 
the boron atom. The B—F bond is therefore shorter 
than might be expected, and very strong (~150 
kcal./mole compared with 35 kcal./mole for F:). 


FURTHER BONDING 


Our picture of both coordinate and hydrogen bonding 
is simplified if we make use of the idea that lone pair 
electrons are in strongly directed orbitals and are 
therefore readily accessible. 

Coordination compounds (11). It is simplest to 
consider a coordinate, or donor-acceptor bond as 
formed from the donation of a lone pair of electrons 
from the ligand atom to the acceptor atom. We think 
of the donated electrons as being originally in a rela- 
tively high energy orbital on the ligand, and then 
partially transferred to the lower energy vacant orbital 
on the acceptor atom. (The electrons occupy a molec- 
ular orbital compounded from the contributing or- 
bitals on the two atoms.) Thus, if we consider the 
most familiar of all compounds containing donor- 
acceptor bonds, the complex cobaltammine ion [Co- 
(NHs3).]**, then we can visualize the bonding process 
as one of the overlap of the lone pair electrons of the 
ammonia molecules with vacant d*sp* hybrid orbitals 
of the Co** ion. 


The formation of one of the Co—N bonds is illustrated 
in Figure 3. It is plainly essential that the electrons 


Figure 3. The Formation of a Co—N Bond 


Dotted outline: vacant orbital; full line and slantwise shading: doubly- 
filled orbital; horizontal shading: overlap. 


of the nitrogen atom should be tetrahedrally hybrid- 
ized orbitals, otherwise the lone pair would be in a 2s 
orbital, and there could be but little overlap. 

Other complex compounds can be described in a 
similar way. Examples taken at random include the 
tetrahedral distribution of water molecules around the 
Bet+ ion, and the great tendency for boron compounds 
to achieve a tetrahedral configuration by accepting 
electrons from donor molecules, thus forming such 
coordination compounds as BF;-NH;, and BH;-CoO. 

Hydrogen bonding (12). In a substance HX, where 
X is a highly electro-negative element, we find that the 
hydrogen atom in one molecule links weakly with the 
X atom of a neighboring HX molecule and so forms 
a hydrogen bond between the two molecules. This 
predominantly electrostatic attraction can be con- 
sidered as resulting from the interaction of HX with 
a lone pair orbital on the X atom of a neighboring 
molecule, and we can then readily explain the direc- 
tional properties of the: hydrogen bond in such mole- 
cules as H,O and HF. 
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Figure 4. Hydrogen Bonding in Ice 


Ice is known to be a tetrahedral structure with 
each oxygen atom bonded to four hydrogen atoms. 
If we consider the oxygen atom as tetrahedrally dis- 
posed, then the two hydrogen atoms will be bonded 
by two of the sp* orbitals, and the remaining two lone 
pairs will project into space. The O—H bonds on the 


adjacent water molecules will as far as possible align 
themselves with the lone pair directions so that the 

O bond is formed along the axis of the 
lone pair. In a similar way, the fluorine atom in HF 
can be considered as approximately sp* hybridized, so 
that the F—H F bond will form along the axis 
of one of the lone pairs of the fluorine atom, giving a 
zig-zag structure to HF. 
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A COMBINED OSCILLATOR, AMPLIFIER, AND 
POWER SUPPLY FOR CONDUCTANCE BRIDGES 


Ix tHe past it has been customary to provide separate 
power supplies for the oscillator and amplifier used 
with bridges for measuring the conductance of electroly- 
tic solutions.! This isolation was believed to be 
necessary to prevent direct pickup from oscillator to 
amplifier. Also considerable separation (at least 
ten feet) between the oscillator and the rest of the 
equipment was recommended.’ 

Wishing to combine all our equipment into one 
compact setup, and also to adapt it to use miniature 
tubes in place of the old types, we decided to subject 
the oscillator, amplifier, and power supply to a thorough 
investigation. 

Our first combination was elaborately shielded, with 
the oscillator, amplifier, and power supply each com- 
pletely enclosed and separated by sheet iron from each 
other and from the bridge. Decoupling filters were 
placed in the B+ leads to both the oscillator and the 
amplifier. Although this combination was entirely 
successful, we suspected that it was more complicated 


than necessary. 
Accordingly, we set out to simplify the combination 


1 Luper, W. F., J. Am. Chem. Soc., 62, 89 (1940). 
2 Luper, W. F., Rev. Sci. Inst., 14, 1 (1943). 
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without impairing its operation. Figure 1 is a photo- 
graph of the result; Figure 2 gives the wiring diagram. 
In Figure 1, the bridge controls are contained in the 
nearer chassis; the farther one carries the combination 
oscillator, amplifier, and power supply. No shielding 
is employed in the combination other than that pro- 
vided by the aluminum chassis and by proper location 


Figure 1 
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of the parts on it.. Only one decoupling filter is used: 
the one shown in the B+ lead of the oscillator in 
Figure 2. 

The combination is mounted on a standard 7- Xx 
15-inch aluminum chassis. The oscillator output jack 
is located at the left front of this chassis; the amplifier 
input jack is at the right. The amplifier output jack 
is on the right-hand end toward the back, close to the 
output transformer. Under the chassis, the 0.75 
henry iron-core audio choke and the oscillator trans- 
former must be located as far as possible from the 
amplifier input transformer. The choke and the 
os: illator transformer are at the extreme left, the input 
transformer at the extreme right; they are mounted 
at right angles to each other. The rest of the layout, 
with the power supply between the oscillator and the 
amplifier, is shown in the two figures. The amplifier 
output transformer (extreme right), the power trans- 
former, and the power chokes are mounted on top of 
the chassis. 

The oscillator is a modernized, and slightly modified, 
version of one we have used for many years.' Its 
regeneration control, fitted with a slotted shaft, is 
mounted behind the oscillator tube. For two reasons 
this control must be adjusted very carefully. If 
it is not properly adjusted the harmonic content of the 
1000-cycle output will be too high,' and its voltage may 
be so high as to cause heating in the cell. With two 
1000-ohm ratio arms in the bridge the voltage can 
vary with the setting of the control from less than 
0.5 volt to well over 5 volts; when one of the plug-in 
ratio arms is replaced by a 10,000-ohm resistor the 
output voltage of the oscillator may be much higher 
than 5 volts. If a vacuum-tube-voltmeter is used, 
the regeneration control can be set and locked at 0.5 
volt, while the bridge is operating to measure a resist- 
ance of about 1000 ohms. However, numerous checks 
have shown that the control may be set by ear at a 
value between 0.5 and 1 volt, as follows. With the 
bridge operating slightly off balance to measure a 
resistance of about 1000 ohms, turn the control clock- 
wise until the 1000-cycle note is heard in the phones. 
Slowly turn the control back until the note just dies out; 
then very slowly turn it clockwise again until oscilla- 
tion just begins. Occasionally, with a different load 
in the bridge or when the tube is changed the oscillator 
will stop oscillating; however, readjustment of the 
regeneration control as just described will start it. 

The two stages provided by the high-mu twin-triode 
amplifier permit balancing the bridge easily to 0.01%, 
when the gain control is fully advanced, using head- 
phones in a fairly quiet room.* Although hum from the 
power supply is audible it is not loud enough to inter- 
fere with balancing the bridge. 

For the bridge-we have used the circuit of Jones and 
Josephs,‘ with the controls mounted on a 7- X 12-inch 
aluminum chassis as shown in the photograph. General 
Radio plug-in resistors are used for ratio arms, thus 


‘Despite the application of electric eyes, and even oscillo- 
scopes, by some users of conductance bridges, we feel that head- 
phones give the most satisfactory results. 


jon G., ano R. C. Josepus, J. Am. Chem. Soc., 50, 1049 
8). 
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permitting the bridge to be employed in measuring 
high resistances, including the resistance of the solvent. 
However, with the usual components the Wagner 
ground cannot be balanced when a ratio of more than 
10 to 1 is used. Thus, except for measuring solvent 
resistance to one or two significant figures, ratios higher 
than 10 to 1 should not be attempted. For measuring 
solvent resistance we usually replace the two 1000-ohm 
ratio arms by 10,000- and 100-ohm resistors to obtain 
a 100 to 1 ratio. With measuring resistances up to 
110,000 ohms this permits an approximate measure- 
ment up to 11,000,000 ohms. 

Besides the use of plug-in ratio arms, and of the 
shielding provided by the chassis, we have found 
another feature desirable:' a small variable condenser 
across the cell leads. Its maximum capacity should be 
slightly higher than the minimum capacity of the 
large condenser across the measuring resistances. 
With both condensers a good resistance may be used 
in place of the cell to check the accuracy of the bridge. 

The bridge control chassis is fitted with two shielded 
cables about a foot long and ending in plugs for con- 
nection to the oscillator and amplifier; also with the 
cell and measuring resistance leads; and with a ground 
wire, from the point on the chassis to which the Wagner 
ground connection is made, over to a binding post 
bolted directly to the other chassis. The leads from 
the shields of the measuring resistances are brought to 
the same binding post. 

With this equipment the oscillator and amplifier 
are on the same chassis, not more than a foot apart; 
and the bridge controls and measuring resistances are 
not much more than a foot from either. Yet after 
much testing and three years of use we have found no 
direct pickup, and no errors as large as those inherent 
in the measuring resistances. 

Although the equipment is designed for research use, 
we are also using ten sets (with less expensive resistance 
decade boxes) for physical chemistry laboratory ex- 
periments. Because the apparatus is well suited to 
student use, we should like to recommend it to replace 
that described by us in an earlier article in THIS 
JOURNAL.® 


5 Luper, W. F., anp A. A. Vernon, J. Cuem. Epuc., 17, 229 
(1940). 
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A szancu of the literature failed to reveal a clearly 
defined, well balanced experiment in flame photometry 
suitable for approximately a two-hour laboratory 
period. The experiment herein described is intended 
for this purpose. The main objective is to introduce 
to the student the fundamental qualitative and quanti- 
tative aspects of flame photometry. In this experi- 
ment no attempt is made to explore all of the intricacies, 
limitations, and applications of the instrument and 
method. 

Two groups of common, representative cations have 
been selected. One group (Group A) is suitable for 
use with a blue-sensitive phototube while the other 
(Group B) is suitable for use with a red-sensitive 
phototube. The proper phototube is installed by the 
instructor. An experiment involving either of these 
groups requires approximately two hours for com- 
pletion; therefore, only one group is assigned to a pair 
of students. 

Correlation between the concentrations of the solu- 
tions used and the operating slit widths is desirable in 
order to give some uniformity of transmission at a 
given slit width. The slit width should be small 
enough to show clearly the individual transmission 
peaks for the cations in a mixture and to give less than 
100% transmission for each peak observed with the 
undiluted stock solutions. It should be large enough 
to give a reasonable range of transmission values for 
the quantitative working curves. Stock solutions that 
fulfill these requirements at the specified slit widths 
are kept available. The concentrations of these 
solutions and the slit widths used are listed under 
Operating Instructions. The solutions are prepared 
from reagent grade chlorides and redistilled water 
except for that of magnesium which is prepared from 
the carbonate and HCl, properly diluted. 

Prior to performing the experiment, the students 
are given adequate theoretical material in the class- 
room and they are furnished with the manufacturer’s 
instruction manual for the instrument to be used. All 
preliminary major adjustments on the instrument are 
made by the instructor so that the instrument is ready 
for use when the students arrive. 

Essentially, the experiment consists of determining 
the transmission peak wave lengths for each cation in 
the assigned group by the use of the respective un- 
diluted stock solutions; running a mixture of all of the 
cations in the group to determine whether shifting of 
peak wave lengths occurs; the qualitative analysis of 
an “unknown”; the construction of a quantitative 
working curve for a single cation; and the quantitative 


1 Present address: Department of Chemistry, University of 
Michigan, Ann Arbor, Michigan. 
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analysis of an “unknown” whose concentration is such 
that it falls within the range of the working curve. 

The detailed directions follow, as applied to the 
Beckman Model B Spectrophotometer with Flame 
Attachment and using an oxy-hydrogen flame. With 
minor modifications the directions could be applied to 
other similar instruments. 


OPERATING INSTRUCTIONS 


Group A or B and the cation for quantitative analysis will be 
assigned. 

Students work in pairs. 

The term “‘water’’ refers, in all cases, to redistilled water. 

Group A includes: Nat, Mg*+t, Ca*++, Sr++, Batt. 

Group B includes: Lit, K+, Ba++. 

Concentrations (parts per million) of stock solutions: Na’, 
10; Mg**, 2000; Catt, 200; Sr++, 500; Ba++, 2500; Lit, 
100; K*, 50. 

Qualitative 

(1) See that the proper phototube is in position. 

(2) See that the Sensitivity Switch ison STANDBY and the 
Shutter Switch on SHTR; plug the voltage stabilizer (Raytheon) 
into the 110 V., a.c. line; turn on the Power Switch (left side of 
instrument). 

(3) Prepare a mixture of all the cations in the assigned group. 
For Group A, use 5-ml. portions (pipet) of each of the 5 stock 
solutions. For Group B, use 5-ml. portions of each of the 3 
stock solutions plus 10 ml. of water. Mix the solution. Rinse 
and fill separate sample beakers almost full with the stock solu- 
tions of the respective cations, the mixture, the “unknown,’’ and 
water. Arrange the beakers near the instrument in a known 
order. 

(4) Slowly open wide first the oxygen tank valve and then 
the hydrogen tank valve. Turn (clockwise) the oxygen tank 
regulator valve to 30 p.s.i. and the corresponding hydrogen valve 
to 10 p.s.i. Turn (clockwise) the oxygen valve on the control 
panel to 3 p.s.i., the corresponding hydrogen valve to 4 ps.i, 
and light the burner. Increase the oxygen pressure at the control 
panel to 10 p.s.i. and maintain these pressures throughout all the 
measurements. 

(5) Turn the Sensitivity Switch to position 4 and leave it in 
this position for all measurements. 

(6) Set the Slit Width at 1.0 mm. if Group A is to be run or 
at 0.8 mm. for Group B and use this setting for all subsequent 
measurements. 

(7) Place the first sample beaker in the holder but away from 
the capillary, and zero the Dark Current with the Shutter Switch 
on OPEN. 

(8) Elevate the beaker under the capillary and slowly rotate 
the Wave Length Control from 350 my to 650 my for Group A, 
or from 650 my to 1000 my for Group B, and record the wave 
lengths of all the transmission peaks observed. If one beaker of 
solution is insufficient, refill as necessary. Turn the Shutter 
Switch to SHTR when measurements are not being made. 

(9) Do steps 7 and 8 for each cation, for the mixture, and 
for the “unknown.” In order to clean the burner, vaporize wate! 
for about 15 seconds each time solutions are changed and, a‘ the 
end of the series, vaporize a beakerful of water. j 

(10) Note any shifting of transmission peaks in the mixture as 
compared to the individual stock solutions and interpret the data 
obtained for the “unknown” Record the number of the “un- 
known,” wave lengths of the peaks observed and the components 
present in the “unknown.”’ 
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(11) Close, at the contro! panel, first the hydrogen valve and 
then the oxygen valvé. 


Quantitative 

(12) Assign a concentration value of 1.0 to the stock solution 
of the designated cation. Use one 10-ml. buret for this stock 
solution and another for water and prepare, in small, dry beakers 
or graduates, 10.0-ml. portions of solutions 0.8, 0.6, 0.4, 0.2, and 
0.1 as strong as the stock solution. Thoroughly mix these solu- 
tions. Transfer each solution to a separate sample beaker, first 
rinsing the beaker twice with 2-ml. portions of the solution. In- 
clude a beaker of the stock solution, a beaker of the “unknown,” 
and a beaker of water and arrange all the beakers in a known or- 
der near the instrument. 

(13) From the previous data, select the best transmission 
peak for the cation designated, and set the Wave Length Control 
at this value. 

(14) Light the burner as directed in step 4. 

(15) Adjust the Dark Current as directed in step 7, elevate 
the most dilute (0.1) solution under the capillary, and read and 
record the per cent transmission. 

(16) Repeat step 15 for the solutions of concentrations 0.2, 
0.4, 0.6, 0.8, and 1.0. 

(17) Vaporize water for 15 seconds, run the “unknown,” 
and then vaporize a beakerful of water to clean the burner. 

(18) First, tightly close the hydrogen tank valve and, after 
the flame goes out, tightly close the oxygen tank valve. After 
all the gauge needles return to zero, close the regulator and con- 
trol panel valves (turn counterclockwise). 

(19) Turn the Sensitivity Switch to STANDBY, Shutter 
Switch to SHTR, Power Switch to OFF, and disconnect the in- 
strument from the 110 V. line. 

(20) From the data obtained above, construct a working curve 
by plotting per cent transmission as ordinate and concentration 
in p.p.m. as abscissa. Locate the per cent transmission of the 
“unknown” on the working curve and record the concentration 
inp.p.m. Record also on the graph-sheet the number of the un- 
known, the wave length used, the slit width, and setting of the 
sensitivity switch. 


DISCUSSION 


Experience shows that satisfactory results are ob- 
tained with this experiment. Rarely is any component 
of the qualitative “unknown” missed and, when such 
is the case, it is usually caused by the too rapid rotation 
of the Wave Length Control while the “unknown” is 
being run. No trouble is experienced in the deter- 
mination of the wave lengths of the transmission peaks 
with the stock solutions, slit widths, and sensitivity 
settings specified previously. 

A series of typical working curves for one peak wave 
length for each of the cations in both groups is shown 
in the accompanying figure. Similar curves are ob- 
tained for Ba++ at 500 my and Cat+ at 553 my and 
610 mz. When atypical curves are obtained, they 
are the result of definitely faulty techniques-sueh as 
errors made in the dilutions, failure to mix the solu- 
tions adequately, or a dirty burner capillary tube. The 
accuracy of the quantitative determination depends 
upon the character of the working curve, the 
cation involved and, inherently, upon the sensitivity 
of its flame spectrum. In general, an accuracy of 
about +1% of the concentration of the quantitative 


Ca 
(422 mu) 


0.4 0.6 
Concentration 


Working Curves 


Concentration 1.0 represents: Ba**, 2500 p.p.m.; K+, 50 p.p.m.; Na*, 
10 p.p.m.; Mg**, 2000 p.p.m.; Li*, 100 p.p.m.; Sr**, 500 p.p.m.; Ca**, 
200 p.p.m. Slit width 0.8 mm. for Ba++, K*, and Li*; 1.0 mm. for Na‘, 
Mg**, Sr**, Ca**. Wave length of measurement is indicated in paren- 
theses. 


“unknown” can be expected with the procedure given. 
Such results are considered satisfactory for this experi- 
ment. 

Of the cations involved in this experiment, sodium 
is the most readily detected by means of flame pho- 
tometry. If sodium is run quantitatively, corrections 
for the amount of it present in the water used must be 
made. In the qualitative analysis of Group A, using 
the blue-sensitive phototube, the fact cannot be dis- 
regarded that the ordinary reagent grade salts used to 
make up the stock solutions of the other cations may 
contain varying amounts of sodium salts as impurities. 
With Group B, using the red-sensitive phototube, the 
intensity of the sodium flame is not great enough to 
cause difficulty. Because of the sensitivity of the 
sodium flame at a wave length of 589 my, it is not 
advisable to use sodium as a component of a qualita- 
tive “unknown” for Group A unless enough time is 
available to make the necessary corrections. Sodium 
will be reported in an “unknown” for Group A unless 
reagents and water free from it are used. As an ad- 
ditional experiment, the quantitative determination of 
sodium in the water and the other reagents is interest- 
ing. 


HIGH SCHOOL CHEMISTRY ...KEEPING THE COURSE UP TO DATE 


Tue report of the conference for Wisconsin high-school chemistry teachers sponsored by the 
Marathon Corporation and the National Science Teachers Association, held last August at Law- 
rence College, is available from the NSTA, Washington 6, D. C. “Keeping up to date’’ is the 
emphasis in the three sections of the report: Selection of Subject Matter, Methods of Teaching, 


and Laboratory Activities. 
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Gas adsorption chromatography has proved an ele- 
gant method for the separation and quantitative analy- 
sis of mixtures of gases and low-boiling liquids. Usu- 


Figurel. Schematic Diagram of Apparatus 


ally, gas or liquid samples from chemical reactions are 
obtained and introduced into appropriate columns for 
separation and analysis. The problems associated with 
the sampling and transference of gases and liquids can 
be further complicated when one is manipulating 
samples which contain condensed phases. It is the 
purpose of this paper to describe. an apparatus in 
which a chemical reaction takes place in a portion of a 
gas chromatography loop. Reaction products are 
swept into the chromatography column by the carrier 
gas, and sampling is obviated. The method also 
offers an excellent method for studying the kinetics of 
gas-phase reactions in flow systems. 


APPARATUS AND PROCEDURE 


The apparatus was the one usually used for gas 
chromatography and is illustrated in Figure 1. Helium 
carrier-gas flow rates of 50 cm.*/min. were mano- 


1 Patton, H. W., J. S. Lewis, anp W. I. Kays, Anal. Chem., 
27, 170 (1955). 
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metrically measured by the pressure drop (ca. 6 in. 
H;0) across a calibrated orifice. Adsorption columis, 
containing 10 ft. of 40/60 mesh alumina or charco:1l, 
were fabricated from '/,-in. copper tubing and im- 
mersed in an oil bath which could be heated to 240°C. 
The detector, a Gow-Mac thermal conductivity cell, 
was used in conjunction with a 0-1, 0-20-mv. adjust- 
able-range recording potentiometer. It should be 
noted that sample and reference channels of the thermal 
conductivity cell are not connected in series, but that 
the gas flows are individually controlled. This ar- 
rangement permits the column temperature to be 
raised during elution while maintaining constant pres- 
sure-flow conditions in both sides of the detector. 
Raising the column temperature is necessary when one 
is eluting samples which have wide boiling ranges. 
During heating and elution, the sample channel-pres- 
sure regulator is continually adjusted in order to main- 
tain constant flow through that side of the detector. 
The reactor for the experiments reported here was 1-ft. 
long, '/,-in.-thick stainless-steel tubing. For all experi- 
ments, the middle 2-in. portion was heated to redness 
with a burner. Gaseous reactant material was intro- 
duced through the sample volume, whereas liquid 
material was injected with a hypodermic syringe 
through a short length of rubber tubing, immediately 
upstream of the reactor. 


RESULTS AND DISCUSSION 


Figure 2 shows the results obtained with 1.0 cm.’ 
(STP) of air carried through the reactor which had its 
2-in. center packed with charcoal and heated to redness. 
The charcoal column, initially at ambient tempera- 
ture, was heated to 160°C. in 40 minutes in order to 
elute carbon dioxide. 

Figure 3 illustrates the products obtained from the 
thermal decomposition of 20 mg. of acetone carried 


Figure 3. Separation of Decomposition Products of Acetone 
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through the unpacked reactor tube. Reaction products 
were separated in‘an alumina column which was heated 
to 80°C. in 20 minutes. Any water present would be 
adsorbed by the alumina. 

Figure 4 shows the thermal decomposition of 30 mg. 
of n-pentane. The alumina column, heated to 170°C. 
in 60 minutes, effected separation. 

Although reaction products were not analyzed quan- 
titatively, this could easily be accomplished after pre- 
liminary calibration. This technique would seem to be 
well suited to kinetic studies. Reactor variables such 
as temperature, geometry, and catalyst could easily be 
aliered, whereas residence time could be varied by 
changing carrier-gas-flow rates or reactor volume. 
This technique need not be limited to single reactants, 
since gas or liquid mixtures can be easily introduced 
into the chromatography loop. 
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Figure 4. Separation of Thermal Decomposition Products of n-Pentane 


NEW MOLECULAR MODELS SHOWING CHARGE 
DISTRIBUTION AND BOND POLARITY 


Ix 4 new kind of molecular model, each component 
atom is colored to represent its partial charge. One 
color scale uses yellow to denote electrical neutrality, 
blue to indicate high negative charge, and red to in- 
dicate high positive charge. A range from neutral to 
high negative charge is represented by mixing increas- 
ingly large proportions of blue with yellow, going from 
yellow green through medium green and blue green to 
blue. Similarly, a range from neutral to high positive 
charge is represented by mixing increasingly large 
proportions of red with yellow, going from yellow orange 
through orange and red orange to red. Eight to ten 
hues from yellow to blue and an equal number from 
yellow to red are adequate to indicate the most sig- 
nificant differences in charges on combined atoms. A 
similar color scale, much less brilliant but offering less 
difficulty to persons of limited visual color sensitivity, 
uses white to represent neutrality, with pale to deep 
shades of blue indicating positive charge and pale gray 
to black indicating negative charge. Partial charges 
resulting from bond polarity arising solely from electro- 
negativity differences can be calculated readily.' 
Models may be constructed in three dimensions, but 
two dimensions.are adequate for most purposes if the 
illusion of three dimensions is created by depicting 
structure as accurately as possible.2 Two-dimen- 
sional models can be constructed from inexpensive col- 
orel paper mounted on cardboard. If backed with 


 Sanperson, R. T., J. Cuem. Epuc., 32, 140 (1955). 

* For structural data, see A. F. Weuts, “Structural Inorganic 
Chemistry,’’ 2nd ed., Oxford University Press, 1950; G. W. 
Waetanp, “Resonance in Organic Chemistry,’ John Wiley & 
Sons, New York, 1955; and recent literature on electron diffrac- 
tion, and microwave spectroscopy. 
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felt, they can then be displayed advantageously on a 
black flannel board.* 

The application of partial charge data to chemical 
interpretations useful in teaching chemistry has been 
described previously in some detail.‘ The new models 
illustrate such application uniquely, vividly, and ef- 
fectively. For example, the change in the nature of 
binary hydrogen compounds across the periodic table 
from LiH to HF is largely a reflection of the condition 
of hydrogen in these compounds. The models show 
not only the molecular structures, to scale, and the 
diminishing hydrogen radius from LiH to HF, but also 
the differences in partial charge on hydrogen. Thus, 
in LiH it is blue, in BeH: green, in B.He yellow green, 
in CH, yellow, in NH; yellow orange, in H,O orange 
and in HF red orange. 

The author has found such models very helpful in 
teaching both elementary and advanced chemistry. 
Specifically, the models are especially effective in aiding 
an understanding of periodicity, and in explaining why 
hydroxy compounds are acidic, amphoteric, or basic, 
why ammonia, water, and HF are much less volatile 
than their respective congeners, why different complex 
hydrides differ in stability, why silane differs so greatly 
from both methane and germane, what happens to the 
carbon in the progressive oxidation of methane, how acid 
anions may influence the strength of the acids, ete. 
In fact, the models are helpful in explaining an ex- 
tremely wide variety of chemical phenomena. The 
author will be glad to send further information on 
request, to any interested chemistry teacher. 

* This method of display was suggested by Professor LeRoy 
Eyring. 

* Sanperson, R. T., J. Cem. Epuc., 31, 238 (1954). 
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Wire the tremendous rise during the past decade in 
the use of surface active agents and protective coatings 
and films, renewed attention has been focussed upon 
wetting, ‘wettability,’ and allied phenomena. Inter- 
est in these effects has been manifest in such diverse 
fields as lithography, insecticide formulation, metal 
treating, waterproofing, detergent manufacture, and in 
the application of plastic films for all purposes. Un- 
fortunately, no completely general index of wetting has 
yet been found. Perhaps the most widely used cri- 
terion for wetting is that of contact angle. 

The term refers to the angle at which the phase 
boundaries of different substances meet. This neces- 
sitates the intersection of three phases simultaneously. 
The contact angle is measured at this line of intersec- 
tion. By far the most common type of phase trio en- 
countered is that of gas-solid-liquid. The solid is as- 
sumed to have a plane surface and the gas-liquid inter- 
face meets the solid surface at an angle to it. This 
angle, measured within the liquid by convention, is de- 
fined as the contact angle. The interdependence of 
contact angle and other surface properties has been dis- 
cussed by Meukowich (1,2). General treatments of the 
subject are readily available (3, 4, 5). 

A close relationship exists between contact angle and 
surface tension. In fact, contact angle has often been 
defined in such terms as: 


¥3 


cos 6 = 


where 6 is the contact angle and 71, y2, and 3 are the 
interfacial tensions between gas-solid, liquid-soljd, and 
gas-liquid respectively. Equilibrium conditions are 
assumed. In all methods devised for contact angle 
measurement at least one of these interfacial tensions 
must be known. 

Most of the methods heretofore described have very 
decided limitations. Quantitative procedures have 
almost always been time-consuming and have employed 
apparatus with fairly elaborate optical systems and pre- 
cisely machined parts. Thus a program of contact 
angle studies. has. involved: considerable preparatory 
work in setting up equipment. The only rapid, simple 
procedures, on the other hand, have described appara- 
tus suitable only for results of the “wet” or “‘no-wet” 
type. Clearly, then, there is a need for an apparatus 
capable of at least semiquantitative results and fair 
precision, which is rapid in operation, and composed of 
readily available units. It is believed that the method 
of contact angle determination described in this paper 
meets these requirements. Furthermore, it is capable 
of modification so as to yield any desired degree of pre- 
cision from control work to research studies. 


THE WILHELMY METHOD 


A method originally devised for surface tension de- 
termination has been found suitable for measuring con- 
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tact angles. This is the method originally due to 
Wilhelmy (6). Because of the existence of a wealth of 
simple techniques for measuring surface tension rapicly 
and accurately, it has been little used although an 
elaborate modification has been employed by Harkins 
and Anderson (7) in film pressure studies. The Wil- 
helmy method involves the determination of the down- 
ward pull exerted by a liquid upon a thin plate of solid 
material which is partially immersed. The plate is sus- 
pended from a balance arm. Its apparent weight will 
be the sum of the actual weight (in air) and the down- 
ward force exerted by the surface tension of the liquid 
minus the buoyant effect of the displaced liquid. Ob- 
viously, the vertical pull depends upon the degree to 
which it is wet and hence upon the contact angle. 

The fundamental relationship between the weight of 
the plate partially immersed (w;) and its weight in air 
(w,) is given by: 


which rearranges to 


(wi — Wa + abhp) g 
2y(a + b) 


cos 6 = 


where a and b are the width and thickness of the plate, 
h is its depth of immersion, and g is the gravitational 
constant. The surface tension, 7, and the density, p, 
of the liquid must be known or determined independ- 
ently. The experimental procedure, then, consists of 
weighing the plate partially in and completely out of 
the liquid, measuring the dimensions of the plate with 
micrometers, and determining the depth of immersion 
with a cathetometer. 


THE APPARATUS AND PROCEDURE 


Figure 1 shows the plan of the apparatus. An old 
chain-type balance, A, was supported on a simple, rec- 
tangular, 2- X 4- inch timber frame put together with 
bolts. Its gross dimensions were approximately 18- X- 
18- X 23-inches high. Sections are seen at H and /. 
One balance pan was removed and the plate, B, sus- 
pended by a thin varnished copper wire. The plate 
could be attached or adjusted quickly by means of an 
ordinary small stainless steel spring clip, C, of the type 
used by photographers. 

The experimental liquid was held in a one-liter 
beaker, D, which was placed inside an ordinary water 
bath, J, used to catch overflow from the beaker. I[m- 
mersion of the sample was controlled by means of the 
same type of double-gear drive automotive jack, F, 
used so successfully in a previous investigation (8). In 
order to provide a level and steady support for the 
beaker, the top plate of the jack was ground approxi- 
mately flat and a 10- X 10- inch steel plate was at- 
tached. This, in turn, was covered with a piece of thin 
plywood, F and G. The whole jack assembly was 
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bolted to the wood frame after being leveled with shims. 

Such an apparatus may be constructed and assembled 
in less than a day. 

The actual operation of the equipment was extremely 
rapid and simple. A thin plate of solid to be tested was 
clamped to the balance suspension wire and weighed. 
It was also found helpful to attach to the top of the wire 
a counterpoise weight of approximately the mass of the 
missing balance pan. Then the beaker of liquid (water 
in all of the tests made) was raised so as to immerse the 
plate to a depth of 2-3 cm. At the same time the jack 
was raised, approximate balance was maintained by 
adjusting the chain. After a final weight adjustment, 
this new value, w;, was recorded and the depth of the 
bottom edge of the plate below the water surface was 
read off with a cathetometer to 0.05 mm. This pro- 
cedure was repeated once or twice, after which the 
beaker was lowered and the temperature of the liquid 


taken. No thermostatting was necessary due to the. 


short time required to make readings. 

As just described, the results obtained give the so- 
called “advancing” contact angle. Because of the 
well-known hysteresis of contact angle, it was desirable 
to obtain values of the “‘receding” angle. This was 
done in the same manner, except that the plate was im- 
mersed by raising the jack and then balance was ob- 
tained after a slight lowering of the jack. The effect 
was then one of slightly withdrawing the plate. 

As might be expected, considerable pains to pre- 
vent surface contamination of both water and plate 
were necessary to obtain reproducibility. The various 
plates were handled only with clean surgical gloves or 
forceps. All glassware was soaked in concentrated 
nitric acid and thoroughly rinsed with distilled water. 
Immediately before the plate was immersed, enough 
fresh distilled water was added to the beaker to cause a 
slight overflow which created a new surface. 

The plates used in this work were of glass, poly- 
methyl methacrylate (“Plexiglas”), paraffin-coated 
glass, brass, aluminum, and pressed amorphous carbon. 

The glass plates were standard microscope slides and 
were cleaned with nitric acid. The plastic plates were 
made from sheet Plexiglas, cut to 1- X 3- inch dimen- 
sions with their edges polished with emery paper and 
finally with flannel and levigated alumina. They were 
cleaned with synthetic detergent and thoroughly 
rinsed with water. Paraffin surfaces were obtained by 
dipping glass slides into molten paraffin. The paraffin 
was kept at a temperature just above its melting point, 
and the slides were kept in the molten bath for a few 
minutes in order to heat them all the way through. In 
this way, thin, fairly uniform films were deposited on 
the slide. Shorter immersion times produced thick 
films which later wrinkled, and coating the slides with 
a benzene solution of paraffin left irregular patches of 
the solid deposited after evaporation of the solvent. 
The metal plates were prepared by first grinding all 
surfaces until the dimensions desired were nearly ob- 
tained. They were then polished to mirror finish with 
emery paper and alumina on flannel. The surfaces 
were kept planar by backing the polishing media with 
plate glass. 

The carbon plate used was porous and demanded 
special treatment. The absorption and subsequent 
evaporation of water by the plate gave drifting results. 
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Figure l. S i of Apparat 


Consequently, the plate was first prepared in the same 
manner as were the metal plates. Then the carbon was 
submerged in distilled water and reduced pressure ap- 
plied. The plate was then attached to the suspension 
wire and allowed to dry until the free surface water had 
evaporated. (It was assumed that evaporation of 
absorbed capillary water was a much slower process.) 
From previous work it was found that the loss of capil- 
lary water by evaporation was a linear function of time. 
In practice, then, the weight of the plate suspended in 
air was taken at three intervals of time and a plot made, 
so that the weight at the exact moment of immersion 
could be determined by extrapolation. 


RESULTS 


The results of numerous determinations are sum- 
marized in the table. 


Contact Angles of Water Against Various Materials 
Advancing Std. Receding Sid. 


angle dev. angle d 
(degrees) (degrees) (degrees) (degrees) 


103. 


It will be noted immediately that the precision of 
measurement is least in thé case of glass. Here the 
solid is usually presumed to be completely wetted and 
hence should have a contact angle of zero degrees, or 
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off rapidly as the angle increases. 


nearly so. This is because the change in an angle per 
unit change in its cosine is very large near zero but falls 
Thus it appears that 
the method is most suitable for measuring contact 
angles appreciably greater than zero. 

Deviations for the other materials tested are well 
within the range of those found using other, more cum- 
bersome, methods. Other investigators have reported 
a range of values for paraffin from 96° to 115° with 
deviations of the order of 1°--7° within each set of 
data (9,10,11,12,13). ‘‘Best’’ values appear to be in 
the range of 106°-115° for the advancing angle. As 
appears to be usual with most workers, we have found 
greater reproducibility with the advancing angle com- 
pared to the receding one. A direct comparison of the 
values obtained for Plexiglas, brass, aluminum, and 
carbon is not possible. Contact angles for the metals 
and the plastic do not seem to have been recorded in the 
literature. The previous history of the pressed carbon 
block used was unknown. Its angle was found to be 
about half that recorded for cleaved Ceylon graphite 
(13), a much different form of the element, of course. 
In any case, the principal object of all these determina- 
tions was to check the method rather than to provide 
results of archival value. 


ADVANTAGES AND LIMITATIONS 


The principal advantages of this method for contact 
angle determinations are those of simplicity and speed. 
The apparatus is composed of standard components to 
be found available in most laboratories and may be put 
together or dissembled quickly. The measurements 
themselves may be performed quickly, thus commend- 
ing the method as a tool for coating or film screening 
programs involving many repetitive determinations. 
Tentatively at least, it may be stated that the results 
are comparable in accuracy and precision to most other 
procedures which have been described. Furthermore, 
it appears that the method can be elaborated to any de- 
sired degree by the use of a more sensitive balance or 
length-measuring devices, even though in its present 


form the method appears to be sufficiently refined fo: 
most purposes. A final advantage may be cited which 
suggests the possible use of contact angle determination 
by this procedure as an experiment in the physical or 
applied chemistry laboratory. The effect of surfac» 
irregularity upon contact angle and, hence, upon soli: 
wetting, may be observed readily by noting any wavi- 
ness or distortion in the line of solid-liquid-gas contac’. 
Examination of this intersection with a hand lens o: 
even with the naked eye shows up such irregularities 
very clearly. 

There are two major limitations. First, is the fact 
that experimental errors are most significant when th» 
contact angles are small. For applications with solids 
of low wettability, however, the precision appears to be 
satisfactory. Inherent in the method itself is the 
limitation that the solids employed must be in the fori 
of thin laminae. This, of course, is no real restriction 
in the testing of materials for the coating and prote: - 
tion of solid surfaces. 
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CONTEST IN COLLOID AND SURFACE CHEMISTRY FOR UNDERGRADUATES 


University of Southern California announces a contest in colloid and surface chemistry among 
college undergraduates, sponsored by the Continental Oil Company of Houston and Ponca City. 

Students of chemistry and chemical engineering in all accredited colleges and universities in 
the United States and Canada are eligible if they are full-time undergraduates on April 1. 

A 5000-word report on original research in the fields of colloid or surface chemistry or an 
essay on “The Contribution of Albert Einstein to Colloid Chemistry’? may be submitted for a 
$500 first prize, $200 second prize, $100 third prize, excellence prize of $500, or honorable mention 
prizes of $50. Entries must be received by July 1, 1957. 

Entry blanks may be obtained from Professor K. J. Mysels at the University of Southern 
California. Awards will be announced and distributed by September 1. 

As contest chairman, Dr. Mysels is being assisted by an advisory committee composed of 
V. K. LaMer, Columbia University, J. W. Williams, University of Wisconsin, and A. C. Zettle- 


moyer, Lehigh University. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


CHEMICAL ASPECTS OF ANTICONVULSANT 
DRUGS' 


Hourocrartes, who lived about two thousand four 
hundred years ago, said the recurrent attacks of 
epilepsy seemed to him no more supernatural or 
mysterious than the recurrent chills of malaria. What 
was stated then still holds true today. Epilepsy, or 
seizures, is a disease, no more or less mysterious than 
malaria, pneumonia, or cancer. Due to fear of the 
unknown, an aura of superstition has surrounded many 
diseases. The Egyptians occasionally drilled holes 
in the skulls of epileptic persons so that the evil spirits 
might escape. As we learn more, the fear disappears, 
and the stigma of inferiority associated with these 
ailments is forgotten. 

A brief mention of the cause of seizures is of value. 
The nerve cells in the brain send out extremely weak 
electrical waves of 10 to 100 cycles per second. These 
waves may be picked up by an instrument called the 
electroencephalograph. The wave of a normal person 
isshown in Figure 1A. If a person is subject to seizures 
his brain waves during an attack show certain irregu- 
larities. A classification into three general types of 
wave patterns has been made (/). If type I is dis- 
covered, Figure 1B, the patient is said to have “grand 
mal” seizures. When an attack occurs, the patient 
loses consciousness, falls, twitches, and makes chewing 
motions, etc. The active phase may last from a min- 
ute to half an hour. Many famous people had grand 
mal seizures, such as Caesar, Byron, Berlioz, and 


Paganini, to name a few. In type II, “petit mal’” 


seizures, Figure 1C, the patient becomes dazed, seldom 
for more than a few seconds. After the attack he will 
resume what he had been doing. These seizures, which 
are frequent in children, may occur up to hundreds of 
times a day. Type III, Figure 1D, is a rarer form of 
epilepsy, known as a “psychomotor” attack. The 
patient becomes unreasonable, does not know what 
he is doing, and may become irritable and violent. 
The painter van Gogh, who suffered from this type of 
seizure, cut off one of his ears during an attack. Most 
attacks last only minutes, but they may go on for days. 

Generally speaking, two broad divisions of epilepsy 
may be considered. In idiopathic (hereditary) epi- 
lepsy, no evidence for seizures can be found by a thor- 
ouzh physical examination. If, however, attacks are 


' Based on talks given at the University of California Medical 
Centers, San Francisco and Los Angeles, California. 

Public Health Service Research Fellow of the National 
Cancer Institute. 
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A, normal, B, grand mal seizures, C, petit mal seizures, D, psychomotor 
attack. 


due to an injury to the brain, or a disease of the body, 
e.g., 2 common virus disease like meningitis, influenza, 
mumps, etc., it is called symptomatic epilepsy. Lennox 
(2a) believes that only about 5% of persons who have 
hereditary tendency to seizure will actually ever de- 
velop seizures. Among these, many would not have 
had seizures if a combination of idiopathic (hereditary) 
and symptomatic (acquired) epilepsy had not occurred. 

Now we may take a closer look at the brain waves, 
caused by electric discharges of nerve cells. Certain 
cells, for reasons as yet unknown, suddenly “overflow”’ 
with electric discharge, as if the insulator holding 
back the electric charge had disappeared. Neigh- 
boring nerve cells are affected in such a fashion that 
they, too, discharge excessively, and soon a regular 
chain reaction is in progress. The more extensive 
this reaction is, the more violent will be the seizure. 
After a certain time has elapsed, the chain reaction 
stops, and the cells return to a normal discharge level 
(2b). 


ACTION OF ANTICONVULSANT DRUGS 


The purpose of anticonvulsant drugs is to prevent 
the “overflow” of electric charge in nerve cells. In 
other words, the chemical dams up the electricity within 
a cell, ie., keeps the insulation from “going bad.” 
The selection of the drug, i.e., of the proper type of 
chemical structure, will depend on the frequency and 
severity of attacks, and treatment should be continuous. 
This means that drug therapy, at this stage of devel- 
opment, is not a cure but a palliative. If properly 
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administered, these drugs may completely eliminate 
seizures. However, throughout drug administration 
-one must look for possible side effects, ranging from 
rash and dizziness to liver damage, agranulocytosis and 
aplastic anemia. As in the treatment of other dis- 
eases, the benefits and drawbacks of each drug must 
be carefully weighed before administration. 
Obviously, a drug will be of improved value if its 
toxicity is low and its specific effectiveness high. In 
order to determine whether a certain chemical struc- 
ture will have these most desirable effects, many 
chemical compounds have been tested, initially on 
animals (3). This is done by introducing an anti- 


convulsant drug into an animal, such as a mouse, and 
then causing artificial convulsions. An electric cur- 
rent may be passed through the brain of the anima). 
If the drug will prevent “electroshock” seizures, it 
may conceivably turn out to be a compound effective 
in grand mal treatment. In the second method, a 
chemical causing convulsions is introduced into the 
animal. This chemical is pentamethylenetetrazole, 
Metrazole. If a compound will be antagonistic to 
metrazole-produced seizures, it may develop into a 
drug of value in petit mal seizures. So far there is no 
effective way theoretically to predict, from the exact 
structure of a chemical compound, whether or not ‘t 


TABLE 1 
Anticonvulsant Drugs 


Formula and 


trade name Chemical name 


Possible side 


Useful in the 
effects 


treatment of 


Refer- 
Comments ence 


BARBITURATES 


Phenobarbital (I). 5-ethyl-5-phenylbarbituric acid 
R, = H, Rz = Ph, R; = Et 
Mebaral (II) 

1 = Me, R2 = Ph, R; = Et 
Gemonil (ITI) 
R, = Me, Rz = R; = Et 


phenylbarbituric 
aci 
1 methyl-5,5-diethylbarbituric acid 


grand mal drowsiness, rash 


less effective 
than (I) 
same as (II) 


grand mal drowsiness, rash 

drowsiness, rash, 
increased irri- 
tability 


grand mal 


pyrimidine-4,6-dione 


vertigo, nausea, 
vomiting, 
drowsiness 


grand mal, 
occasion- 


ally psy- 
chomotor 


HYDANTOINS 
H 


Dilantin (V) 
= R; = Ph 


R, = H, 


5,5-diphenylhydantoin 


Nirvanol (VI) 
, Re = Ph, R; = Et 


= Me, R, = Ph, R; = Et 


5-ethyl-5-phenylhydantoin 


3-methyl-5-ethyl-5-phenylhydantoin 


Thiantoin (VIII) 


, = H, R. = Ph, R; = 


Nuvarone 
gx) 
Ph, R; = H 


R, = Et, Ph, R; = H 


3-methyl-5-phenylhydantoin , 


3-ethyl-5-phenylhydantoin 


5-pheny]-5-(2-thienyl )hydantoin 


grand mal rash, dizziness, 
overgrowth of 
gums, difficulty 
in focusing eyes 
rash, fever, 
eosinophilia 
rash, drowsiness, ee (8) 
aplastic anemia, 
agranulocytosis, 
hepatic injury 
liver damage 


grand mal 


grand mal, 
occasion- 
ally psy- 
chomotor 


petit mal withdrawn (9) 


grand mal rash, drowsiness, withdrawn (10) 


aplastic anemia, 

agranulocytosis 

grand mal ? appears to be 
quite safe 
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will be a good anticonvulsant drug. Table 1 lists 
those organic compounds which most effectively control 
seizures in humans. 

Compounds (I) through (XX) demonstrate that 
up to this time only a limited number of chemical 
structures are of value in controlling seizures. 

Much work has been done to determine the cause of 
nerve cell discharges bringing about seizures, and to 
fathom the mechanism of action of the anticonvulsant 
drugs (19). So far these riddles have not been solved. 
However, certain results may point the way to the 
answer. 

First let us take a look at how, theoretically, chemi- 
cal compounds can prevent seizures. They may act 
(a) on lesions not connected with nerve cells, (b) on 


nerve cells which have been changed due to an outside 
disease-causing influence, (c) on normal nerve cells to 
prevent their joining in the “chain reaction” of ex- 
cessive electric discharges (20). 


STRUCTURAL CORRELATIONS 


Several of the compounds used are racemic mixtures, 
each compound possessing an asymmetric carbon 
atom. The dextro-form of Nirvanol (VI) is less 
toxic than the levo- form, but also less active as an 
anticonvulsant drug. If racemic Mesantoin (VII) is 
administered to a patient, primarily levo-Nirvanol is 
found in the plasma (2/). This indicates that some- 
where in the metabolism demethylation took place. 
Butler (22) seems to believe that the N-alkyl group 


Formula and 
trade name 


OXAZOLIDINEDIONES 
0. 
/ 
Tridione (XI) 3,5,5-trimethyloxazolidine-2,4-dione petit mal drowsiness, nau- may aggravate (11) 
R, = R2 = R; = Me sea, agranulo- grand mal 
cytosis, aplas- seizures 
tic anemia, 
photophobia 
Paradione (XII) 3,5-dimethy]-5-ethyloxazolidine- petit mal similar to (XI) less toxic than 
R, = Rz = Me, R; = Et 2,4-dione (XI) 
Dimedione (XIII) 3-ethyl-5,5-dimethyloxazolidine- petit mal similar to (XII) less toxic than 
R, = Et, R2 = R; = Me 2,4-dione (XII) 
Malidone (XIV) 3-allyl-5-methyloxazolidine-2,4-dione _ petit mal similar to (XII) no photo- 
R, = allyl, R. = Me, R; = H: phobia 
Epidon (XV) 5,5-diphenyloxazolidine-2,4-dione grand mal ? large dosages (12) 
R, = H, Rz = R; = Ph i 


PHENYLSUCCINIMIDES 
R O 


Milontin (XVI) 
R=H 


Celontin (XVII) 
R = Me succinimide 


N-methylphenylsuccinimide 


N-methyl-a-methyl-a-phenyl- 


petit mal nausea, dizziness, a (13) 
drowsiness, 
renal damage 
petit mal, ? does not seem (14) 
psycho- to aggravate 
motor grand mal 


ACYL UREAS 
R; O 
R; 
Phenurone (XVIII) phenylacetylurea 
Ph, R. Rs; 
(XTX) 2-phenylisobutyrylurea 
R, = Ph, R, = R; = Me 


psycho- psychic changes, uires care- (15) 
motor gastrointestinal “dal handling 
symptoms, rash, 
liver damage 
petit mal liver damage withdrawn (16) 


(17) 


O 


CICH,CH,' 
Hbicon (XX) 


NHCH:Ph 


N-benzyl-s-chloropropionamide 


grand mal dizziness, nerv- looked promis- 
ousness, gas- ing at one 
trointestinal time 


distress 
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must come off before there can be any anticonvulsant 
action. However, conflicting evidence may be pre- 
sented regarding effectiveness of N-alkylation. If 
the 3-methyl group is removed from Tridione (XI) 
a compound of lesser activity results. Conversely, 
5,5-dipropyloxazolidine-2,4-dione shows anticonvulsant 
activity, but loses it on methylation of the nitrogen in 
the 3-position (11). This is also true of Dilantin (V). 
But 5-phenylhydantoin does not show activity until 
it has been alkylated to substances like Nuvarone (IX) 
or Peganone (X). Mesantoin (VII) is preferred to 
Nirvanol (VI) and Mebaral (II) to Phenobarbital 
(I). If demethylation precedes anticonvulsant ac- 
tivity, compounds without the N-alkyl should be more 
effective. This does not seem to be true in all cases. 
Conceivably, factors prior to, or during dealkylation 
are of importance in determining the action of the 
drugs. 

It might be suggested that anticonvulsant drugs 
operate by a mechanism which involves antagonism to 
some chemical in the body, similar to the sulfonamide 
drug antagonism to p-aminobenzoic acid. How- 
ever, this would not account for the activity of non- 
cyclic compounds like Phenurone (XVIII), (XIX), 
or Hibicon (XX). At one time it was proposed that 
anticonvulsant activity was caused by metabolic prod- 
ucts of the drugs. Straight-chain compounds, di- 
phenylhydantoic acid and diphenylaminoacetic acid 
have been isolated as metabolites of Dilantin (V) and 
phenylacetic acid and derivatives as metabolites of 
Phenurone (XVIII). None of the metabolites show 
anticonvulsant activity (19). 

Some attention should be paid to the electron dis- 
tribution of the anticonvulsant drug molecule, i.e., 
the “molecular orbital’ picture of the molecule as 
well as its structure. 

Drug-protein interaction may be due to hydrogen 
bonding, and/or charge-transfer complex formation. 
Both Dilantin (V) and Epidon (XV) show grand mal 
seizure antagonism, with Dilantin being the more 
potent compound. Since the only difference in struc- 
ture of two chemicals is in the 1-position, it may be 
deduced that some interaction in this position con- 
tributes to anticonvulsant activity, and that this inter- 
action is more pronounced with an N—H group pres- 
ent than with an —O— atom, be it a local interaction, 
or a “molecular orbital” effect. 

Although presence of phenyl groups, generally, is 
necessary in a compound to give protection against 
grand mal seizures, this is not true when it comes to 
protection against petit mal by oxazolidinedione struc- 
tures. Here the only substituents present are alkyl 
groups, which, in their electronic behavior, are quite 
different from aromatic radicals. Only when the —O— 
linkage in the Oxazolidinediones is changed to a 
—CH,— group, as in (XVI), will a phenyl substituent 
in the 5-position contribute to petit mal protection. 
If, on the other hand, this same —CH,—linkage is 
replaced by an N—H group, without changing the re- 
mainder of the molecule, there is obtained Nuvarone 
(IX) a grand mal antagonist. It may be that z-elec- 
trons from the phenyl ring and p-electrons from the 
heterocyclic ring may form a resonance system (23). 
This x-p resonance, however, will be nearly eliminated 


by the insertion of the —CH,— group in (XVI), thus, 
conceivably, contributing to petit mal activity. 

A look at glutarimide derivatives will further indicate 
the importance of proper location of phenyl groups. 
The compound 


a-methyl-a-phenylglutarimide, successfully inhibits 
Metrazole-induced convulsions in test animals. Hovw- 
ever, (-phenylglutarimide possesses only negligille 
anticonvulsant activity (24). The phenyl group in 
the 8-position is isolated from the heterocyclic ring p- 
electrons by two —CH,— groups, thus making -- 
electron participation practically impossible. 

Phenurone (XVIII), by being modified to structure 
XIX, loses its psychomotor potency but acquires petit 
mal activity. The addition of two methyl groups on 
the a-carbon removes any available hydrogen on this 
carbon atom, and also changes the electronic configur- 
ation of the molecule sufficiently to give it a different 
activity spectrum. The above examples are cited to 
suggest that electron distribution in the drug molecules 
might be an important point in determining anti- 
convulsant activity. 
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A PHOTOELECTRIC automatic titrator suitable for dem- 
onstrations in elementary quantitative analysis can 
be constructed easily at little expense. The device 
(Figs. 1 and 2) consists of a cadmium sulfide photo- 
conductive cell in series with a d.c. voltage of 20-200 
volts and a relay that closes a solenoid valve control- 
ling the buret. Although a 45-volt battery is used 
in the illustration, much more flexible performance can 
be obtained from a power supply such as the Heathkit 
PS-3 because the sensitivity of the photocell increases 
with increasing voltage. 

For demonstration the photocell is mounted in a 
hole, 1/4 inch diameter, drilled in an inch-thick block 
of wood; friction tape may be placed over the leads at 
the back to protect the cell from stray light and to hold 
it in place. The block is placed against one side of the 
titration beaker, mounted on a magnetic stirrer, so 
that all light reaching the photocell must pass through 
the beaker. Daylight or an artificial source of reason- 
able intensity will serve as light source; the higher 
the operating voltage the less the light that is needed. 

In titrations of dark colored solutions little or no 
light reaches the photocell, and the battery or power 
supply passes insufficient current to operate the relay. 
If the solution becomes decolorized or light&r in color 
at the end point of the titration, the resistance of the 
photocell decreases enough to pass current to operate- 
the relay closing the solenoid valve. The buret is 
connected to the top of the solenoid valve tube by 


8 
: R 
| > To 110- volt ac. 
To solenoid valve 


Figure 1. An Automatic Titrator 


B, 45-volt B battery (see text). P, Photoconductive 
cell, Clairex CL-2. R, Relay, Sigma 4F. 
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AN AUTOMATIC TITRATOR 


J. P. PHILLIPS 
University of Louisville, Louisville, Kentucky 


Figure 2. Assembled Automatic Titrator. 
All Components Except the Solenoid Valve are 
Mounted on Top of the Battery 


rubber tubing and a delivery tip is similarly attached 
to the bottom. The flow rate must be rather slow and 
the solution vigorously stirred to prevent going beyond 
the end point. The principal defect of the device is 
the lack of any way to slow the delivery rate in the 
vicinity of the end point. 

In most of our experiments a relay closing at a 
minimum of about 500 microamperes (Sigma 4F) has 
been used; clearly, a more sensitive relay would give 
superior performance. The solenoid valve was a sur- 
plus item obtained for $2.50; it is a 10-watt, normally 
open valve with brass tube for connection to quarter- 
inch pipe. A great many varieties of solenoid valves 
are readily obtained; the only important special 
requirement for this application would seem to be 
corrosion resistance. 

The entire device is portable, being carried in two 
sections by disconnecting the clip (Fig. 2) and the 
wire leading from the relay to the 110-volt line. 

A satisfactory titration for demonstration is iodine 
titrated with sodium thiosulfate, preferably with 
starch in the iodine. 
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In rH spring of 1955, NEACT members became con- 
vinced that New England was lagging in its effort to 
secure industrial summer employment for its science 
teachers. That year, two of the eight local A.C:S. 
sections had started programs, but had been able to 
secure only two positions for 40 applicants. The pre- 
vious year, another section had found several openings 
but few applicants. A committee! was therefore ap- 
pointed by the NEACT to study means for facilitating 
contact between teachers and potential employers in the 
entire New England area. The results of this program 
suggested that the committee activities had greater 
long term value than the immediate relief of some 
teachers’ financial needs. It was especially helpful in 
pin-pointing the need for teacher-chemist cooperation. 
It is hoped that this evaluation may help others faced 
with similar problems. 


PLAN OF ACTION 


At first, the committee outlined broad principles to 
govern its actions: 

(1) The NEACT would request the aid and co- 
operation of the eight A.C.S. sections in New England. 
In the localities where a member of the committee re- 
sided, this would be done by personal contact; in others, 
by mail. 

(2) The committee would compile a listing of open- 
ings available to teachers in each area, and would ad- 
vise teachers of the existence of these positions by 
suitable means; e.g., NEACT Newsletter, A.CS. 
publications, ete. 

(3) The committee would make no recommenda- 
tions of persons or of salaries. (This stand was sub- 
sequently endorsed by some employers.) The com- 
mittee would in no way intervene in the normal hiring 
process which is the sole domain of prospective em- 
ployer and prospective employee. The function of the 
committee was limited to lending the prestige of the 


A CLEARING HOUSE FOR SUMMER EMPLOY- 
MENT OF TEACHERS 


Northeastern University, Boston, Massachusetts 


1The original committee consisted of E. Harold Coburn, 
Bulkeley High School, Hartford, Connecticut; Standish Deake, 
Milton Academy, Milton, Massachusetts; Robert I. Ellin, 
Rhode Island College of Pharmacy, Providence, Rhode Island; 
Mrs. Maryalice Moore, Stonehill College, Easton, Massachu- 
setts; and Stephen S. Winter, chairman, Northeastern Univer- 
sity, Boston, Massachusetts. 


A Progress Report 


STEPHEN S. WINTER 


NEACT to the effort of inducing chemical companies 
to consider high-school science teachers for summer 
positions, to making teachers aware of existing oppor- 
tunities, and to preventing needless applications to 
firms that had no openings. 

(4) The committee member residing in each area 
would act autonomously, with the chairman serving as 
coordinator on a regional basis. 

(5) All science teachers, whether members of the 
NEACT or not, would be invited to make use of the 
facilities of the clearing bouse. 

These recommendations governed the over-all pro- 
gram. Actual operations differed considerably in the 
various sections but within the frame work of the above 
plan. 

Cooperation with A.C.S. sections was immediately 
and successfully established in the three sections in 
which a committee member resided. Efforts to co- 
operate by mail failed completely. Only one of the 
other five A.C.S. sections even answered letters. The 
committee was, therefore, enlarged? with the result 
that three other sections started programs. 

Publicity was obtained in Chemical and Engineering 
News, in the NEACT Newsletter, and in section publi- 
cations. Contact with teachers was generally estab- 
lished through letters sent to the high schools. 


OPERATION OF THE CLEARING HOUSE 


In the Northeastern Section of the A.C.S. (Eastern 
Massachusetts and New Hampshire), the clearing 
house operated as follows: form letters, addressed 
personally to the presidents of about 85 industrial firms, 
were sent by the NEACT committee. Replies were 
generally received from the officials responsible for 
hiring technical help, although in some cases the 
presidents themselves replied. The companies to whom 
appeals for positions were sent included both large and 
small firms. 

Nearly 40% of the companies answered, with 13 
firms offering one or more positions. An additional 


2 Donald C. Gregg, University of Vermont, Burlington, Ver- 
mont; Austin S. Kibbee, Jr., Lewiston High School, Lewis‘on, 
Maine; and Rev. Joseph A. Martus, 8.J., College of the Holy 
Cross, Worcester, Massachusetts. 
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seven expressed their desire to cooperate in future years. 
Most replies contained commendatory statements con- 
cerning the efforts of the committee. Some answers 
indicated that the firms had made extensive efforts to 
locate suitable positions for a science teacher but could 
find none in their operations. All of the letters were 
answered by the committee, even when no position was 
offered. 

More than 350 letters were sent to high-school 
principals inviting science teachers to use the clearing 
house. Fourteen teachers applied, and were referred to 
five companies each. 

In the Connecticut Valley Section of the A.C.S., the 
members of the A.C.S. Committee on Education under- 
took to solicit positions among industrial firms. Nine 
companies offered 17 jobs. A mimeographed list of 
these openings was then sent to chemistry teachers in 
the area. The big problem in this section is that chem- 
ical industry is located primarily in Springfield, Mas- 
sachusetts, while the section includes such population 
centers as New London and Hartford, Connecticut. 

The chief disappointment in the operation of the 
clearing house was the reluctance of teachers to com- 
municate their successes or failures in landing jobs. 
This made the keeping of statistics impossible so that 
there is no numerical evaluation of the success of the 
clearing house. In the Northeastern Section, only 
three responded. The others ignored the request to 
keep the committee informed. Two of those em- 
ployed indicated that they plan to return to the same 
company this coming summer. 

The area-wide coordination had an interesting side 
effect. Three teachers from other states who summer 
in New England made use of the facilities of the clear- 
ing house. 


EVALUATION OF THE PROGRAM 


The outstanding achievement of the committee’s 
activities is the realization that industry wholly ac- 
cepts the idea of technical employment for teachers. 
The immense amount of good—and goodwill— that 
can be achieved is becoming recognized. More di- 
rectly, the committee feels that it has catalyzed active 
participation by a number of companies that pre- 


viously had only “thought about” the summer job 


problem. 

Some excerpts from our files corroborate this: 

“We are heartily in accord with the effort you are 
making to bring the teaching of the science and in- 
dustry closer together.” 

“T have had our Operating Vice-President review our 
situation to determine whether we could constructively 
give summer employment to one or more chemistry 
teachers in this area, as suggested in your letter.” 

“We employ several teachers from neighboring com- 
munities during the summer each year, and they are 
expected to return.” 

“Your plan will undoubtedly result in mutual ad- 
vantage to both teachers and industry.” 

Some companies viewed this program as a contri- 
bution to assure the continued flow of scientific man- 
power. As a result of the committee’s letter, they 
creaied summer positions for high-school teachers and 
invited teachers in their communities to apply. Or 
they gave preference to teachers in summer positions 
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previously filled by students. For other companies, 

the teacher solved an employment problem. A con- 

cern with a small control laboratory and a continuing 
production schedule required a replacement during the 
summer. Students, who had filled the opening previ- 
ously, had to be trained each year. After the training 
he received last summer, the teacher whom they em- 
ployed through the clearing house will return ready 
for his job in future summers. A second company 
used the teacher to instruct sub-professional personnel 
in subjects related to their work: chemical calculations, 
the use of the slide rule, etc. Their own employees 
are too busy to give this training. This teacher spent 
one-fifth of his time teaching, and is continuing one 
afternoon each week during the academic year. 

The relatively small number of requests for positions, 
and the failure to keep the committee informed, has 
made evaluation of the effect of the clearing house 
on teachers more speculative. That high-school teach- 
ers have been given a morale boost from the activities 
of the committee has been indicated by a number of 
teachers in private communications. Many, appar- 
ently, had felt themselves to be the forgotten chemists. 
Previous attempts to find summer employment in 
competition with college students had confirmed this 
feeling. Although many of them are graduate chemists, 
their chemical colleagues had never considered them as 
such, but rather as teachers! As one expressed it: 
“T was trained as a chemist and chose teaching. The 
better and more experienced I became as a teacher, the 
less was I considered a chemist. Suddenly I read that 
I am one of the keys to the future of chemistry, but 
only in the journals. To chemists I was still a teacher.” 

The activities of the clearing house have certainly 
broken the ice in this unhappy situation. Some of the 
necessary rapport between industrial chemists and 
teaching chemists has been reestablished. At least, 
the teachers have become aware that some members of 
the chemical profession are willing to act as well as 
talk. The committee has wondered whether the 
somewhat meager response by teachers to the clearing 
house is not the result, in part, of previous disappoint- 
ments. 

On the whole, the clearing house has succeeded in 
focusing the problem of employing high-school science 
teachers in creative technical jobs during the summer. 
In this effort, it has had the most cordial welcome and 
cooperation of the chemical industry. It has suc- 
ceeded partly in bridging the gap between industrial 
and teaching chemists, and it has helped to create a 
more congenial attitude between these two groups. 
It has failed only in arousing great teacher interest for 
its program. That is the task with which it intends to 
concern itself in the future, because it believes that 
such jobs can be of great ultimate value in elevating 
classroom teaching and making science more attractive 
to the students. 

For 1957, the committee has been enlarged and is 
planning to cooperate more fully with the A.C.S. 
sections in carrying out its program. Without being 
solicited, some employers have already listed positions. 
Teachers, too, have shown greater interest. Above all, 
more effective cooperation with the A.C.S. sections 
means that industrial chemists are taking the lead in 
solving this problem of teachers. 
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CATALYSIS. VOLUME IV: 
HYDROCARBON SYNTHESIS, 
HYDROGENATION AND CYCLIZATION 


Edited by Paul H. Emmett, Professor of 
Chemistry, The Johns Hopkins University. 
Reinhold Publishing Corp., New York, 
1956. vi + 570 pp. 250 figs. 191 
tables. 15.5 X 23.5 cm. $12.50. 


Fourtu in the excellent series of ref- 
erence works on the chemistry of catalysis 
and catalytic processing, this volume 
maintains the high standards of author- 
itativeness, fine organization, compact- 
ness, and clarity of its three predecessors. 

Volume IV is devoted primarily to an 
appraisal of the current status of the 
Fischer-Tropsch and related syntheses and 
performs a valuable service in correlating, 
classifying, and evaluating the volum- 
inous literature on this important reaction. 
In addition it presents a critical review 
of current concepts of the mechanism of 
catalysis in an area in which theory has 
definitely not kept pace with practice. 
It should provide, for the practical chem- 
ist, a springboard in the search for profit- 
able catalytic reactions and, for the 
theoretical chemist, a sound base from 
which the understanding of detailed 
mechanisms may be extended. It should, 
therefore, be of value and interest to all 
chemists in the petroleum and coal in- 
dustries and to many in academic centers, 
as well. 

Chapter 1, by Robert B. Anderson, 
presents a factual coverage of the ther- 
modynamics of the hydrogenation of 
carbon monoxide and of carbon dioxide, of 
the reactions of water with carbon monox- 
ide or carbon, of the reactions of hydrocar- 
bons and alcohols, and of miscellaneous 
pertinent reactions of iron, cobalt, and 
nickel. 

Chapter 2, also by Anderson, is a read- 
able and coordinated 227-page description 
of the factors influencing the activity, 
selectivity, and stability of cobalt, nickel, 
iron, and ruthenium catalysts in the 
Fischer-Tropsch synthesis and the pois- 
oning of catalysts by sulfur compounds. 

In Chapter 3, Anderson has assembled 
pertinent data to the kinetics and reaction 
mechanism of the Fischer-Tropsch syn- 
thesis and then evaluates critically the 
present theories which “fall far short of 
providing a unified picture capable of 
explaining or predicting kinetics, pro- 
motor eftects, selectivity, etc.’’ 

L. J. E. Hofer, in Chapter 4, presents 
a critical analysis of the relation of the 
crystalline phases involved in the for- 
mation, activation, and deactivation of 
Fischer-Tropsch catalysts to the catalysis 
of the reaction. 

Chapter 5, by Ernst M. Cohn, covers 
“The Isosynthesis’’—the reaction of a 
mixture of hydrogen and carbon monoxide 
over difficultly reducible oxide catalysts to 


give predominantly saturated, branched- 
chain, aliphatic hydrocarbons containing 
four to eight carbon atoms. 

Chapter 6, by Murray Greyson, Chap- 
ter 7, by S. W. Weller, and Chapter 8, by 
H. Steiner, contain excellent critical sur- 
veys of ‘“Methanation” and “Catalysis 
in the Liquid-Phase Hydrogenation of 
Coal and Tar.” 

Teachers who may at times feel some- 
what isolated from practical industrial 
organic chemistry will find that the 
blending of the practical and theoretical 
achieved in this volume will shortly make 
them feel at home in the area of the 
Fischer-Tropsch reaction. 


Cc. A. VANDERWERF 
University or Kansas 
LAWRENCE, 


THE SCIENCE MASTERS’ BOOK. 
SERIES III. PART II: CHEMISTRY 


Edited by G. Fowles, E. H. Coulson, 
Baintree County High School, and Charles 
Holt, Harrow Weald County Grammar 
School...John. Murray, London, 1955. 
xi + 286 pp. Many figs. 


Tue editors have selected the experi- 
ments, apparatus, and teaching devices 
given here from those recorded in num- 
bers 68 to 128, inclusive, of the School 
Science Review. The book consists of 
six parts and an index. 

Part I—Apparatus and Materials for 
General Use. The period over which this 
material was assembled included the war 
years and consequently there are many 
hints and suggestions for making do with 
a minimum of facilities and material. 
Directions are given for the construction 
of special racks, the storage of equipment, 
and the construction of useful devices for 
many laboratory operations. Sugges- 
tions are made for the construction of a 
variety of gas generators, the preparation 
of reagents, the manipulation of gases, 
sources of compressed air, and the con- 
struction of instruments such as a balance 
and a polarimeter. 

Part II—Lecture Bench Experiments 
for Junior and Middle School Forms. 
These include a series on gas volume 
ratios and quantitative experiments in 
somewhat greater number than is perhaps 
customary in this country and with ap- 
paratus which would not lend itself readily 
to observation by large classes. The 
line between lecture bench experiments 
and laboratory exercises appears to be a 
strictly arbitrary one. The combustion 
of magnesium in steam and certain other 
high temperature reactions seem to be 
more popular in Great Britain than they 
are in the United States at the present 
time. Of interest to some will be a series 
of twelve gases which can be prepared by 


14.5 X 22 cm. 


the wet asbestos method, using suitabie 
liquid reagents and cracking agents. 

Part III consists of laboratory exercises 
for junior and middle forms and is divided 
approximately equally between qualit.- 
tive and quantitative experiments. Most 
of these are te be found in either the ge»- 
eral chemistry or elementary physical 
chemistry manuals which are in use in tle 
United States. 

Part IV deals with lecture bench ex- 
periments for the sixth form and these are 
listed under electro-chemistry, catalysis, 
indicators, adsorption, osmosis, and mis- 
cellaneous. Most of the items in this 
section are in common use in this country, 
although frequently distributed through 
more advanced courses in chemistry. 

Part V deals with laboratory exercises 
for the sixth form and involves materials 
usually found in elementary physical 
chemistry. 

Part VI—Small Scale Methods—is an 
enumeration of a number of semimicro 
techniques selected from both the areas of 
inorganic and organic chemistry. 

This volume is one which should perhaps 
be found in any reasonably complete 


_-library-of ‘lecture demonstration materials 


and one from which most any teacher 
could extract items which would be useful 
in his demonstration repertoire. How- 
ever, it does not contain a large number of 
experiments which would be directly 
adaptable to either high school or first 
year college instruction in this country. 


r F. B. DUTTON 
Micuican State UNIVERSITY 
East Lansine, MicHIGAN 


INTRODUCTORY ORGANIC 
WITH CERTAIN CHAPTERS O 
BIOCHEMISTRY 


E. Wertheim, Emeritus Professor of 
Organic Chemistry, University of Ark- 
ansas, and Harold Jeskey, Associate 
Professor of Chemistry, Southern Metho- 
dist University. Third edition. McGraw- 
Hill Book Company, Inc., New York, 1956. 
vii + 476 pp. 83 figs. 35 tables. 
15 X 23cm. $5.50. 


Tuts text-is the second revision of a 
book intended for short courses in organic 
chemistry taken by pre-professional stu- 
dents. The authors’ stated aims ar: to 
ensure a working knowledge of org:nic 
chemistry and to keep the student a»vare 
of his previous work in chemistry while 
preparing him for any courses which may 
follow. Many excellent study aid- to 
help in achieving these objectives ave 
been retained from previous edit ons. 
In particular, the numerous quest/ons, 
some of a quantitative character, anc the 
many charts summarizing the rela‘ion- 
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ships between classes of compounds are 
to be commended. Many of the recent 
developments in the fields of petrochem- 
isiry, drugs, hormones, synthetic fibers, 
ard plastics have received some attention. 
If in some cases the treatment seems too 
scanty, the interested student will find in 
the appendix a list of reference books to 
use in following up a particular subject. 
Tie six chapters on biochemical topics 
give an excellent presentation of impor- 
tant areas of applied organic chemistry. 
A helpful glossary of chemical, biological, 
and medical terms is included in an ap- 
pendix. 

This edition retains the emphasis of its 
predecessors on the practical rather than 
the theoretical aspects of organic chemis- 
try. Adequate examples are given of the 
methods by which the structure of a com- 
pound is established. The authors state 
that they have purposely omitted elec- 
tronic mechanisms of organic reactions. 
The book is clearly written and can be 
recommended without reservations. 


SAMUEL E. KAMERLING 
Bowpotn COLLEGE 
BRUNSWICK, MAINE 


CHEMICAL ENGINEERING PRACTICE. 
VOLUMES 1 AND 2 


Edited by H. W. Cremer and T. Davies. 
Academic Press, Inc., New York, 1956. 
Vol. 1: xiv + 499 pp. Vol. 2: vi + 
632 pp. Many figs. and tables. 16.5 X 
25.5 cm. $13.30 per volume on orders 
for complete set; $17.50 per individual 
volume. 


Tue development of the chemical proc- 
ess industries, and of chemical engineer- 
ing as a separate field of engineering 
associated with the process industries, 
has given rise to numerous handbooks and 
encyclopedia. For process technology, 
the 15-volume set of “Encyclopedia of 
Chemical Technology’? discusses prod- 
ucts, processes, and industries. ‘Chemi- 
cal Engineering Practice” will be a set of 
12 volumes plus an index volume which 
“will enable chemical engineers to apply 
physico-chemical principles. to plant oper- 
ations and process development.”’ The 
authors are British and Dutch authori- 
ties in their fields. 

Volume 1, General, contains the preface 
to the entire set. Here is made clear the 
objectives of the set. “A departure from 
this tradition [of unit operations] has 
been made, the classification being based 
on underlying physico-chemical _prin- 
ciples rather than upon the actual oper- 
ations which give effect to them.” The 
reader of the set is assumed to have a first 
degree in pure or applied physical science. 

Volume 1 begins with general subjects 
such as The Origin of Chemical Engineer- 
ing and The Chemical Engineer. The 
former traces the growth of the process 
industries with the Leblane process, 
chamber sulfuric acid process, Solvay 
proc: ss, and interrelated chemical indus- 
tnes. The latter chapter shows the de- 
velopment of a special type of engineer 
for te process industries and the evolu- 
tion of chemical engineering curricula for 


VOLUME 34, NO 4, APRIL, 1957 


his education. The material and energy 
balances for a process call for two chap- 
ters, of which the latter is quite lengthy 
and involves chemical equilibrium calcu- 
lations as well as energy balances. The 
last two chapters are on The Preparation 
of Flow Diagrams, and Units, Dimen- 
sions, and Calculations. The largest part 
of Volume 1 is devoted to Pilot Plants and 
Semi-Commercial Units. Various sections 
are devoted to general aspects, design, 
operation, reporting of results, and a 
lengthy bibliography of papers on the 
subject. 

For Volume 2, the subtitle ‘‘Solid State’”’ 
is hardly descriptive of the contents of 
the volume. About half the material is 
largely metallography of steel and alloys. 
Fatigue, creep, and corrosion of metals are 
discussed, as are mechanical and physical 
properties of plastics and glasses. The 
other half of the volume appears to come 
under a general heading of “porous 
masses.”’ The chapter on fundamentals 
deals largely with filtration and flow 
through porous media. Some peculiar 
processes and operations are related to 
porous masses, as the chapter on The 
Purification of Coal Gas using the old- 
time ferric oxide box. Flow in Fuel Beds 
and Transpiration Cooling obviously are 
related to porous masses, and the latter 
chapter is as modern as jet propulsion. 
The discussion of water and sewage treat- 
ment is largely the filtration processes in- 
volved, though ion-exchange is discussed 
briefly for water treatment. 

On the basis of Volume 1 and 2, it is 
doubtful that the American chemical 
engineer will regard the set of “(Chemical 
Engineering Practice’ as the reference 
set to which he will turn to supplement 
Perry, ‘Chemical Engineers’ Handbook,” 
or the textbooks usually found on his 
shelf. If we recall the fact that the set 
was prepared for a reader with a first de- 
gree in pure or applied physical sciences, 
we can agree that a chemist unfamiliar 
with chemical engineering will find much 
in this set which will be of value to him. 
Thus, the chemical engineer might pre- 
fer Jordan’s monograph on ‘Chemical 
Pilot Plant Practice,’ whereas the chem- 
ist would learn much more by first read- 
ing the section in “(Chemical Engineering 
Practice” on pilét plants and semi- 
commercial units. Certainly this set 
should be available for student use so that 
he can get at least a viewpoint different 
from the customary American viewpoint. 


KENNETH A. KOBE 
University oF Texas 
Austin, Texas 


AN INTRODUCTION TO 
CRYSTALLOGRAPHY 


F. C. Phillips, Reader in Petrology, 
University of Bristol. Second edition. 
Longmans, Green and Co., New York, 
1956. ix + 324 pp. 515 figs. and 
tables. 14.5 X 22cm. $6. 


Tuis is the second edition of a book 
first published ten years ago which may 
well become a classic in the teaching of 
crystallography. It differs from the first 


edition by the inclusion of a chapter on the 
diffraction of X-rays by crystals, which, 
in the opinion of this reviewer, neither 
adds to nor detracts from its value. 

For educational purposes this book has 
a particular merit which comes from its 
basis on years of good teaching by a 
scholar who thoroughly understands the 
fundamental principles and realizes their 
importance to the student. 

Part I is concerned with the external 
symmetry of crystals. It gives a most 
comprehensible introduction to crystal 
morphology and to the crystallographer’s 
concepts and use of point symmetry. 
Part II deals with the internal symmetry 
of crystals with an excellent account of the 
Bravais lattices, translation symmetry, and 
an introduction to space group theory. 
There are also very helpful chapters on the 
use of spherical trigonometry, methods of 
drawing crystals, and a general discussion 
of crystal growth and habit. 

With the exception of the short new 
chapter referred to above, the book is not 
concerned with the techniques of X-ray 
diffraction. To the student of X-ray 
crystallography it can, nevertheless, be 
recommended as a true introduction to 
crystallography. The disadvantage of 
not having it all in one book is offset by 
the moderate price. 


G. A. JEFFREY 
University oF PiTTsBURGH 
PENNSYLVANIA 


PHYSICAL CHEMISTRY FOR STUDENTS 
OF PHARMACY AND BIOLOGY 


S. C. Wallwork, Lecturer in Chemistry, 
University of Nottingham. Longmans, 
Green and Co., New York, 1956. 
xii + 297 pp. 44 figs. 7 tables. 14.5 
X 22.5cm. $4.75. 


Tue author states in the preface that 
“this book is intended to cover all the 
topics in physical chemistry which are re- 
quired by students of pharmacy and 
biology.””’ And that, in the opinion of 
this reviewer, is precisely what is wrong 
with books of this type. If one believes, 
as the author of the present text evi- 
dently does, that students of biological 
sciences should be familiar with all, or 
nearly all, phases of physical chemistry, 
then it is surely wise to base a course on 
one of the excellent standard textbooks of 
physical chemistry, allowing the teacher 
to delete such specialized material as he 
deems unnecessary, and trusting him to 
explain in extenso the more difficult sub- 
jects, rather than to turn to a “physical 
Chemistry for Students of... .. . where 
brief, “‘simple’”’ treatment is mistaken for 
clear treatment. (It is the full explana- 
tion, reinforced by numerous examples 
and exercises, which is in fact the clear 
treatment.) 

On the other hand, a good case can be 
made for the thesis that only a few topics 
of physical chemistry are really important 
to biology students, and that since they 
presumably do not assimilate physical 
chemistry as rapidly as chemistry stu- 
dents, they ought to spend all their time 
learning these few topics well. A proper 
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text for such students would discuss these 
topics fully and simply; such a text has 
in effect been incorporated into West and 
Todd’s ‘Textbook of Biochemistry’”’ but 
there would appear to be a need for some 
independent textbooks of the same gen- 
eral nature. 

The present book, by attempting to 
cover too much in too little space, has 
made much of the coverage rather thin. 
Less than one page, for example, is de- 
voted to the Joule-Thomson effect; every- 
one knows that the average student re- 
quires much careful explanation, repeated 
several times, before he understands this 
phenomenon. 

The attempt to “close pack” the mate- 
rial has also made the treatment episodic 
and unexciting. The author mentions 
the fact that large crystals grow at the 
expense of small ones when both are in 
contact with the mother liquor; when 
this behavior is explained in terms of 
solubilities and equilibrium the student 
is always intrigued, but the author has no 
space for this. 

Many features of the book are excel- 
lent. The observation that the capacity 
of a buffer is not necessarily the same 
toward both acids and bases is a step in 
the right direction, as is the paragraph on 
buffering action provided by the escape 
of CO, in the titration of bicarbonate. 
The composite neutralization curve (Fig. 
38, p. 238) is valuable. 

One must applaud the author’s state- 
ment in the preface that “physical chem- 
istry is concerned with explaining. . . 
the attitude of the student should be one 
of seeking to understand. .. .” It is 
unfortunate that this book is not a greater 
help in achieving that goal. 


PETER OESPER 
HAHNEMANN MepicaL CoLLeGE 
PHILADELPHIA, PENNSYLVANIA 


ORGANO-METALLIC COMPOUNDS 


G. E. Coates, Professor of Chemistry, 
University of Durham. Methuen & Co., 
Ltd., London; John Wiley & Sons, Inc., 
New York, 1956. viii + 197 pp. 7 
figs. l10tables. 13 X 19cm. $2.50. 


Wiru the increasingly rapid growth of 
the chemical literature, the practicing 
chemist is more and more dependent upon 
reviews of specific areas of his science to 
keep abreast of developments and, more 
particularly, to utilize developments out- 
side his own area of major interest to help 
him advance his own investigations. It 
is most pleasing to find a small book writ- 
ten by an active investigator which 
summarizes so well the present state of 
knowledge in a wide area of chemistry, 
leads the uninitiated easily into the lit- 
erature of that area, and, at the same time, 
presents the material so effectively that 
the reader finds himself adapting many 
items to his own needs or contemplating 
how a gap in the literature may be filled. 
Further, if such a book is made available 
at such a price that no one interested in the 
subject can afford to be without it, the 
net result is near perfection. Professor 
Coates is to be heartily congratulated for 
the excellent quality of his book. 


The nature of the book is adequately 
expressed in the Preface. “So far as this 
book is concerned, organo-metallic com- 
pounds are substances containing metal- 
carbon bonds; these are generally coval- 
ent but may occasionally be ionic as in 
some of the alkali metal compounds. 
This definition excludes metal alkoxides 
and many other interesting compounds in 
which metal atoms are bonded to organic 
systems via oxygen, nitrogen or sulfur; 
thus classes of coordination and chelate 
compounds and the large number of 
organic compounds so useful for analytical 
purposes are also excluded.” A_ de- 
scription of the very extensive organic 
chemistry of sulfur, phosphorus, and 
arsenic is omitted since they are hardly 
metallic elements. 

“Organo-metallic compounds are often 
of great value for synthetic purposes, and 
they have frequently provided problems 
of interest in connection with valence 
theory. Indeed, it is probable that the 
study of organo-metallic compounds, 
together with that of aromatic systems 
and the boron hydrides, has provided 
some of the major stimuli for recent 
developments in valence theory. This 
book, however, has neen- written with 
particular attention to preparative as- 
pects and, although there has been no 
attempt to make references exhaustive, 
the reader is likely to find reference to 
recent and satisfactory preparative meth- 
ods for many of the compounds de- 
scribed. Although the lead may soon be 
lost, preparative chemistry still appears to 
be ahead of theoretical chemistry; for 
example, the remarkable cyclopentadi- 
enyls were prepared before predicted.” 

Suffice it to say that, in this reviewer’s 
opinion, the high quality of the book 
amply justifies the limitations which 
Professor Coates placed upon himself. 
The product gives every indication of 
sound scholarship and high quality work- 
manship. Only one typographical error 
came to light on a complete reading of the 
book and only one omission which should 
have been included: i.e., no mention of 
the 6-diketone derivatives of the dialky]- 
tin radical. The book is recommended 
highly. 


W. CONARD FERNELIUS 
InorGANIC CHEMISTRY LABORATORY 
Oxrorp, ENGLAND 


METALLURGY OF THE RARER METALS. 
NUMBER 5: MOLYBDENUM 


LL. Northcott, Fort Halstead, England. 
Academic Press, Inc., New York, and 
Butterworths Scientific Publications, Lon- 
don, 1956. xii + 222 pp. 104 figs. 
and tables. 14.5 X 22cm. $6.80. 


Previous volumes in this series have 
been reviewed earlier in THIS JOURNAL 
(31, 670 (1954); 32, 651 (1955); 33, 
A340 (1956)). Each volume has been 
written by an expert in his subject and is 
as completely up to date at the time of 
publication as it is possible to be; in this 
instance, as late as 1955. As with the 
elements covered in previous volumes 
(Cr, Zr, Mn, and Ti), the element molyb- 
denum is not so familiar to chemistry 


teachers as it should be. Most of the 
molybdenum used in the past has been 
as an alloying agent in steel. An im- 
portant, but tonnage-wise minor role, h:s 
been played by molybdenum in the 
metallic components of electronic tubes. 
Now molybdenum has possibilities of u:e 
in other high temperature applications. 

Pure molybdenum is brittle at rooin 
temperature. When it is heated to about 
250°F. it can be “warm-rolled’’ into shect 
or drawn into wire. Molybdenum has 
a very high melting point (2622°C.) and 
has high strength and rigidity at elevated 
temperatures. For this reason, it has 
been used for a long time for heating 
elements in furnaces that are capable of 
operating at 2000° to 2200°C. Induction 
furnaces, in which a cylinder of moly)b- 
denum serves as the susceptor, may 
reach even higher temperatures. Such 
heating elements, of course, must be 
protected by vacuum or inert atmos- 
pheres and must be kept out of contact 
with ceramic parts with which a reaction 
might occur. 

In the past molybdenum has usually 
been worked by powder metallurgical 
techniques. Westinghouse has evolved 
a low temperature sintering process, 
utilizing an atmosphere of moist hydro- 
gen, which effects consolidation of a ton 
of molybdenum powder to a solid mass 
which may be swaged, forged, rolled, and 
drawn into wire or sheet having large 
dimensions. Arc melting has also per- 
mitted the production of massive molyb- 
denum bar stock. Methods of joining 
molybdenum have also been evolved. In 
the technology of molybdenum, thus, 
many difficulties have been overcome, and 
the hope that this very promising metal 
will be able to meet the demands for 
engineering materials for high tempera- 
ture service are based upon increasingly 
reliable information. 

Unfortunately, molybedenum still suf 
fers from two serious defects. It is read- 
ily embrittled and it has low oxidation 
resistance. A great deal of money has 
been spent since World War II on re 
search to circumvent these defects by one 
way or another. Protective coating ma- 
terials, like molybdenum disilicide (MoSiz) 
(formed by heating Mo wire while em- 
bedded in metallic silicon in a flowing 
atmosphere of hydrogen saturated with 
hydrogen chloride), afford some protec- 
tion to temperatures as high as 1700°C. 
For example, such a coating 0.025 mm. 
thick completely protected a molybdenum 
wire for over 4000 hours in air at 1000°C., 
and for over 30 hours at 1700°C. Several 
other coatings have been investigated .nd 
some are so promising that there is hope of 
producing a coating that will make it 
possible to use molybednum as an en- 
gineering material for high temperature 
applications. Molybdenum alloys of prom- 
ise have also been developed. 

The present volume reviews all ticse 
developments in an honest and forthright 
manner. The greatest emphasis is on 
physical metallurgy. There is little in- 
formation about the chemistry of-mo!yb- 
denum, except as it affects its mechanical 
behavior and ultimate high temperature 
applications. Nevertheless, like the rest 
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evolved HE preliminary report of the American Association go or soon will go to the ballot box as citizens. More- 
process, @ for the Advancement of Science Committee on “The over, at least in the introductory courses, the teacher is 
“pe Social Aspects of Science”’ has been in the science news the only contact with science which the student has; 
‘d mass (g 22d the public press for several months. (See Science, the teacher is “science” for him. The position in the 
ed, and [§ 125, 143 (1957), Chem. & Eng. News, Newsweek, Time, front of the classroom is unique and often an uncom- 
g large @ etc.) What the committee said has been lauded and fortable one. What the teaching scientist says is 
so per- @ condemned, interpreted and misinterpreted. Much of heard. The pronouncements of those speaking for 
ewe the controversy has stemmed from the essential scientific organizations are missed along with the rest 
Ay LC premise that organized science has an obligation to con- of the contents of the newspaper which the busy student 
, thus, § sider its role not merely in the discovery of scientific never reads. Uncomfortable though it may be, it 
me, and knowledge, but also in the more difficult task of aiding seems to us that this position carries with it some obliga- 
gem society to develop the wisdom with which to make use tions. 
lle of the knowledge. This issue is a complicated one. Obviously, the science teacher himself must be aware 
asingly fg Wiser and more experienced heads than ours are needed of the social problems which have arisen because our 
to answer the Wall Street Journal’s misapprehension civilization is a scientific one. Further, it seems reason- 
till suf that the report is “a clear call to the political barri- able that he should share this awareness and develop 
ew cades.” It is inevitable that any organized voice be similar open eyes and open minds in his students. If 
ey has jp SUSpect. We hope the committee will not have stage there are social implications to a chemical discovery, 
on re [™ fright before the blazing footlights of scrutiny by the where better for the student to realize this than in the 
sby one #@ public press. Every discerning scientist-citizen realizes chemistry classroom? If the chemistry class provides 
(MoS) that the voice of organized discerning science needs to only the information, and the problem of what it means 
‘le em- fg heard. to him is posed for the student only in the social science 
flowing fj _ We do not think we are missing the point, however, ~ classroom or in church, it is not surprising that his 
d with JJ if we urge our readers to give close attention to the re- opinions may have little resemblance to the facts. 
protec- port and come to some conclusions about their in- Such a student might grow up to be a Wall Street Jour- 
ood dividual responsibilities as scientists. A portion of the nal editor! 
xdenum fe’ eport states: The facts about radiation hazards, potentially harmful 
vad The growth of science and the great enhancement of the degree food additives, and the production of smog are pertinent 
i of control which we now exert over nature have given rise to new to the content of the chemistry course. Should not the 
: social practices, of great scope and influence, which make use of . “Es . . ar 
hope of new scientific knowledge. While this advance of science has implications which can serve as bs basis for opinions 
nake it greatly improved the condition of human life, it has also gen- about their control be equally pertinent to the education 
an en- erated new hazards af unprecedented magnitude. ... The de- of the citizen? Although chemistry cannot solve social 
problems even thowe it may create, chemists as edu 
cies. For such decisions, these agencies and ultimately the people cated citizens can and should come to — conclu- 
ll these JM themselves must be aware of the facts and probable consequences sions. The role of chemistry in democracy is abstract. 
‘thright [ij of action. Here scientists can play a decisive role: they can bring The role of the chemist, especially the teaching chemist, 
= & be facts and their estimates of the result of proposed actions be- is very real. He should put “‘the facts and his estimate 
alr ore the people. of the result of proposed action” in their proper context. 
Renistl The scientist in the classroom deals directly and What more proper context can be found than the dis- 
era lure constantly with “‘the people.” His listeners either now cussion in the chemistry classroom? 
he rest 
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Every teacher and student must continually bear in 
mind the inherent imperfection of all models lest 
these “crutches” for our thinking become rigid molds 
for our thoughts. Our ideas of the state of affairs in 
any system are abstractions, and the models second 
order abstractions of the ideas. Yet it is often con- 
venient to construct models to serve as mnemonic 
devices on which to hang our interpretations. Models, 
even with their inevitable imperfections, are useful 
and even necessary to the majority of students. 

We shall make use in this article of a common atomic 
model—that of the hard sphere—fully realizing that 
atoms are not as sharply hard as the spheres used, 
that they may not be spheres at all, and that they are 
certainly not colored—as the spheres may be for 
differentiating. Yet the use of hard spheres for the 
constituent atoms allows the model to approximate 
many of the gross properties of a solid atomic aggregate. 

These hard sphere models for solids, more exactly 
for crystals, have been in use for at least forty years 
with considerable success. Present crystalline models 
are often of great complexity; hormones and even more 
complicated proteins being approximated. Simple 
models, on the other hand, are of considerable use and 
have even found their way into elementary laboratory 
manuals. This article will restrict itself to very 
simple models indeed; models readily available to 
anyone with as little as ten dollars to invest,? models 
which may be used readily in a classroom to interpret 
gross behavior of crystalline systems in terms of atomic 
arrangements and rearrangements. 


CLOSEST PACKING OF SPHERES 


The maximum coordination number of identically 
sized spheres may be easily demonstrated to be 12 using 
the frame pictured in the figures to contain a suitable 
number of spheres. Twenty-five spheres work very 
well as shown in Figure la. (The frame is made of 
four pieces of plywood, slotted as shown to allow 
close adjustment of frame dimensions to accommodate 
the spheres used, and bolted together at the corners. 
The bolts serve as hinge fulcrums so that the frame can 
be forced into any desired parallelogram.) The frame 
dimensions and angles are adjusted so that the 25 


1 Presented as part of the Symposium on Use and Abuse of 
Models in Teaching before the Division of Chemical Education at 
the 130th Meeting of the American Chemical Society, Atlantic 
City, September, 1956. 

2 All the models discussed in this article may be constructed 
from 55 spheres 3 or 4 in. in diameter plus a selection of smaller 
spheres which will fit into the octahedral, tetrahedral, and tri- 
angular holes formed between the large spheres. The cheapest 
available spheres seem to be styrofoam ones’ such as discussed in 
THIS JOURNAL, 30, 503 (1953). 
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spheres are firmly in contact but still all in one plane. 
The coordination number in this single layer is readily 
seen to be six. We usually demonstrate this by pre- 
setting the frame and then just dropping spheres into 
it in a random manner until it is full. 

A second layer (of 16 sphere) is now rolled onto the 
first with minimum guidance by the demonstrator. 
Each ball will automatically fall into a “hole’”’ made by 
three in the first layer. Enforcing only the single 
criterion that each sphere must be as close as possible 
to others in its own layer, one can now readily show that 
each sphere in the original layer is in contact with 
three in this second layer and vice versa. (See Figure 
1b.) Since there could, of course, be an identical 
layer in the plane below the first layer the maximum 
coordination of identically sized spheres must be 
twelve. 


THE “THIRD” LAYER—FACE CENTERED CUBIC OR 
HEXAGONAL CLOSE PACKING 


A third layer may now be rolled on just as the second 
was. But a difficulty arises, or at least an ambiguity. 
Two non-identical arrangements are formed depending 
on whether the third layer spheres are directly over 
the spheres in the first layer, or whether they are 
directly over the triangular holes formed by the first 
layer spheres. Each of these arrangements maintains 
the coordination number of twelve and an identical 
arrangement of spheres in any given layer, but the 
“long range order’ is different. Figures 1d and lf 
demonstrate the difference when a total of five layers 
has been positioned. 

Most observers will readily agree that the external 
appearance of the model illustrated in Figure 1d 
is more symmetrical than that shown in Figure If. 
All three visible faces of the former are more regular 
than those of the latter. It is possible to describe 
this symmetry in many ways but the most common 
method is to refer to the structure shown in Figure 
ld as face centered cubic. Black spots have been 
placed on a set of spheres which may be considered to 
occupy the corners of one of these face centered cubes. 
The atoms in the centers of several of the faces may 
also be identified. Examination will show that this 
model was built up by having the third layer of spheres 
over the holes in the first layer. See also Figure lc 
where a third face of the cube is exposed. Seven of 
its eight corners are visible here. ; 

The model in Figure 1f is usually called hexagonal 
close packed. In this model the spheres in the third 
layer are immediately over those in the first layer a 
the model was constructed. The same spheres are 
spotted here as in Figure ld. Examination o/ the 
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Figure la. Close Packed Layer of Spheres 


Figure lb. Two Superimposed Close Packed 
Layers of Spheres 


figures, or preferably of an actual model, will show that 
the face centered cubic model is readily converted into 
the hexagonal close. packed one and vice versa, by 
sliding or rolling every third layer of the former approxi- 
mately one spherical radius over the layer below it. 
Compare Figures lc and le, and Figures Id and If. 
Planes of spheres within the model which can readily 
slide in this fashion, with little effort and no distortion 
of the rest of the model, are known as slip planes. 
They are often invoked in interpreting gross proper- 
ties as we shall soon find. 


ACTUAL PACKING OF ATOMS 


It is interesting to note that most of the chemical 
elements crystallize in one or the other of the two 
closest packed structures outlined above, excluding 
from consideration those elements which form poly- 
atomic molecules as do hydrogen, phosphorus, selen- 
ium, ete. Apparently one of the main driving forces 
in the formation of these crystalline elements is toward 
the maximum coordination number of twelve. 

A theoretical interpretation of this is not, of course, 
far behind the experimental observations. High co- 
ordination numbers mean more bonds to neighboring 
atoms and more bonds mean a more stable crystal. 
This simple criterion will be insufficient if an atom has 
a marked tendency to form bonds strongly oriented in 
space, as does carbon, or if an atom has a bonding 
strength which varies rapidly with distance. In the 
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Figurele. Face Centered Cubic Model with 
Corner Spheres of “Single Cube” Spotted for 
Clarity. Three faces are Visible 


Figure ld. Same as Figure la but with Full 
Complement of Spheres 


Figure le. Three Close Packed Layers in 
Hexagonal Close Packed Sequence 


Figure lf. Same Number of Spheres as 
Figure ld, but Here They are in Hexagonal 
Close Packed Sequence. Note Shift of Every 
Third Layer from Bott Compared to 
Figure ld 


latter case the atom may achieve a more stable arrange- 
ment with fewer than twelve bonds since the smaller 
number of bonded neighbors may shorten the inter- 
nuclear distance and give, for example, eight shorter 
bonds each sufficiently stronger than the twelve longer 
ones so that the ovér-all bonding is stronger with eight 
neighbors under certain conditions. 

But we are staying with very simple models so shall 
discuss only those systems in which closest packing, 
i.e., coordination numbers of 12, are found. 

Now face centered cubic and hexagonal close packing 
differ only in the arrangement of each third layer with 
respect to the first one. In’ hexagonal close packing 
each atom in the third layer is directly over a 
corresponding atom in the first layer, while in face 
centered cubic the third layer atoms are over the 
triangular holes in the first layer. This raises the 
interesting question as to how the atoms “know” 
what is going on in a layer with which they are not in 
contact. No real answer has been given to this 
problem, but the situation becomes even more fascinat- 
ing when real crystals are studied. 

As far as the hard sphere model goes, the layers 
could repeat indiscriminately so that some layers 
might have a face centered sequence to each other 
while different layers in the same model have an 
hexagonal close packed sequence. In nature this 
seldom happens. The great majority of real crystals 
in which a coordination number of 12 is achieved are 
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either face centered cubic or hexagonal close packed though any convenient elementary metal rod _ will 
throughout. It is, perhaps, not too difficult to rational- do. The rod may be deformed a considerable distance face 
ize a crystal force effective over two or three atomic and yet spring back to its original shape. Application The 
layers as in these two simple structures. of more than a certain force in a given period of time fallo 
; Unfortunately for one who has succeeded in this will, however, lead to permanent deformation. A W. 
rationalization, however, crystals are known in which kink or bend wil] remain when the force is relieved. be re 
the repeat distance is much greater. These crystals The same kinking or bending may be attained if less atom 
have only close packed layers but the repeat distance force is applied over a longer period of time. Re- is CO 
may be as high as 12 to 15 layers. The nature of the peated bending will crack the rod. the n 
crystal forces which can propagate though such long Now try to straighten the rod by again holding the along 
distances is not interpreted by any current theory. ends and bending it in the reverse direction. Rather with 
But again our model is becoming too complicated and than straightening, two additional bends will form, certa 
we must return to simple experiments and their inter- one on each side of the original one. If a well directed appli 
pretation in terms of our simple model. However, attempt is made to straighten the original bend it is moti 
the existence of these long range forces should always found that considerably more force must be exerted to syste! 
be kept in mind for they may be of great importance in straighten the bent portion than to make the origina) lower 
crystals even when they do not evidence themselves bend. unsta 
by long range repeat distances. Our model must then account for both the rigidity 7 
and elasticity of an elementary metal under limited ‘tc 
SOME SIMPLE EXPERIMENTS stress, its deformation under greater stress, the in- packe 
The inert gases and most of the common metallic creasing yield strength with increased bending (or Jj? hig 
elements crystallize in the face centered cubic system. working) and breakage under repeated bending. layer 
Any model, such as the ones we have constructed, (If it will also interpret other properties, so much the [ [ayer 
- ought to allow an interpretation of some of the gross better.) own | 
properties of these substances in terms of the behavior The 
of the model under analogous situations. BERDING AND THE MODEL to mo 
Consider for example some experiments with an The sequence of pictures in Figure 2 illustrates the J atom 
ordinary copper rod some sixteenth inch in diameter, effect of “bending” on the face centered cubic model JJ ment | 
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shown in Figure 2a. The corner spheres in a typical 
face centered cube in Figure 2a are shown with spots. 
The position of these and the other spheres may be 
followed in each of the other pictures. 

When a metal is subjected to a stress the stress will 
be relieved by a minimum movement of the constituent 
atoms and breaking of as few bonds as possible. It 
is common to interpret such movement in terms of 
the models we have constructed by invoking movement 
along the slip planes, i.e., slippage of a plane of atoms 
with respect to an adjacent plane. Such motion is 
certainly possible, particularly when the stress is 
applied parallel to the slip planes. The ease of this 
motion is easily shown by moving the upper layer in a 
system such as shown in Figure 1b with respect to the 
lower layer. Models with more layers tend to be 
unstable with respect to this type of motion. Motion 
along slip planes typically converts a face centered 
structure into one having many hexagonal close 
packed sequences (or vice versa) and eventually gives 
a highly disordered sequence of layers though each 
layer may, in principal, remain close packed (like the 
layer in Figure la) with respect to other atoms in its 
own layer. 

There is, furthermore, a high potential energy barrier 
to motion along a slip plane since at least one bond per 
atom must be pretty well broken before its replace- 
ment can begin to form. 

A second type of motion is even more easily demon- 
strated with the model, one which approximates closely 
to a typical bending stress in an actual crystal. This 
motion is demonstrable by starting with the model 
in the position shown in Figure 2a and pushing gently 
on the long diagonal of the frame. Relatively slight 
effort will convert the model smoothly into the struc- 
ture shown in Figure 2b. Motion along slip planes, 
as we have pointed out, leads to a high degree of dis- 
order more or less automatically, but the motion de- 
scribed here has obviously produced a system still 
having a high degree of order. The original face 
centered cubes have lost their cubic symmetry as 
shown by examination of the new positions of the 
spotted spheres. Removal of five of the upper spheres, 
as shown in Figure 2c, however, reveals the interesting 
fact that the system is again face centered cubic. 
Note that the upper layer in Figure 2c is typically 
face centered and is, indeed, one face of a completely 
face centered cube whose face diagonals are perpen- 
dicular to the edges of the frame. (Actually the struc- 
ture achieved is not quite face centered cubic since the 
frame dimensions are now slightly too Jong as shown by 
the fact that the spheres in the lowest layer are not 
quite in contact.) 

Let us now investigate what happens if we try to 
return the frame to its original position. Figure 
2d indicates a typical result when a model of the form 
of Figure 2b is deformed by pushing slowly along one 
of the frame diagonals while the model is on a smooth 
surface, like a wooden table. (Excessive friction in 
the bottom layer causes trouble as anyone using the 
mode] will find out.) Parts of Figure 2d are identical 
to the origina] arrangement in Figure 2a (or 2f), 
but it is ciear that this earlier figure has not been 
reformed. There has developed, rather, a volume of 
considerable disorder near the middle of the model. 
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(Sometimes this disorder appears only after several 
deformations.) If the spheres which are clearly not 
part of any ordered array are removed, without disturb- 
ing any of the ordered ones, the arrangement shown in 
Figure 2e isfound. In this particular case two different 
face centered fragments have been formed. The 
left-hand portion is identical with the original arrange- 
ment shown in Figure 2a or 2f while the smaller right- 
hand fragment is a mirror image of the left-hand 
portion. The two portions share a common ordered 
row of atoms in the bottom layer. If the model of 
Figure 2d is now reconstructed and deformed once 
more by again pressing along the long diagonal of the 
frame, it will be almost impossible to accomplish any 
motion without rather complete disruption of the model. 
The disordered region does not distort easily. 

(A further disclaimer is needed at this point to admit 
that some of the behavior of this model is due to the 
fortuitous way in which gravity cooperates with the 
wooden frame and the particular motion chosen to 
produce the smooth motion and order when moved in 
one direction and the disorder when a reciprocal 
motion is attempted. This does not seriously affect the 
argument from the model. The smooth transition from 
one face centered to another face centered system with 
differently oriented axes is quite possible and does not 
require passage over any high potential energy barriers. 
New bonds form as old ones are stretched.) 

We can now proceed to interpret the actual behavior 
of the metal under stress in terms of that of the model 
under similar stress. A rod of elementary metal is 
composed of single crystalline regions (usually small) 
in which the atomic order is well defined as in Figures 
2a or 2f. Application of a slight stress gives a bend 
from which the metal will recover (spring back) just 
as application of a small stress to the model will let 
the spheres return automatically to their original 
positions when the stress is relieved. Try this with 
the top spheres in any model for instance. 

If sufficient stress is applied, however, the spheres 
move over a potential barrier toward another position 
and do not return when the stress is relieved. This 
is again readily demonstrable with the top spheres in 
any model. 

When a crystal, or the model, is bent in a very 
selected way as in going from Figure 2a to Figure 2b 
there may be little deformation so that little effort 
is needed. This type of bending will always occur 
first, when possible, since it involves overcoming the 
smallest available potential barriers. 

Any given sampie soon runs out of these easy 
methods of deformation, however, and regions of 
gross disorder form. Both slip planes and easy de- 
formations now are absent so that a marked increase 
in force is necessary to cause deformation. However, 
these disordered regions contain fewer bonds per unit 
of volume than ordered regions and are, indeed, in- 
cipient cracks in the substance. Repeated stress 
enlarges these cracks by breaking more and more of 
the bonds in them so that eventually the sample 
separates into two distinct portions. It breaks. 


EFFECT OF TEMPERATURE 


If our original, typical elementary metal rod (as- 
sumed to have been formed by cold working) is heated 
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before an attempt is made to bend it, one observes 
the bent form with much less stress than in the un- 
heated rod. Furthermore, if a bent section is heated 
it becomes relatively easy to straighten that bend. 

Again the model gives a simple interpretation. 
If one slightly deforms the upper layer in a model such 
as shown in Figure le and then shakes the frame 
gently, the spheres will return to the positions of maxi- 
mum stability shown in the figure. In the same way 
an increase in temperature raises the average kinetic 
energy of each atom and allows a greater freedom of 
motion toward the positions of minimum potential 
energy. This minimum is the close packed structure 
of the single crystal. As the disordered regions disap- 
pear with a corresponding growth of ordered regions 
the sample becomes easier and easier to deform by 
bending as already explained. 


EFFECT OF ALLOYING 


At least three types of alloys are known which show 
properties similar to the ordered single crystals we 
have been discussing: (1) interstitial alloys, (2) 
substitutional alloys, and (3) compounds. We shall 
not discuss class 3 though some of the properties of 
alloys of this class may be inferred from our models 
for the other two types. 

Hard steels are often cited as examples of inter- 
stitial alloys. They may be formed by dissolving ele- 
ments such as carbon, nitrogen, or boron in iron. 
Such steels typically have a very high elastic limit, 
are hard, and brittle. They are difficult to bend, 
will spring back to the original shape after a much 
greater deformation than pure iron could survive, and 
will crack rather than flow if subjected to an excessive 
stress. 

If we consider the processes of deformation found 
so far in the model we can, perhaps, see how this de- 
formation can be effectively forbidden. None of 
the models shown in the figures are “‘solid.’””’ There 
are always interstices between spheres of like size no 
matter how closely they may be packed. As a matter 
of fact, easy deformation is only possible because of 
these interstices. Atoms do not readily interpenetrate 
and can move readily from one crystal site to another 
only if empty space is available into which they can 
move, creating more empty space behind them and 
making the deformation a cooperative phenomenon 
through large volumes of the crystal. If these inter- 
stitial holes were not present, motion would be most 
difficult. 

Simple trial will show that close packed models 
contain at least three types of “‘holes.”” The holes on 
the closest face of the model shown in Figure 2a are 
known as tetrahedral. An atom fitting into one of 
these holes would have a possible coordination of six— 
the four atoms in the face, the one visible behind the 
face, and the one that would be present in front of the 
face if the crystal were continued. These are the 
largest “holes” in a close packed structure and equal 
in number the number of close packed atoms in the 
structure. The tetrahedral holes are also readily 
visible in Figure 2c where the second layer of spheres 
is exposed. 

A second type of hole is the tetrahedral one. These 
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constitute the space between any three contiguous 
spheres arranged such as in Figure la and a fourth 
sphere resting in the wel] formed by the first three. 
These holes are considerably smaller than the tetra- 
hedral holes in the same model. ; 

The third type of hole is formed between any three 
contiguous spheres arranged as in Figure la and in 
the same plane’ as the three spheres. These are 
known as triangular holes. 

It is quite possible to fill any of these types of holes 
without interfering with the holes of either of the other 
types. Which hole a particular size of second sphere 
will enter will depend on its relative size in com- 
parison with the larger spheres. The radius ratio 
which is exactly right for the smaller sphere to fit 
snugly into the interstitial holes is readily calculable. 

If, now, smaller spheres do enter the octahedra! or 
tetrahedral holes in a close packed structure, some of 
the holes disappear. It becomes correspondingly 
more difficult to deform the crystal. The new set of 
spheres blocks the motion necessary for a smooth 
deformation. It also blocks the attainment of new 
stable positions after deformation so that gross deforma- 
tion is apt to lead to cracking and breaking of the sub- 
stance. It will be noted that the atoms which form 
interstitial alloys are of relatively smal] effective 
atomic radius and can thus occupy these interstitial 
holes with little distortion of the original structure. 

Substitutional alloys are those in which each second 
type of atom occupies a crystal position formerly 
occupied by one of the original atoms. The crystal 
structure is not appreciably changed, but two different 
kinds of atoms are distributed throughout the close 
packed structure in terms of the model we are using. 

Substitutional alioys are typically somewhat harder 
to deform than the pure elements but are not as hard 
as the interstitial type. Some gold alloys are of this 
type, for instance. This lack of a great change in 
hardness fits well with the ideas developed so far since 
the crystal structure is relatively unchanged. The 
increase which is noted is interpretable in terms of a 
slight decrease in the uniformity of the crystalline 
layers, since even incipient disorder will lead to some 
hardness. 

Substitutional alloys are usually found when the 
effective radii of the alloying elements are close to 
the same. 


CLOSE PACKING IN IONIC COMPOUNDS 


The model thus far has been used to interpret the 
behavior of crystals made up of electrically neutral 
atoms whose packing is determined in a large measure 
by a tendency to conserve the available space through 
close packing. In a very large number of ionic sub- 
stances similar criteria hold with the additional com- 
plication that the atoms are now electrically charged. 
The resulting coulombic forces now have an effect on 
the crystalline properties. 

In a very large number of instances, however. the 
negative ions (which are usually larger than the 
positive ones) are essentially close packed wit]. the 
positive ions occupying the octahedra] and/or ‘ctra- 
hedral holes. Sodium chloride is a typical example. 
The sodium ions are in octahedral holes in -ubic 
face centered (close packed) lattice of chloride :ons. 
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There are, of course, not only attractive forces 
between ions of opposite charges, but repulsive forces 
between ions of similar charge. Thus, while the 
crystals tend to be hard and brittle because of the inter- 
stitial nature of the packing, the hardness is decreased 
and the brittleness increased by the strong repulsions 
which set in if the atoms are moved with respect to 
one another. Under these conditions there will be 
a state where the like atoms come closer together than 
in the equilibrium crystal, and the solid will crack 
as a result. 


CONCLUSION 


This model, then, is based on ideas long used to 
interpret crystalline behavior. Some of its successes 


are, as with all models, artifacts of its construction 
rather than reflections of the situation in crystals. 
We have not discussed the important role of faults 
and dislocations in determining deformation properties 
of crystals. But a sound foundation has been laid, 
little will need to be unlearned, and the comprehension 
of more contemporary ideas will be easier if this simple 
mode] and its behavior have been first understood by 
the student. 

Typical of the elementary discussions of close 
packing and radius ratio effects are those available in 
the texts by Pauling* and Steiner and Campbell.‘ 


3 Pauine, L., “College Chemistry,’’ 2nd ed., W. H. Freeman 
and Co., San Francisco, 1955. 

4Sremer, L., anp J. A. “General Chemistry,’’ 
The Macmillan Co., New York, 1955. 


Iy reacuine chemical kinetics, much use is made of 
the concepts of transition-state theory. A useful 
outline of the development of the theory is given by 
Eyring.? Potential-energy diagrams if correctly used, 
can contribute a great deal to the students’ understand- 
ing of this theory by offering a “physical picture” of 
some of the details of atomic interactions. 

When a teacher or other lecturer discusses the theories 
of reaction rates, he is almost certain to make use of a 
graph of the potential energy versus the “reaction 
coordinate.”” Such a diagram, illustrated in Figure 1, 
is very helpful; but students are often confused regard- 
ing the meaning of the term “reaction coordinate.” 
This parameter has the general nature of a distance or 
combination of distances between atoms during reaction 
along the path of lowest energy. Its meaning becomes 
clearer when the student acquires an understanding of 
three-dimensional potential-energy diagrams. 

It is assumed that for any collection of atoms in the 
ground state, the total energy is constant and the 
potential energy is a function of the relative positions 
of the nuclei. When only two atoms are involved, the 
energy is a function of the internuclear distance only 
and may be plotted in two dimensions. A potential- 
energy graph for the HBr molecule is shown in Figure 2. 
This graph is actually a photograph showing one side 
of the model described in this paper. 

The potential energy for a system of three atoms is 
more difficult to visualize. . In fact, since there are 
three independent internuclear distances, the energy 


‘Presented as part of the Symposium on Use and Abuse of 
Models in Teaching before the Division of Chemical Education at 
the 130th Meeting of the American Chemical Society, Atlantic 
City, September, 1956. ; 

*Evrina, H., Chem. Revs., 17, 65-77 (1935). 
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MODEL OF A POTENTIAL ENERGY SURFACE’ 


J. L. DYE 
Michigan State University, East Lansing, Michigan 


ACTIVATED 
COMPLEX 


REACTANTS 


PRODUCTS 


REACTION COORDINATE 


General Potential Energy Curve for a Reaction 
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Figure 1. 


function is a four-dimensional “surface.’”” Quantum 


mechanics allows one to show. that, at least when the 
valence electrons of the center atom are in s states, the 
most favorable configuration is a linear arrangement of 
the three atoms. If we assume that something close to 


Figure 2. Side View of the Model Showing the Potential Energy Curve 
for HBr 
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this linear arrangement exists during most “successful” 
collisions, only two independent distances remain. 
This assumption is the first step in choosing the 
“reaction coordinate.” A three-dimensional surface 
can be used to represent the variation of potential 
energy with internuclear distances for such a linear 
configuration. 

The energy of a system of three atoms, X—Y—Z, 
cannot yet be calculated from quantum mechanics 
alone. Instead, an approximate method such as the 
“semi-empirical” treatment introduced by Eyring and 
Polanyi’ is used. The details of the resulting potential- 
energy surface are not correct; but nevertheless a useful 
qualitative picture is obtained. 

Using the Heitler-London treatment, the energy of 
the system can be written as 


E=A+B+C+ 
Vi/al(a — 8B)? + (a — + (8 — (1) 


in which A, B, and C are “coulombic” energy terms and 
a, B, and y represent “exchange” energies. The 
“semi-empirical’”’ approach consists in evaluating all 
six terms from the potential-energy curves for the three 
diatomic systems, X—Y, X—Z, and Y—Z. These 
curves are represented by the Morse function using 
spectroscopic information.‘ In addition, the coulombic 
energies A, B, and C are assumed to constitute a fixed 
percentage (10%-20%) of the total energy of the 
respective diatomic system. Equation (1) allows E 
to be calculated as a function of the two independent 
distances, rxy and ryz. (For this linear system, rxz = 
rxy + Tyz.) Such calculations allow one to describe 
the changes in energy which occur during the reaction, 


XY +Z—>X+ YZ 


with ryz becoming smaller and rxy becoming larger as 
the reaction proceeds. 

The calculations described above were carried out for 
the reaction 


H—H + Br—H + H—Br 


by 27 students in a class studying kinetics. This re- 
action is postulated to be an important step in the 
photochemical reaction of hydrogen and bromine.® 
Each student made calculations of the potential- 
energy curves for several] fixed distances of a pair of 
atoms. Data listed by Herzberg* were used assuming 
14% coulombic energy. It was possible for the class 
to prepare a rather detailed energy contour graph for 
the reaction without undue work for any individual. 
The contour diagram has the same appearance as 
shown in a top view of the model with constant energy 
lines drawn at 10 kcal. intervals (Figure 3). 


CONSTRUCTION OF THE MODEL 


Using this contour graph glued to a sheet of plywood, 
a clay mold was prepared which was used to make the 
final plaster model. Strips of 0.014-in. thick steel 


3 Eyrine, H., anp M. Poanyl, Z. physik. Chem., B12, 279-311 
(1931); Eyrine, H., Chem. Revs., 10, 103-123 (1932). 

HerzBera, G., ‘Molecular Spectra and Molecular Structure,’’ 
2nd ed., D. Van Nostrand Co., Inc., New York, 1950, p. 101. 

5 See for example: Frost, A. A., anv R. G. Pearson, “Kinetics 
and Mechanism,’’ John Wiley & Sons, Inc., New York, 1953, 


p. 224. 
® Ref. 3, Table 39, pp. 501-81. 
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Figure3. Photograph Showing the Point on the Model Corresponding 
to the Activated Complex 


“shim-stock”’ were cut to widths of 1 in., 2 in., ete., and 
were fitted to the appropriate contour Jines with smal] 
finishing nails. Most of the space between the steel 
strips was filled with plaster of Paris which served to 
hold the strips firmly in place. Modeling clay was then 
used to finish the 18- X 18- X 11-in. high mold. The 
mold was greased, and a mixture of plaster of Paris 
and expanded mica was used to form the model. After 
the mold was removed, the mode] was mounted in a 
plywood box and finished with a commercial finishing 
plaster and paint. Lines of constant potential energy 
were drawn on the surface using a jig which rested on 
the floor. These lines were spaced at 10 kcal. intervals 
(1 in. on the model), and were painted on the surface 
with the aid of masking tape. Figure 3 shows a top 
view of the finished model and Figure 2, a side view. 
The model illustrates quite effectively to a class the 
meaning of the reaction coordinate (the path of lowest 
energy), the activated complex, and potential-energy 
curves for diatomic systems. 


ANALOGY TO CHEMICAL REACTION 


Figure 3 illustrates photographs which can be made 
into slides to familiarize the students with the meaning 
of potential-energy surfaces. The three balls in a line 
form a scale model for the Br—H—H system in the 
activated complex. The black ball on the model 
surface shows the point on the surface corresponding 
to the activated complex. 

If a frictionless particle could be caused to slide on 
a perfect surface of this type, the motion of the particle 
would describe the atomic positions and velocities in 
an actual reaction. (To be an exact representation, 
the angle between the coordinate axes would have to be 
45.4° for this system.) In practice, a ball rolling on 
the surface is quite useful in examining some of the 
details of the reaction, particularly the interconversion 
of translational and vibrational energies. 

It is difficult for a large class to observe the motion 
of a ball on the surface, and even with small groups of 
students, the velocities involved are too great to permit 
easy study of the path. For these reasons, 1(-mm. 
slow-motion moving pictures were made of a ball rolling 
on the surface. Such pictures, exposed at 64 frames pe! 
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Figure 4. Trace of a Ball on the Surface for a ‘Successful’ Collision 
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second, and shown at 16 frames per second, permit 
ready observation by the class. Figures 4 and 5 are 
photographs of the model with paths drawn on the 
photographs representing a “successful” and an 
“unsuccessful’’ coilision, respectively. The paths were 
sketched with the aid of the motion pictures. 

When the students have a thorough grasp of the 
ideas involved in this reaction, it is not difficult to 


(y) 42-1 


Figure 5. Trace of a Ball on the Surface for an “Unsuccessful” 
Collision 

extend the discussion to more complicated reaction 

types, for which the potential energy cannot be graphed. 
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Tae usefulness of the molecular orbital theory in 
teaching organic chemistry is indicated by the number 
of elementary texts which now employ it. Visualiza- 
tion of molecular bonding has been greatly aided by 
drawings such as those in Noller’s writings.2* How- 
ever, questions from students in our classes have indi- 
cated that three-dimensional models would have some 
advantages in atomic orbital (AO) and molecular 
orbital (MO) lecture presentations. 

Our experience with fabricating molecular models 
irom Styrofoam suggested that this material might 
provide an easier approach than the use of papier- 
miché described by Fowles.‘ Accordingly, a basic 


‘Presented as part of the Symposium on Use and Abuse of 

Models in Teaching before the Division of Chemical Education at 

he 130th Meeting of the American Chemical Society, Atlantic 

ty, September, 1956. Additional details of the technique of 

serine Styrofoam models are discussed in THIS JOURNAL, 30, 

(1953). 

— C. R., J. Cuem. Epvuc., 27, 504 (1950); ibid., 32, 
5). 

*Notuer, C. R., “Chemistry of Organic Compounds,”’ W. B. 

sunders Co., Philadelphia, 1951. 

‘Fow.es, G. W. A., J. Cuem. Epuc., 32, 260 (1955). 
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ATOMIC AND MOLECULAR ORBITAL MODELS' 


FRANK L. LAMBERT 
Occidental College, Los Angeles, California 


group of AO and MO models were made and the con- 
structional details are presented here in brief form. It 
is hoped that this information together with the ac- 
companying photographs will help others in develop- 
ing this very useful tool. 

The basic shapes from which the Styrofoam models 
were made included 3-in. eggs (2.4-in. minor diameter, 
3.l-in. major diameter), 2.5-in. rod, various sized 
balls, and plank.’ All of the wire frames were brazed 
from */3-in. welding rod. Any necessary carving or 
reshaping was done with a coarse wood rasp followed 
by sanding with emory paper or with rough Styrofoam. 
For gluing, commercially available polyvinyl acetate 
adhesive was found to be a superior material. 

Color coding was thought to be one of the most 
important considerations in the model design. It is 
futile to build models whose meaning or symbolism is 
not quickly understood by the student. Accordingly, 


5 All are available from the Star Band Company, Broad and 
Commerce Streets, Portsmouth, Virginia, or local florist supply 
houses. 
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H-H DISTANCE (2) H-H DISTANCE (A) 
ponding 
| 
i 


we chose colors whose first letter was the same as the 
designation of an AO or MO. Scarlet was selected for 
s and sigma orbitals as well as the background color 
for hybrid sp, sp?, and sp’ orbitals. All p and 7 or- 
bitals were dyed purple. Hybrid orbitals were repre- 


sented by a single purple dot on a scarlet background - 


for sp, two purple dots on a scarlet background for 
sp’, and three purple dots on scarlet for sp*. The hy- 
brid symbols were made by first printing one or more 
black circles on the scarlet background with fountain- 


Bottom row, left to right: (a) Hydrogen atom in the conventional molecular 
model on a scale of 1 in. = 1 A. (6) Hydrogen atom on the scale used for 
the AO and MO models (2 in. = 1 A.). (c) Diagrammatic cross section of 
the hydrogen atom to indicate that the position of the largest fraction of the 
charge is in the volume element near the “Bohr radius.”’ (A true cross sec- 
tion would show electron charge density quite large at the center, decreasing 
outward to the van der Waals sphere.) (d) An alternate method of repre- 

tation of the p of the largest fraction of the charge with a small 
sphere the size of the Bohr radius. (e) Hydrogen molecule on alin. = 1 A. 
scale. (f) Cross section of a hydrogen molecule on the usual scale of 2 in. = 
1 A. As in the cross section of the hydrogen atom, this is diagrammatic in 
that the shading represents the volume elements of the largest fraction of 
the electron charge. (The charge density is not zero near the nucleus, but 
this representation was thought to be most useful for the presentation to 


+ 


Top row, left to right: (a) 1s Orbital, half scarlet to indicate that only one 
electron is present, although the wave form is spherical and the orbital can 
accommodate two electrons. Two inches in diameter. (b) 1s? Orbital, 1.8 
in. in diameter. (c) Alternate method of representing the 1s? orbital: half 
scarlet and half striped to indicate opposite signs for the wave functions. 
(Size should be the same as the other 1s? model. We have not used this 
representation because the simpler model seems satisfactory.) (d) 2s Orbital, 
3.7 in. in diameter. (e) 28? Orbital. (f) Cross section of 2s? orbital with an 
indication of 1s? orbital and a white band to represent the node between the 
1s and 2s orbitals. (g) Alternate depiction of 2s? orbital with small sphere 
representing the “Bohr sphere’’ of 1s? orbital. 


Figure 2. Atomic Orbitals 


Bottom row, left to right: (a) 2pz Atomic orbital. Purple egg to represent 
one electron in p orbital. White egg to show both the possibility that the 
orbital can be on either side of the origin and that one more electron can be 
present in the degenerate pz orbital. (b) 2s? 2pz. In the model the 2s? sphere 
is cut in half and the inside shaded to show the 1s* orbital and the node as in 
the model in the top row of Figure 1. The 2s? orbital is omitted for simplicity 
in the rest of the 2pAO models. (c) 2pz2pyAO asin carbon. (d) 2pz2py2pz,AO 
asin nitrogen. (e) 2p2*2p,2p,AO as in oxygen. 

Top row, left to right: (a) 2pz22py22p,AO. (b) 2pr*2py22p,2AO. (c) 
2s?2ptAO. In the last two models of neon, the actual wave form is spherically 
symmetrical, but the eggs directed along the Cartesian coordinates are re- 
tained to illustrate the building up of the several electron orbitals. 
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Figure 3. Hybrid Atomic Orbitals. Molecular Orbitals in Ethylen 
and Acetylene 


Bottom row, left to right: (a) sp Hybrid orbitals, scarlet with one purpk: 
dot. A model of a single sp hybrid orbital would be useful to emphasize the 
point that two electrons can be present in each of these orbitals, seemingly 

pable of taining only one electron. (6) sp Orbitals with 2p electron; 
and 2 white eggs to indicate unfilled orbitals as in carbon. (c) ep? Hybrid 
orbitals, scarlet with two purple dots. The small sphere of each orbital has 
been omitted but-can be placed on the protruding wires. (d) sp? Orbital 
with one p electron and one vacant orbital indicated by a white egg at the 
rear. Two of these sp? orbitals pushed together would result in the di. 


. radical ethylene molecule displayed at the left of the top row. (e) sp? Hybrid 


orbitals, scarlet with three purple dots. The small spheres representing the 
minor lobe of each orbital have been omitted. 

Top row, left to right: (a) Ethylene molecule showing a p electron on each 
carbon with a vacant p orbital adjacent, i.e., ethylene as a diradical. This 
picture of ethylene is taken at a slight angle, as though the MO model were 
being viewed along the axis of one of the C—H bonds. The hydrogens have 
been omitted for simplicity, but the sp? orbitals of the carbon ready for bond 
formation with the hydrogens are indicated by the scarlet eggs with two 
purple dots. The C—C sigma bond is represented by a scarlet ball with two 
purple dots and a line underneath. The p orbitals are, of course, above and 
below the plane of the C—H and the C—C bonds. (6) Ethylene molecule: 
after formation of x bonds. As in the preceding model, the hydrogens have 
been omitted for simplicity. (c) Acetylene molecule as a tetraradical, iv. 
with four p electrons, two on each carbon immediately adjacent to two 
unfilled orbitals (white eggs) on the other carbon. The hydrogens are omitted 
but the sp orbital with which the hydrogen would form a bond is shown by 
the usual scarlet ball with a single purple dot. (d) Acetylene molecule shov- 
ing formation of x bonds between adjacent p orbitals. (e) Acetylene, shovw- 
ing the spherical symmetry of bonding in the molecul 


Figure 4. Molecular Orbitals in Benzene 


Bottom row, left to right: (a) The benzene ring showing the sp*—sp? bonds 
in the ring and the sp* orbitals ready for bond formation with hydroge. 
atoms. The top group of electrons and unfilled p orbitals of the model at the 
right have been removed to make this model. (5) Benzene in hexaradical 
form with three p electrons above the plane of the ring and three belov. 
Adjacent to each p electron orbital is an unfilled orbital indicated by a white 
egg. (c) A ‘‘Kekule form” of benzene with ethylenic x orbitals. All *’ 
orbitals have been omitted for simplicity. Actually, if trae 2 in. = 14 
scale were maintained, this model shows the correct distance be‘ ween tht 
two portions of the MO of benzene rather than that exemplified in othe! 
models in this photograph. The wider spacing makes the model somewh! 
easier to comprehend in a large room, however. 

Top row, left to right: (a) Benzene showing the lowest energy M0 coverité 
all the carbon atoms. Two models like this have been constru:ted with 
white bands at the proper points to illustrate the nodes present in the MO’ 
with energy greater than this lowest energy level. (6) An alternate model 
for the lowest energy MO for benzene showing electron density createst *' 
the nuclei. (The hand carving i a bit tedious and the dye sinks in at the 
junction planes.) (c) Another alternate method of representing ‘he lowe 
energy MO in benzene by using round Styrofoam balls. 
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brush ink applied to the end of a piece of */s-in. pipe. 
The enclosed scarlet dot was then sliced off and a 
purple dot, cut from a colored slab of Styrofoam with a 
cork borer, was glued inside the black circle. This 
extra labor was worth the effort because the black out- 
line set off the purple dots clearly enough to be easily 
visible thirty feet from the lecture table. The symbol 
for a carbon to carbon bond was a black ink line under- 
neath the appropriate number of purple dots. 

The colors which we used were flora] dyes and were 
readily applied. Unfortunately, we chose some rather 
bright shades and they proved to be fugitive in the sun- 
light. It would be wiser to use siliconized enamel, as 
was done in our molecular models although the princi- 
pal reasons for our choosing dyes were the brilliant 
shades available. We thought it useful to have rad- 
jeally different colors for the AO and MO models as 
compared with the standard black, yellow, and red of 
the molecular models so that the student would not 
wonder whether he was being shown electron orbital 
models or the conventional molecular models. An un- 
colored egg was used to symbolize an “unoccupied” p 
orbital, i.e., one lobe of a p orbital which contained 
only one electron. A white band or line on a z orbital 
signified a node. 

Some of the shading in the cross sectional models 


Figure 5. Molecular Orbitals in Butadiene and Vinyl Chloride 


Bottom row, left to right: (a) The butadiene molecule showing its x electron 
orbitals. (The sp*—sp* bonds between carbon and the sp? orbitals ready 
for bond formation with hydrogen atoms are partially visible.) (6) The form 
taken by the lowest energy MO in butadiene. The sp? electron orbitals are 
omitted. (c) The MO in butadiene with slightly higher energy than in the 
model at the immediate left. A node is indicated between the two center 
carbon atoms by the white band. (d) An alternate method of construction 
of half of the butadiene MO using Styrofoam balls. 

Top row, left to right: (a) A model of vinyl chloride omitting the hydrogen 
atoms and inner electron orbitals of the chlorine atom. The x orbital of the 
vinyl group and the 3p electrons of the chlorine are represented as almost 
continguous. (6) A possible depiction of the lowest energy MO covering the 
two carbon atoms and the chlorine in vinyl chloride. All of the sp? orbitals 
have been omitted for simplicity. (c) A representation of the node existing 
either between the carbon and chlorine or between the two carbons in the 
next higher energy MO in vinyl chloride. 


was done by a commercial artist with an air brush. A 
simple paste brush with small amounts of dye was used 
for other shaded models. 

The scale was approximately 2 in. = 1 A, but carbon 
to carbon distances were made uniformly 2.5 in. to 
allow the p orbitals to touch. Where 1 in. = 1 A. 
molecular models are included in the Figures, their 
scale is designated. 

Demonstration models have proved to be eminently 
satisfactory in presenting basic molecular orbital 
theory in elementary organic chemistry courses. .Models 
which should be made in the near future include the 
carboxylic acid group and the carboxylate ion, and 
silver and mercury addition compounds with ethylen:c 
bonds. Lecture illustrations of reaction mechanisms 
would be aided by a series of models showing the pos- 
sible stages in addition of halogens to the double bond, 
and a series showing development of the minor orbital 
(180° from the bond being broken) in the Sy2 type of 
reaction. 


Figure 6. Molecular Orbitals in Substituted Aromatic Compounds 
Correlation of Molecular Models with Electron Orbital Models 


Bottom row, left to right: (a) Chlorobenzene, showing the MO of the ben- 
zene ring and the p electrons of chlorine. (6) The low energy MO which 
could be formed by participation of the p orbital of chlorine in the benzene 
ring orbital. This construction is one of the two halves of the MO which 
should be shown above and below the plane of the carbon atoms in the ring. 
(c) An alternate representation of the MO formed by participation of the p 
electrons of chlorine (or other electron rich group) in the benzene ring showing 
the increase in electron density (somewhat exaggerated) possible at the ortho 
and para positions. 

Top row, left to right: (a) A molecular model of ethylene on the scale of 
lin. = 1A. Hydrogens are yellow and the carbons are black. (b) A molecu- 
lar model of ethylene on a scale of approximately 2 in. = 1 A. (c) The elec- 
tronic MO model of ethylene shown in Figure 3. (d) The large molecular 
model of ethylene cut in half to show the correlation of the molecular model 
with the molecular orbital model at the left. The dumbbell x orbitals have ; 
been sketched in purple with electron density fading out to the van der Waals 
edge of the molecular model. The white dots indicate the nuclei, and scarlet 
shading has been ployed to indicate the sigma bonds between the carbon 
atoms and between the carbons and hydrogens. (Admittedly, the correla- 
tion would be aided by exact correspondence in scale; the sp*—sp* (C—C) 
bonds in the electronic model have been somewhat exaggerated by using 
balls of the same diameter as the minor diameter of the eggs.) This large 
ethylene molecular model can also be opened along one of the C—H bonds. 


DIVISION OF CHEMICAL EDUCATION, A.C.S. 
Nomination of Officers for 1957-58. 


For Chairman-elect: 
Edward C. Fuller, Beloit College 


Grant W. Smith, Pennsylvania State University 


For Treasurer: 


Donald S. Allen, New Paltz (N. Y.) State Teachers College 


Elbert C. Weaver, Phillips Exeter Academy 
For Councilor: 

Alfred B. Garrett, Ohio State University 

William E. Morrell, University of Illinois 


C. A. VanpERWERF, Chairman, Nominating Committee 


VOLUME 34, NO. 5, MAY, 1957 


GID 
2i9 


A perenntau problem to the crystallographer or crys- 
tal chemist is the adequate representation of various 
crystal structures, either pictorial or through the use of 
models. A number of different approaches have been 
described (1-13). The problem is particularly acute 
J; when demonstrating various relationships between 
structures. Even building a pair of “Tinker-Toy” 
models and placing them side by side frequently is 
inadequate with respect to full and easy visualization 
of structural relationships. 

It occurred to the authors that such visualizations 
might be considerably facilitated, at least for a simple 
system, by a model in which the atom positions were 

- represented by lights—the color at each position to be 
selected by aswitch. Such a model has been constructed 
and has proved to be a useful tool both for classroom 
instruction and for research studies (Fig. 1). 


Figure 1. General View of Lighted Model 


in It was decided that the cubic array to be described 
would prove most versatile for the common cubic struc- 
tures. Atom sites were located at the following posi- 
tions along the coordinate axes: 


cube corners 
face centers 


body center 


1st tetrahedron 


edge centers 


A NEW TYPE OF CRYSTAL MODEL 


J. H. WESTBROOK and R. C. DEVRIES 


General Electric Research Laboratory, Schenectady, 
New York 


Four distinctively colored bulbs were provided within 
a single translucent, spherical envelope (of the type 
described by Hatch et al. (4)) at each site within the 
lattice. Appropriate switching circuits permit inde- 
pendent selection of each of the four bulbs at each of 
the six different types of site—or, any type may be 
left vacant by leaving all switches controlling that site 
open. It is therefore possible to represent even true 
quaternary compounds, provided only that their struc- 
tures be compatible with the basic array of the model. 


DETAILS OF MODEL CONSTRUCTION 


Framework. The framework is made of five trans- 
parent plastic sheets (°/s- X 15- X 15-in.) which are 
supported by four cylindrical plastic rods (1- < 19-in.) 
fastened to a plywood baseboard. Three of the 
plastic sheets (top, middle, and bottom) have atom 
sites at the (000), (1/2, 1/2, 0) and (1/2, 0, 0) type posi- 
tions while the sheets interlayered with these have 
atom sites at (1/4, 1/4, 1/4) and (3/4, 3/4, 3/4) type 
positions. The plan of their construction and assembly 
is shown in Figure 2. In this model the corner atom 
sites form a 13- X 13- X 13-in. cube, inset one inch from 
the edge of the sheets. The atom positions are repre- 
sented by plastic miniature tube bases inserted into 
carefully sized holes drilled through the plastic sheet. 

The four supporting rods are each actually composed 
of five separate sections, four 27/;-in. long and one 
(between baseboard and lower sheet) 5°/,-in. long. All 
sections were tenoned to fit */s-in. holes in the sheets. 
The position of the support rods (Fig. 2) is such that 
interference with atom sites is minimized. Obviously 
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Figure 2. Physical Construction of the Model 
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Materials and Supplies for Construction of Crystal Model 


Material Size 


Plexiglas sheet 8/5 X 15 X 15 in. 5 Rohm and Haas $30.00 
Plexiglas rod 1 X 19 in. 4 Rohm and Haas 8.50 
Plexiglas rod 1/4 X 2 in. 35 Rohm and Haas 1.20 
Plastic hemispheres 2 in. 35 Plaxall, Inc. 4.00° 
5 Polystyrene coil forms 3/, (5 prongs) with bases 35 Arrow Electronics, Inc. 13.00 
sctady (Amplenol 24-5H) 65 Cortland Street, 
, New York, N. Y. 
Miniature lamps G.E. No. 47, 6-8v., 140 Radio Shack 10.00 
0.15 amp., bayonet base 
Filament transformer 115v. input, 6.3v. 10 amp. 1 Radio Shack 5.00 - 
Toggle switch SPST 24 Radio Shack 8.50 
sbithin *A minimum order, however, may be somewhat higher than this. 
type 
- inde. ig the size of the large cube is determined by the spacing 
zach of Mo! the separate layers, which in turn is conditioned by 
nay be fy te thickness of the plastic sheet and diameter of plastic 
at site  Pheres that are used. 
Aioms. These are represented by hollow plastic 
- struc. gy spheres in each of which four differently colored lamps 
site! were mounted. Clear miniature lamp bulbs were 
; sprayed with spar varnish colored with appropriate 
organic dyes. The hemispheres from which the spheres 
trans. ere made were sandblasted on both inner and outer 
ich are  Sutfaces to diffuse the light. With this technique, for 
19-in.) | vo of the colors used (red and yellow), the model is 
of the gm (lective even in a well lighted room; the appearance 
atom the green and blue bulbs can be enhanced consider- 
2 posi- ably, however, by reducing the amount of light directly struction of an “Atom” Show- Figure 3b. Insertion of an 
e have qq cident upon the model. mf Arrangement of Colored Msc: Pre its Sockets at « 
4) type The internal wiring of each “atom” was accomplished 
sembly 4° follows: Using a simple jig, four 6v. lamps were 2 
r atom fy ust given a common junction by soldering the tubular 3b. The pins have been shortened to facilitate inser- 
sh from fy Part of the bases together in a “‘petal-like”’ arrange- tion and removal (by prying up with a knife edge) of 
, repre. ment. As will be seen, it is important to assemble the “atom” units. A few duplicate units can readily 
1d into qq °2¢h unit in the same order. Separate wires were then be made as replacements. On the other hand, one or 
at soldered to the contact button at the base of each lamp more extra units may be assembled, intentionally wired 
nposed and one to the common junction. This whole assembly with a different pin arrangement for showing disordered Pa 
nd one ("8S then fastened to a cut down plastic coil form by positions. 
g. Al soldering the wires into the 
sheets, Ubular pins of the coil 
sh that mm. The index pin was used CORNER CENTER 
viously (8 the common lead and a 
pins with respect to color was ; Biss 
employed throughout. 
The assembly just described os 
was in turn cemented with 
acetone into a hole cut in the eee eee ee 
center of a plastic hemisphere. 
A plastic rod X 2-in. ce- 
mented at the center of and 
perpendicular to the coil form 
base provided a support for 
pushing the “atoms” into the 
socket without crushing the L--J L--4J 
fragile sphere. A photograph | 
of the unit at this stage of as- - 
PE sembly is shown in Figure 3a. 
The upper and lower hemi- ee* 
spheres were then cemented to- 
gether with acetone. Insertion 
of the unit into an “atom site” 


in the model is shown in Fig. Figure 4. Wiring Diagram for the Model 
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No. of Approximate cost 
PO pieces Supplier for model 


Circuitry and Control Panel. The schematic wiring 
diagram for the model is shown in Figure 4. Each 
type of site—cube corner, body center, edge center, face 
center, and the two tetrahedral arrangements—was 
wired to allow independent control of both color and 
position by a set of 24 SPST switches. Care was taken 
to keep the wiring as unobtrusive as possible by mini- 
mizing the amount of wire used, by proper positioning, 
and by using transparent plastic insulation. The 
arrangement of switches on the face of the control panel 
is shown in Figure 5. A standard 110v.—6v. filament 
transformer serves as a convenient power supply. 


Ist. 2nd BODY EDGE CUBE FACE 
TETRA. TETRA. CENTER CENTERS CORNERS CENTERS 


BLUE 


ATOMS 
CELL 


Figure 5. Schematic Diagram of Switch Positions on -Control 
Panel 


The scheme outlined above obviously has several 
variations: 

(1) A more compact arrangement of control panel 
and model can be effected by mounting six 5-position 
selector switches in a box-like base upon which the 
model is mounted. 

(2) The sheets could be mounted vertically rather 
than horizontally. 

(3) The “atoms” could be mounted on vertically 
placed hollow supports such as pipes (which could 
conceal the wiring). 

(4) The atom supports could be movable so as to 
allow intermediate atom positions to be shown. 

(5) Less complex models could be made with con- 
ventional screw-in sockets holding small bulbs (e.g., 
spherical 7-watt frosted bulbs). 


OPERATION OF THE MODEL 


A great variety of cubic structures can be represented 
with this model. Illustration of some of the possible 
structures will be given with reference to Figure 6. 
The significance of the 24 switches is shown in Figure 5. 
The shaded boxes of Figure 6 indicate the closed position 
of certain switches. Thus, Figure 6a shows schemati- 
cally that the red switches for the body center and cube 
corner positions are closed, and it will be observed that 
the lighted model will then represent the body centered 
cubic structure. This structure may be ordered to 
form the cesium chloride structure simply by opening 
the red switch for the body center site and closing the 
corresponding yellow switch as in Figure 6b. The 
arrangement of switches in Figure 6c yields the face 
centered cubic structure; this structure may be ordered 
in an analogous fashion to yield the Cu;Au structure of 
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Figure 6. Schematic Representation of Switching Configurations for 
Various Crystal Structures 


Figure 6d. A number of the other common structures 
possible with the model are indicated schematically in 
Figure 6, as well as some geometrically possible ones 
which do not appear to be in the literature. The possi- 
bilities have by no means been exhausted, even with 
respect to binary compounds. It might be noted 
parenthetically that the schematic notation of Figure ( 
may have some merit in its own right as a two dimen- 
sional shorthand for certain crystal structures. 

As an example of the utility of the lighted model in 
revealing structural relationships, consider the se- 
quence of structures produced by the switching arrange- 
ments Figure 6e, f,g and h. With the aid of the model 
it can be strikingly shown that the zine blende strue- 
ture is an ordered arrangement of the diamond strur- 
ture, that the fluorite structure is generated from that 
of the zine blende by filling in the other set of tetra- | 
hedral sites, and that an ordered ternary compound such 
as CuSbMg or LaOF evolves from the fluorite struc- 
ture. A further ordering on cation sites as in Figure 
6b1 may also be imagined but no such case has yet 
been reported. The reader may deduce many other 
similar sequences from a study of the model or from 
Figure 6. 

It will also be observed that in certain instances the 
same structure may be displayed in more than one way. 
Consider, for example, the simple body-centered-cubic 
structure where the number of unit cells shown might 
be increased from one (Fig. 6a) to eight, simply by 
closing all of one row of switches. In other cases, such 
as the perovskite structure a different representation 
may be achieved by a change in coordinates, ¢/,, 
Figures 6k and 61. 

An appreciation of the utility and versatility of the 
model can best be achieved by actually working with 
it. The present model indicates the feasibility of a 
genera] idea which could be extended to other |attice 
types. For example, a hexagonal model is currently 
under consideration in which sites could be provided 
at both tetrahedral and octahedral holes in a close 
packed hexagonal framework. An effective applica- 
tion of this type of model would be in color movies of 
the educational type in which structural relationships 
could be clearly demonstrated. 
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* A MAGNETIC MODEL FOR COMPLEX IONS 
AND MOLECULES 


WESLEY W. WENDLANDT 
Texas Technological College, Lubbock, Texas 


Tue use of three dimensional models in the teaching 
of advanced courses in inorganic chemistry is in- 
dispensable. Previous models have been proposed by 
Robey! and by Hazlehurst and Neville.2 However, 
the attachment and detachment of the coordinated 
groups, either simple molecules or multidentate 
chelating groups is quite cumbersome and awkward. 
To simplify the rearrangement of these groups, a new 
model is presented, having a coordination number of 
six, which has small Alnico magnets at the points of 
attachment. 

Two views of the model are shown. The model was 
constructed of '/,-in. thick Plexiglass plastic, cut and 
cemented together to form an octahedron having 
dimensions of about 6 in. on an edge. A small cork Figure 1. Model of [Co(NH:):]** Figure 2, Model of [Co(en):Cl:| ** 
ball, 1'/:-in. diameter, was cemented in the center 
piece of plastic of the octahedron to signify the central with the apex magnets. Similar models were made of a 


metal ion or atom. Six Alnico magnets, */,-in. in bidentate chelating molecule, ethylenediamine, and of 
diameter and 1'/, in. long, were cemented in holes a tridentate molecule, 8,8’-diaminodiethylamine. A 
drilled at the apices of the octahedron.’ The magnets flexible, heavy cord was uséd to connect the carbon 
were orientated so that the same pole faced outwards. and nitrogen atoms into a straight chain. Magnets 
The attached molecules were made from cork balls. were cemented in the nitrogen atoms to serve as points 
A convenient size for construction of the ammonia of attachment to the octahedron. 
molecules was 1-in. in diameter for the nitrogen atoms In Figure 1, six ammonia molecules are attached to 
and */;in. in diameter for the hydrogen atoms. A the octahedron to represent the complex ion, 


'/ein. hole was drilled in the nitrogen atoms and a [Co(NHs3)s]**. Figure 2 shows two ethylenediamine 


‘ie X */¢in. magnet was cemented in. The magnets molecules, attached at the 1,2 and the 3,6 positions and 


were orientated so that the outward ends were of two chlorine ions attached at the 4 and 5 positions to 
opposite polarity to those on the octahedron. The represent the ion, [Co(en),sCl.]+!. Many other ex- 
completed ammonia molecules could then be attached amples can be assembled to show the various con- 
to the octahedron merely by being placed in contact figurations useful when discussing the chemistry of 


coordination compounds. 


‘Rosey, R. F., J. Cuem. Epuc., 12, 378 (1935). 


T. H., anv H. A. J. Cuem. Epuc., 12, ACKNOWLEDGMENT 
(1935). 

* One commercial source of these magnets is Empire Magnetics, It is a pleasure to acknowledge the assistance of 
Inc., 107 East Clinton Street, Maumee, Ohio. Miss Mava Adams in construction of the model. 
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IMPERFECTIONS IN CRYSTALS’ 


Tue aim of this paper is to present an elementary 
review of the subject of defects in crystalline solids. 
Emphasis is placed on those basic concepts or principles 
which are used to explain a variety of experimental 
observations in the physics and chemistry of the solid 
state. The discussion is intended to be suggestive 
rather than exhaustive, and explanatory rather than 
rigorous. It will have served the purpose if it stimu- 
lates the reader to become better acquainted with the 
field through further reading. For an over-all survey 
of the subject, references (1-6) are recommended. 
Where possible, chemical application of the principles 
described in this review are briefly presented. 

The concepts presented below are of importance in 
discussing some general properties of solids, such as 
transport phenomena and optical characteristics. 
Other properties, such as specific heat, are not signifi- 
cantly affected by crystal imperfections. Perhaps the 
most important application of the ideas to be discussed 
below occurs in the field of semiconductors which 
would hardly have advanced to its present state with- 
out these concepts. 


FRENKEL AND SCHOTTKY DEFECTS IN MONATOMIC 
CRYSTALS 


Above 0°K. a certain degree of disorder is always 
present in otherwise perfect crystals. This disorder 
occurs because atoms are displaced from their regular 
lattice positions to some other location in the crystal. 
Two types of lattice irregularities are encountered: 
In solids exhibiting Frenkel-type defects (7) the dis- 
placed atoms enter the crystal interstitially; vacancies 
are simultaneously created at the locations from which 
the displacements originate. The interstitial locations 
are shown in Figures 1 and 2. It is evident that 
Frenkel defects will occur only in cases where the crystal 
structure is fairly open and where the atom to be 
accommodated interstitially is reasonably small. Con- 
versely, in a structure such as shown in Figure 3 (2) 
it would require a heavy expenditure of energy to squeeze 
particles into the interstices. Crystals in this latter 
category exhibit Schoitky-type defects (8), in which 
vacancies are generated but the displaced atoms settle 


1 Presented as part of the Symposium on Recent Developments 
in the Solid State before the Division of Chemical Education at 
the 129th Meeting of the American Chemical Society, Dallas, 
April, 1956. 

* The first of two papers on this topic to be published in 
consecutive issues of the JOURNAL OF CHEMICAL EDUCATION. 
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I. Lattice Vacancies and Atoms in 
Interstitial Positions’ 


J. M. HONIG 
Purdue University, Lafayette, Indiana 


on the surface of the crystal. Figures 3—6* show a two- 
dimensional array of atoms, (a) free of vacancies, (b) 
containing 6% vacancies as Schottky defects, (c) con- 
taining Schottky defects, attended by a 50% volume re- 
laxation, and (d) showing an internal rearrangement 


Figure 1. An Ion in the Interstitial Position of a Face-centered 
Cubic Lattice (after Jost (9)) 


into crystallites as a result of the initial presence of 
Schottky defects. 

Figure 7 illustrates one mechanism of formation of 
Schottky defects; others will be discussed in the 
second paper. This figure also shows that lattice atoms 
may move to fill an adjacent vacancy; in this process, 
a new empty site is generated at the location from which 
the atom moved. This process can also be described 
somewhat loosely as motion of the vacancy from one 
lattice point to the next; the direction of motion is 
opposite to that of the moving atom. A certain activa- 
tion energy is required for these displacements because 
the atom must overcome 
the attractive force hold- 
ing it to nearest neigh- 
bors before it can move 
into the adjoining va- 

a cancy. Similarly, atoms 

ee e located interstitially can 

b move to adjacent inter- 
Figure 2. A Two-dimensional they possessthenecessary 
Representation of activation energy. 


- 
e e 


3 The author wishes to express his appreciation to Professor N. 
Nachtrieb of the Institute for the Study of Metals, Univ. rsity 
of Chicago, for permission to reproduce these pictures. 
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casionally, a vacancy will wander into the vicinity of an 
interstitial or a surface atom, in which case the reverse 
of the defect formation process will occur. Defects 
are then said to be annihilated. ° 

The disordering of crystals requires the expenditure 
of energy (see for example references (8-13)); one 
might well ask why defects should exist at all in solids 
which would otherwise be perfect. An answer can 
be provided from two different points of view. 

Neglecting higher vibrational energy levels, one may 
think of every lattice atom as being in its ground state, 
and of every defect as representing an excited state. 
According to the Boltzmann principle, there is a finite 
probability that at any temperature above 0°K., a 
particle will be found in an excited state, even though 
it has access to a lower energy level. This law finds its 
quantitative expression in the familiar relation n/No 

e~/*T. where n and No are the number of particles 

in the excited and ground levels respectively, and « 
is the energy difference between the two states; k 
is the Boltzmann constant and 7’ the absolute tempera- 
ture. 

In applying this reasoning to Schottky crystals, let 
n be the number of defects existing in the crystal of 
N atoms and let «, be the energy required to create the 
defect. Then, No = N—n and one therefore finds for 
the number of defects existing at the temperature, T 


= e—€s/kT (1) 


n> N,~€e/k? (2) 


the latter approximation being valid for n< N. 

In Frenkel crystals similar considerations apply. It 
should be noted that e, now refers to the simultaneous 
creation of the interstitial and vacancy defect pair; 
the exponential factor e~*//*” is therefore a measure 
of the probability both that a vacancy is formed and 
that an atom is located interstitially. The over-all 
probability is the product of the two separate probabili- 
ties. Applying the above reasoning to the present 
case, let N be the number of available interstitial 
positions if the crystal were perfect and n be both the 
number of interstitial atoms and the number of vacan- 
cies encountered. 

Then, 


Concerning the second factor on the left it should be 
noted that the ground state of the crystal is that in 
which all interstitial positions are unoccupied. 

Ifn <N, N, the above equation reduces to 


n =~ VN. Ne-€//2kT (4) 


A complementary point of view can be established on 
the basis of thermodynamic considerations. One of 
the fundamental principles in thermodynamics states 
that the free energy function. 


F=E+pV -TS (5) 
for any system at equilibrium will bea minimum. Now 
it is true that the perfect crystal represents a state in 


which the internal energy E has the lowest possible 
value. On the other hand, if defects are generated in 
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Figure 3 Figure 4 
Figure 8: A two-dimensional array of atoms free of vacancies (after 
Nachtrieb, footnote 3). Figure 4: A two-dimensional array of atoms con~ 
6% ies as Schottky defects (after Nachtrieb, footnote 3). 
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Figure 6 
Figure 5: A two-dimensional array of atoms containing 6% vacancies at- 
tended by a 50% volume relaxation (after Nachtrieb, footnote 3). Figure 6: 
- two-dimensional array of atoms showing internal rear rangement into 
rystallites resulting from the initial creation of Behottky defe defects (after 
Nachtrieb, footnote 3). 


the process of increasing the energy of the system, then 
one has a choice of distributing n vacancies among NV 
possible sites (and n atoms among N interstitial loca- 
tions where Frenkel defects are encountered). This 
increases the randomness of the system in the sense that 
a total of N!/n! (N—n)! or of N! N!/n!n!(N—n)!- 
(N—n)! different configurations of the crystal can be 
written down, all of which correspond to the presence 
of the n defects (or defect pairs) in the crystal. Nowa 
growth in the randomness corresponds to an augmenta- 
tion of the entropy, S; because of the negative sign in 
equation (5), this leads to a lowering of the free energy. 
Up to a certain point, therefore; the increase in E brought 
about by the generation of defects is more than offset 
by the increase in S, and F is thereby reduced. The 
creation of defects proceeds until the further gain in 
entropy no longer matches the energy expenditure; 
at this point F is a minimum. 

Using the above concepts as a basis for a mathe- 
matical treatment, relations (1)—(4) can then be derived 


ee + 
ee 
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in a rigorous manner (2a).' In order to arrive at these 
simple expressions it is, however, necessary to assume 
(a) that the disorder is small, so that no interaction 
among the defects is encountered, and (b) that the prop- 
erties of the regions close to the defects do not differ 
appreciably from those of a perfect lattice. 

More refined calculations (2b) indicate that the expo- 
nential temperature dependence of n on 1/T' is still 
approximately correct, but that the defect concentra- 
tions may be considerably higher than given by equa- 
tions (1)—(4). 


SCHOTTKY AND FRENKEL DEFECTS IN IONIC 
CRYSTALS OF STOICHIOMETRIC COMPOSITION 


Experimental observations on the properties of defects 
have been carried out largely using metal halides. In 
considering these systems it becomes necessary to dis- 
tinguish between cation and anion defects; further- 
more, the presence of charges on the ionic constituents 
must be taken into account. 

Whether a given ionic crystal will exhibit Frenkel 
or Schottky type disorder will depend on the energetic 
requirements for the creation of the two types of de- 
fects. A systematic study of these energy require- 
ments was undertaken by Jost, Schottky, Mott, and 
by others (9-14). Three types of interactions have 
been considered: (a) the coulomb attraction between 
a given ion and the remainder of the crystal; this 
energy must be overcome to create a vacancy. (b) 
the polarization energy which arises because any defect 
—whether in the form of an interstitial ion or as a va- 
cancy—will distort the charge distribution on neighbor- 
ing lattice ions. This polarization gives rise to attrac- 
tive forces, which largely compensate the energy 
expenditures in (a). (c) The repulsion energy which is 
involved in pushing lattice ions out of the way in order 
to accommodate a defect ion interstitially. 

For the alkali halides it has been shown (9-14) that 
the Coulomb and polarization energies for the produc- 
tion either of Frenkel or of Schottky defects are 
roughly the same. However, to produce Frenkel de- 
fects it is also necessary to overcome the repulsion 
energy which is quite considerable for densely packed 
lattices such as NaCl. Accordingly, in such lattices, 
the presence of Schottky defects should be energetically 
favored. It has been experimentally confirmed that 
alkali halides are subject to Schottky-type disorder. 

In silver halides it is found that van der Waals forces 
contribute appreciably to the binding energy of the 
crystal. Calculations which take account of this fac- 
tor (11) indicate that the formation of Frenkel defects 
then requires the lesser amount of energy. : Only the 
Ag+ ions will contribute to the disorder, however; the 
anions have large radii, and so their placement in inter- 
stitial positions would entail overcoming very large 
repulsion energies. Several investigators have claimed 
that the disorder in silver halides is also due to Schottky 
defects. However, Seitz (15) and Hauffe (16) conclude 
upon a critical examination of all data that below 700° K. 
the silver halides are Frenkel-type crystals. 

Several other points should be noted. First, because 
each ion carries a charge, the law of electroneutrality 
must hold; this implies that cation and anion vacancies 
must be formed in equivalent amounts in Schottky 
crystals. Second, it is found from the above calcula- 
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tions that lattice ions in the immediate vicinity of a 
vacancy will move away from the empty site. This is 
because the ions no longer experience a Coulomb force 
in the direction of such a site after the defect has been 
created. Third, at sufficiently high temperatures, ions 
can move from one interstitial position to an adjacent 
one, or from a lattice position into an adjoining vacancy. 
In the presence of an externally applied field these ions 
will drift either with or against the field; thus, current 
can be conducted across the crystal. This phenomenon 
was investigated extensively by Tubandt and his school 
(17). 


DISORDER IN IONIC CRYSTALS WITH ADDED 
IMPURITIES 


Hitherto we have been concerned with pure crystals 
which would exhibit perfect order at O°K. We tum 
now to a study of defects in solids which are con- 
taminated by impurities. Since a very systematic 
investigation of these matters has been given by 
Hauffe (4a) we shall take up only one example which, 
however, illustrates all the general principles that are 
involved. 

Consider, then, a AgBr crystal to which a small 
amount of CdBr, has been added. The Cd+* ions are 
found to enter the lattice substitutionally; that is, they 
displace an equal number of Ag* ions from their regular 
lattice positions. Now it will be noticed that for every 
Cd++ ion which has been incorporated, two Br- ions 
are also dragged into the crystal. Because of unfavor- 
able energetic requirements, these anions cannot be 
placed in interstitial positions; if, onthe other hand, they 
enter the anion sublattice substitutionally then they 
merely displace two other Br~ ions which require place- 
ment. The extra Br~ ions are actually accommodated 
by pairing up with Ag+ ions; each Ag*Br- ion pair 
then settles at the surface at normal lattice positions 
and becomes part of the host crystal. Half of the silver 
ions required for this purpose are available from the 
set that was displaced by the Cd++ ions; the remainder 
are taken from interstitial positions. (Recall that pure 
silver halides exhibit Frenkel defects (see above)). 
The net result of introducing CdBr, is thus the follow- 
ing: (a) the Cd++ ions enter substitutionally; (0) 
additional AgBr units are accommodated at the surface 
of the host crystal; (c) the concentration of interstitial 
Ag?t ions is diminished. As a result of this last step, 
(d) additional Frenkel defects are created until the 
disorder corresponding to the temperature T is restored. 
It is clear, however, that the number of interstitial 
Ag?t ions can no longer be equal to the number of Ag* 
vacancies in the lattice. Steps (a)—(c) can be sym- 
bolized by the equations 


(a) CdBr. Cd*@(Ag) + Ag* + 2Br- 
(c) Agt O Agt (6) 
(b) 2 Agt + 2Br~- — 2AgBr 
which can be added up to yield the single equation 
CdBr. + Ag*O — Cd@*(Ag) + 2AgBr (7) 
_ In the above equations and in those that follow, the 
symbol @ () indicates a replacement of the species 
indicated in the brackets, the symbol O denotes al 


interstitial species and the symbol 0, a vacancy. The 
presence of substitutional Cd++ ions in AgBr has been 
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indicated asCd*e@(Ag) rather than Cd++@(Ag) to denote 
the fact that the feplacement of Ag+ by Cdt+ intro- 
duces one excess positive charge at the lattice site 
under consideration. In writing the above we follow 
the normal chemical conventions; all species entering 
the “reaction” are written on the left; all “products” 
which result from completion of the process appear on 
the right. 

The generation of Frenkel defects which compensate 
for the process (c) can be symbolized by 


(d) + Ag*o (8) 


The left-hand side is left blank with the tacit under- 
standing that the role played by the host crystal need 
not be indicated in the above processes. The presence 
of the silver ion vacancy is shown as Ag 1) ~ to empha- 
size that the absence of a + charge at a given location 
in the lattice is equivalent to the introduction of a — 
charge at that point. 


In order to determine the interrelation between the various 
defect concentrations, we treat every type of defect—including 
vacancies—as a bona fide chemical species to which the ordinary 
methods of thermodynamics and the law of mass action can be 
applied. This procedure, which is sometimes termed the quasi- 
chemical approximation, was extensively used by Wagner and 
Schottky (18-20). Quite generally, the quantitative relations 
obtained with this method can also be derived by using the 
rigorous procedures of statistical mechanics. The results can 
therefore be used with confidence. 

If the law of mass action is applied to equation (d) one obtains 
the relation 


Xag*O Xago-=K (9) 


X being the mole fraction of the indicated species, and K the 
equilibrium constant for the “reaction’’ (d). The value of K 
can be determined by noting that in a pure Frenkel crystal both 
defects occur to the same extent; thus, 


X°ag*O = X°ago- = (10) 


where the superscript zero refers to the pure AgBr crystal. In 
addition, the law of electroneutrality must be satisfied; i.e., 


XAzgo- = XAg*O + XCa@*(Ag) (11) 


Now, solve (11) for Xag+o and substitute the result on the left- 
hand side of (9); also replace K on the right by (X° ag 5 -)*. 
This leads to 


(Xag — (Xca@*(Ag)) (XAg O-) = (X°Agg-)? (12) 


But from the relation (7) it is evident that Xca@+(Ag) = 
XcaBr; when this substitution is made in the above equation and 
the latter is solved for the unknown, one finds 


Xag O- = 1/2 {XcaBr: + X° Ag O- (XCaBr + 4)'/2} (13) 


Division by X° ag ¢ - then yields the following relation for the 
tatio of Ag* ion vacancies in the impure and pure AgBr crystal: 


XCadBr: XCdBr: \? 


_In exactly the same manner one can obtain a ratio fop intersti- 
tial Ag+ ions; one-need merely eliminate Xag Q- from (9) and 
(10). This leads to the expression. 


_ XcaBn ( XcaBrn \? 
2X°Ag*O + 2X°AgtO (15) 


An experimental check on the correctness of these calculations 
can be obtained from conductivity measurements carried out on 
pure crystals and on crystals containing known quantities of 
CdBr,. In the present case the mobility of interstitial Ag 
lons or of Ag ion vacancies is responsible for the conduction of 
current. Thus, by analogy with the case of aqueous electrolytes, 
the conductivity « of the crystal is proportional to the quantity 
wag*O + XAg O- O-, being the mobility of the indi- 


Xag 
X°ag o- 


XAagtO _ 
X°AgtO 
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cated species. On taking the ratio «/x°, the proportionality 
factors cancel and we find 


XAg O- wAg O- +XAg*O wAg*O (16) 
X° Ag O- wAg O- +X°Ag*O wAg*O 
Xago- XAag+O 
x 


X° Ag O- wAg O- +X°Ag*O wAg*O 


It is now a matter of straightforward algebra to verify that 
upon introduction of (14) and (15) into the numerator of (16), 
the latter equation reduces to 


XcdBr:\*? uAgO-/uAg*O —1 XcaBr 
== 1 _ 
«° + \oxe ) + O-/uAg*O +1 (17) 


where X° = X°ago- = X°ag+O. A comparison with experi- 
ment was provided by Teltow (21); the agreement between theory 
and experiment is quite satisfactory for sufficiently low mole 
fractions of CdBre. 

The above represents but one example illustrating the depend- 
ence of the disorder in an ionic crystal on the impurity content. 
Many other such cases could be cited, but the theoretical analysis 
in every instance is quite similar to that above. Readers inter- 
ested in these matters are referred to the book by Hauffe (4a). 


DISORDER IN NONSTOICHIOMETRIC CRYSTALS 


Many binary crystalline solids have a composition 
which differs to a greater or lesser extent from the 
proper stoichiometric ratio. A typical example of 
such a crystal is ZnO, in which the Zn/O ratio can be 
altered over a considerable range by heating the crys- 
tal, thus allowing oxygen to escape into the gas phase. 
During this process two changes occur in the crystal 
structure. 

First, if the cation sublattice is left intact, anion 
vacancies will be formed—one for every oxygen which 
has escaped; in that event the crystal is said to be 
defective in oxygen. Alternatively, the cation sub- 
lattice may become disordered instead, forcing an 
equivalent number of Zn*++ ions into interstitial posi- 
tions; the crystal is then said to have an excess of 
metal. At the present time it is not possible to decide 
unequivocally between these two alternatives in ZnO. 
Exchange experiments with radioactive Zn® (22-24) 
strongly suggest, however, that zine enters the lattice 
interstitially. 

Second, it should be noted that the oxygen, initially 
present in ionic form, escapes not as an ion but as an 
atom (two of these then combine to form O, at some 
stage as they enter the gas phase). Hence for every 
escaped O atom two electrons are left behind in the 
crystal. It is evident that these extra electrons cannot 
be accommodated in the valence structure of the crys- 
tal. Two choices therefore present themselves: Each 
electron pair resulting from the escape of an O atom can 
associate itself with an interstitial Zn++ ion, converting 
the latter into a Zn atom. Alternately, one or both 
of these electrons can lead an existence divorced from 
the interstitial zinc. The quantum theory of solids 
indicates (25-27) that electrons in this latter category 
are quite mobile in the crystal, somewhat as though 
they formed a gas moving in an enclosure. Hence, if 
the zinc is present interstitially as Zn++ or Zn* ions, 
it follows that nonstoichiometric ZnO should be a con- 
ductor of electricity; that is found to be the case (28, 
29). In fact, there are many metal oxides and sulfides 
which are insulators in the pure state but become elec- 
tron conductors when the crystal is disordered upon 
altering its stoichiometry. Since the properties of these 
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oxides are intermediate between those of nonconductors 
and metals, they constitute a subdivision of the class of 
semiconductors. 
The process of forming nonstoichiometric ZnO can 
be written as follows 
ZnO — ZntO + © + 1/2 Ox(g) (18) 
or as 


ZnO — Zn*+*O + 26 + 1/2 Ox(g) (19) 


If we apply the quasi-chemical approximation to 
(18) we find from the law of mass action 


Po,'/: = Ke (20) 


where© denotes a free electron, and where we have 
included Xzno in the equilibrium constant, since it is 
an essentially constant quantity. The electronic 
conductivity would normally depend on both the 
Zn+oO and the © concentrations. However, the 
mobility of the free electrons is orders of magnitude 
higher than that of the interstitial Zn+ species; in 
practice therefore, x depends only on Xo; moreover, 
according to (18), Xzn+o = Xe. Hence from (20), 
Xo = Po,~ 


x = const. Po,—'/« (21) 


Using a very similar procedure in equation (19) one 
finds that the conductivity of the nonstoichiometric 
oxide should be given by the relation 


« = const. Po,—"/s (22) 


if the interstitial species were the Zn*+* ion. Experi- 
mentally, x is found to vary as Po,~'/ to Po,~'”* in the 
temperature range from 500° to 700°C. (28, 29), 
indicating that a portion of the interstitial zinc exists 
as Zn* ions. 

A second important class of nonstoichiometric oxides 
is represented by NiO. When this crystal is exposed 
to oxygen gas at elevated temperatures, oxygen enters 
the lattice, thus altering the Ni/O ratio of the solid. 
Here again the disorder in the crystal is increased be- 
cause of two changes which accompany the above proc- 
ess: First, the extra particles entering from the gas 
phase must be accommodated in the lattice. This 
could be done either by location of O—~ ions interstitially, 
or by the creation of Ni++ ion vacancies, followed by 
the pairing of Nit+O-~ as units on the surface of the 
crystal. From energetic considerations the first alter- 
native appears unlikely. Thus, the uptake of oxygen 
is accompanied by the creation of cation vacancies in 
the lattice. Secondly, it must be noted that the oxygen 
enters the crystal not as molecules but as ions; this 
requires a dissociation of O2 (probably on the surface of 
the crystal), and the acquisition of two electrons by 
each O atom. The only electrons available for this 
purpose are those normally used for the binding in the 
crystal. For every electron abstracted by an O atom 
a void—which is termed a hole or a defect electron—is 
created in the electronic structure which is responsible 
for the cohesion of the crystal. 

The terms “hole” and ‘“‘vacancy”’ must be carefuily 
distinguished; the latter refers to a void in a lattice 
structure, due to removal of an ion or atom from a 
normal position. In other respects holes and vacancies 
exhibit similar properties. It has been mentioned that 
removal of an ion from a given lattice site is equivalent 
to placement of a charge of opposite sign at that posi- 


tion. In like manner, the removal of an electron is 
equivalent to the association of a positive charge with 
a hole. Just as lattice atoms can move into adjacent 
vacancies, so electrons adjacent to a hole can fill that 
void, making it appear as though the hole had moved 
in the opposite direction. Under an applied external 
field the holes move in the same direction as a positive 
charge. Vacancies in a lattice, or holes in the collec- 
tion of electrons responsible for crystal binding, thus 
exhibit properties similar to that of a bubble in water, 
which “rises” against the force of gravity. 

The incorporation of O, into nonstoichiometric 
NiO may be represented by the “reaction” ” 


1/2 (g) NiO + Nip-- +20 (23) 


where @ represents a hole. If the law of mass action 
is applied to the above scheme one finds 


= K, (24) 
where once more the nearly constant quantity Xyio has 
been absorbed into the equilibrium constant. It is 
to be noted that pure NiO is an insulator, but non- 
stoichiometric NiO becomes a semiconductor. Both 
hole and vacancy drifts contribute to current transport, 
but since the hole mobility in an applied field is far 
greater than the vacancy mobility one may safely 
assume that « is proportional to Xg. Now from (24) it 
is evident that Xg = 2Xynig--; hence one obtains 


«x = const. Po,'/« (25) 


Experimentally it was found (30) that the conduc- 
tivity varied as Po,'”. 

A comparison of equation (24) with (21) and (22) 
shows that if a metal oxide becomes nonstoichiometric 
by loss of oxygen (excess metal, electronic conduction), 
then x diminishes with increasing oxygen pressure. By 
contrast, if the nonstoichiometry arises from an incor- 
poration of excess oxygen into the lattice (deficiency 
of metal, hole conduction, x increases with increasing 
oxygen pressure. Thus, it is possible to distinguish 
between these two classes of semiconductors on the 
basis of the dependence of x on Po,. 
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Tue properties of matter must originate with the 
properties of its atoms. The properties of atoms must 
in turn originate with their composition and struc- 
ture. One certainly ought, from a knowledge of the 
atomic structure of an element, to be able to state 
whether it is metallic or nonmetallic. Yet apparently 
there is no recognized fundamental basis for making 
this important although admittedly somewhat arbi- 
trary distinction. 

It is not ionization potentials. Although metals 
as a class have lower values than nonmetals as a class, 
the ionization potentials are alike for mercury and 
iodine, and the metals zinc, cadmium, palladium 
antimony, osmium, iridium, platinum, and gold as 
well as mercury have higher values than boron or 
silicon. It is not electronegativity. In general, metals 
are less electronegative than nonmetals, but the 
electronegativities of boron and silicon are exceeded 
by those of tin, germanium, antimony, gold, mercury, 
thallium, lead, and bismuth, and for hydrogen and 
germanium they are essentially equal. It is not 
atomic radius, for although nonmetal atoms tend to 
be smaller, atoms of iodine and tellurium are larger 
than those of vanadium, chromium, manganese, iron, 
and cobalt. It is not the number of outer shell elec- 
trons. Usually metal atoms have fewer than non- 
metal atoms, but although boron, carbon, and silicon 
have fewer than five, the metals antimony, bismuth, 
and polonium have five or six. Nor is it the type of 
orbital available for bonding. Although many ele- 
ments having low-energy d-orbital vacancies are metals, 
many other elements having only s- and p-orbital 
vacancies are also metals. 

Evidently some combination of such fundamental 
properties as these must determine whether an element 
is metallic, metalloid, or nonmetallic. The average 
experienced chemist has an intuitive understanding of 
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AN ELECTRONIC DISTINCTION BETWEEN METALS AND NONMETALS 
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these qualities that removes any conscious need of 
some arbitrary means of distinction. Not so the 
student, for whom the following simple empirical rule 
is stated: 

With the single exception of hydrogen, all elements 
are metals if the number of electrons in the outermost 
shell of their atoms is equal to or less than the period 
number of the element (which is the same as the principal 
quantum number of that shell). Hydrogen and all other 
elements are nonmetals, but if the number of electrons in 
the outermost shell is one (or two) greater than their 
principal quantum number, they may show some metallic 
characteristics. 

As shown by the principal electron distributions: 


Principal 

quantum no.: 1 2 3 4 § 6 
Period 2: 

Period 3: Al. 


this rule establishes the familiar metal-nonmetal 
diagonal of the periodic table just beyond beryllium, 
aluminum, germanium, antimony, and polonium. 
It recognizes certain metallic properties in boron 
(and carbon), in silicon (and phosphorus), in arsenic 
(and selenium), in tellurium (and iodine), and in 
astatine. Unfortunately, the rule does not explain 
why this electronic distinction exists. A simple, 
fundamental explanation would be a worthwhile 
contribution to chemistry. 
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Tus major interest of chemistry in the surfaces of 
solids is in their use as sites for chemical reactions— 
the so-called heterogeneous reactions. These may be 
reactions of normally gaseous components at the sur- 
face or they may involve the solid itself as one reacting 
component. A full understanding of the processes 
requires a detailed knowledge of the properties of the 
surfaces but so far this has not been achieved. To 
some extent properties of the surface may be inferred 
from those of the bulk, but surfaces have additional 
features (e.g., asymmetric potential fields) which have 
proved difficult to treat. 

Possibly the most significant recent development in 
the study of surfaces is the realization of the importance 
of imperfections. A discussion of some of these will 
comprise a large part of this paper. No attempt will 
be made to describe particular surfaces in detail, but 
rather emphasis will be placed upon what general 
deductions can be made with present information. 


THE STRUCTURE OF SURFACES 

An understanding of surface structure requires a 
consideration of both the gross topographical features 
and the details of the atomic and molecular arrange- 
ments at the surface. An ideal solid surface is easy 
to visualize as a perfect low-index crystallographic 
plane such as would be formed by cleavage, with edges 
and corners as the only nonuniformities. All experi- 
menta! evidence indicates that the occurrence of such 
ideal structures is extremely rare even under the 
most favorable experimental conditions. 

A large proportion of the solid surfaces of special 
interest to chemistry are surfaces of very small parti- 
cles or of porous solids. Unfortunately, direct observa- 
tion of their structure is virtually impossible. At 
best their nature can only be deduced indirectly. For 
example, the variation of the differential heat of 
physical adsorption of simple adsorbed molecules 
with amount adsorbed can, under certain circum- 
stances, be taken as reflecting the energy profile of 
the surface (1). However, relation of the magnitude 
of the adsorption energy to structural detail has so 
far been ruled out by uncertainties as to the nature of 
the forces acting between the surface and the ad- 
sorbed atoms or molecules. In general, the profiles 
which have been obtained show a broad spectrum of 
energies (for example, (2)) indicating a wide variety 
in the atomic or molecular arrangements in the sur- 
face. 


1 Presented as part of the Symposium on Recent Develop- 
ments in the Solid State before the Division of Chemical Educa- 
tion at the 129th Meeting of the American Chemical Society, 
Dallas, April, 1956. 

2 N.R.C. No. 4276. 
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With more extensive single surfaces, such as cleavage 
planes, direct observation has had more success, and 
several elegant observational techniques have been 
developed. Much of the work on single surfaces has 
been in connection with studies of crystal growth, 
which, as will be seen, have yielded valuable informa- 
tion about surface structure. It is appropriate to 
summarize briefly here some of the experimental 
findings. 

Direct Observation of Surfaces. Because of its low 
resolving power, the ordinary light microscope is 
limited to the observation of gross structure on sur- 
faces, such as overgrowths of one crystal upon another. 
It may be modified, however, to make use of the prin- 
ciple of phase contrast (3) and is then capable of show- 
ing much surface detail. A number of striking photo- 
graphs, taken by means of this technique, have been 
published (4, 5). Figure 5 is an example. 

The electron microscope affords higher resolution and 
in addition the means of studying surfaces by elec- 
tron diffraction. A concise review of recent diffraction 
studies has been given by Thomson (6). Precise 
interpretation of the diffraction patterns is difficult 
but not vital. Rough and smooth surfaces show 
markedly different patterns and distortion can be 
readily recognized. Only cleavage planes of crystals 
provide the occasional example of a smooth surface. 
In most instances even these show steps and _ pro- 
trusions. It is interesting that electron diffraction 
can sometimes reveal that a surface has a chemical 
composition different from that of the bulk substrate. 

The smoothness of a surface can also be investi- 
gated by comparing it with an optical flat using Fizeau 
interference fringes either in transmission or in reflec- 
tion. Through use of multiple beams a resolution of 
about 30 A. can be had for the examination of surface 
contours (7). This added dimension to the study oi 
surfaces has been of great value. The heights of steps 
and promontories on surfaces have been measured 
(5), and it has been shown that step heights are charac- 
teristic of crystals, being the size of the unit cell ora 
multiple thereof. 

Another recently developed instrument for surface 
studies is the field emission microscope (8). Here 
cold emission of electrons from a rounded metal point 
(commonly of tungsten) is used to display the topog- 
raphy of the point on a fluorescent screen. The 
surface of the point can be cleaned rigorously by 
flashing under high vacuum so that one is certain of 
observing the metal surface and not a contaminating 
layer. The usual field emission point exposes a null- 
ber of different crystal facets and these can be icdentt- 
fied unambiguously. One sees directly, then, surface 
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nonuniformity of one kind at least. The different 
reactivity of the different facets has been demon- 
strated in a number of ingenious experiments (9, 10). 
Very recently (10a) a modification of the microscope 
has achieved a resolution of about 4 This raises 
the exciting possibility of studying directly the details 
of the lattice structure of a surface. 

From the various results of direct observation we 
must conclude that nonuniformity of solid surfaces is 
therule. If this proved to be due to various haphazard 
circumstances, no general understanding of surfaces 
could be expected. Fortunately there is now ample 
evidence that this is not so. Known imperfections in 
real solids can account for many of the experimental 
observations. We shall now consider the effects of 
two types of imperfections, those arising from thermal 
disorder and those due to gross displacements in the 
bulk solid lattice. 


Figure 1. The Surface of a Crystal at 0°K. (after Burton (12)) 


Thermal Disorder. In a solid in equilibrium at 0°K. 
no thermal disorder exists, so that ideally the surface 
has the structure depicted in Figure 1. Unless the 
number of atoms or molecules is just right the surface 
layer is incomplete leaving a step, and the step in 
turn is incomplete leaving a kink. 

At higher temperatures the flat surface and the step 
are roughened by thermal vibrations as indicated in 
Figure 2. At the same time vacant lattice sites are 
created in the interior as discussed by Honig (1/1). 
An equilibrium exists between the vapor and the sur- 
face so that kinks, adsorbed atoms, and vacancies are 
continually shifting their positions. It is obvious 
that the various types of positions will have different 
binding energies associated with them. Depending 


Figure 2. The Surface of a Crystal at Finite Temperatures (after 
Burton (12)) 
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upon the nature of the forces, the difference in binding 
energy for an adsorbed atom and one built into the 
surface may be as large as 100 kcal./mole. Knowing 
the approximate binding energies for the different 
surface species, one can readily estimate their con- 
centrations from the Boltzman equation. These turn 
out to be small. For example, a concentration of one 
adsorbed molecule for about 10‘ surface sites may be 
expected at ordinary temperatures (1/2). Such con- 
centrations seem too small to account for observed 
molecular scale surface heterogeneity. 

Crystal Growth. Growth of a crystal may be visual- 
ized with reference to Figure 2. As the vapor pressure 
is increased, atoms or molecules are adsorbed, diffuse 
over the surface and are incorporated into the step at 
a kink. With growth the step moves over the surface 
until the layer is complete. A new step must now be 
created, and it might be supposed that this could be 
done by thermal vibrations. Actually, it has been 
shown (13) that this is unlikely except at temperatures 
near the melting point. Alternatively the nucleus of 
a new layer might be formed by aggregation of ad- 
sorbed molecules, but this process only occurs at a suffi- 
cient rate at bigh vapor supersaturations, say of the 
order of 25% or 50% (13). Experimentally it is ob- 
served that crystals grow at easily measurable rates 
at supersaturations as low as 1% or less, so another 
mechanism must exist. In 1949, Frank (14) showed 
how a screw dislocation in the bulk crystal could give 
rise to a nondisappearing step at the surface. 

The emergence of the dislocation at the surface is 
depicted in Figure 3. It is seen that a ramp-like struc- 
ture results.* As molecules are added from the vapor 
the step moves around and does not disappear. For a 
straight step each point advances with the same speed, 
but the section near the origin of the dislocation has 
a higher angular velocity. The net effect is the 
formation of a spiral or a pyramidal growth on the 
surface. 

Many such growths have been photographed and 
their dimensions measured in detail. Numerous ex- 
amples have been published (4, 5); two are shown in 
Figures 4and 5. The spirals are most readily observed 
on layer type crystals, but sufficient have been found 
on other types of crystals, e.g., cubic crystals such as 


3 The origin of screw dislocations will be discussed in the 
second of the papers by Honig (11). 


Figure 3. The Emergence of a Screw Dislocation at a Surface (after 


Read (37)) 
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Figure 4. Growth Spiral on the Surface of n-CsH1, Crystallized fro 
Petroleum Ether (Forty (4)). X 24,000 (approx.) 


CdI, (4), to show that their cause is a general one. 
We have considered only a single screw dislocation, 
but detailed descriptions of the consequences of 
multiple and interacting dislocations can be given (4). 
These give a general account for observed gross topo- 
graphical nonuniformities of solid surfaces. 

Isotopic Exchange Reactions. Recently it has been 
observed that a variety of solid surfaces will undergo 
rapid isotopic exchange with a surrounding gas at 
temperatures as low as '/, of the bulk melting tempera- 
ture. For example, O2 gas and H.O vapor will ex- 
change oxygen with oxides such as NiO, CaO, MnOz, 
CoO and y-Al,O, (15, 16, 17, 18). For some of the 
oxides, e.g., CoO and NiO, exchange occurs in the 
range where the oxides act as oxidation semiconductors. 
Hence the mechanism of exchange might be thought of 
as electron transfer between oxygen gas chemisorbed 
on the surface and oxygen ions in the lattice. On 
the other hand, some of the oxides (e.g., y-Al,Os) 
apparently do not chemisorb oxygen in the tempera- 
ture range where exchange is observed. In addition 
they act as reduction semiconductors at higher tem- 
peratures. Analogous rapid exchange has been ob- 
served between CO, and CaCO; (/9) and between 
HCl and Cl, gases and the surfaces of alkali chlorides 
(20, 21). The dissimilarity of these various systems 
suggests looking for a single explanation which does 
not involve detailed electronic mechanisms. An at- 
tractive supposition is that real solid surfaces are more 
or less completely disordered on a molecular scale. 
If the surface is not of a regular lattice structure, 
rapid isotopic exchange can be readily imagined. 
Otherwise, the only easily conceivable mechanism of 
exchange is surface diffusion. The kinetics of the 
exchange do not agree with this latter mechanism 
(17, 21). 

Complete disordering or “melting’’ in the two- 
dimensional surface is a cooperative phenomenon 
(13). Although certain faces of a crystal may “melt” 
at’ low temperatures, the “melting” point of the 
dominant face would seem to be of the same order as 
the bulk melting point. However, the transition 
temperature may be lowered considerably by the 
presence of foreign material adsorbed on the surface 
(22). Perhaps the observed rates of isotopic exchange 
will be explicable on this basis, but more experimental 
information is necessary. 


Figure 5. Growth Spirals on the Surface of SiC (Verma (5)). 
(approx.) 


THERMODYNAMICS OF SOLID SURFACES 


Every solid surface will have a certain energy, fre 
energy, and entropy associated with it. Determina- 
tion of these quantities both experimentally and 
theoretically may be expected to yield useful informa. 
tion on the constitution of the surface. Both the 
experiments and the theoretical calculations have 
proved difficult, and broad general deductions from 
them are not yet possible. However, it is perhap 
useful to summarize some of the recent work. 

Experimental Determination. A procedure for ob- 
taining the thermodynamic properties of solid surface 
has been suggested by Jura (23, 24). Two types d 
experimental information are required: (7) measure 
ments in the region of room temperature of heats i 
solution of the same substance in various states o/ 
aggregation, and (77) measurements of the heat capac 
ities of the same materials from as low a temperatur 
as possible up to room temperature. 

From (i) one obtains the enthalpy of the surface, 
i.e., hye = AH/AG@ where AH is the difference in heat 
of solution at temperature 7* and A@ the difference i1 
surface area. From (zi) the change in enthalpy or 
entropy with temperature can be derived. The sur 
face enthalpy at any temperature can be readily 
calculated from 


T 
hr = hr*+ 


where AC, is a difference in heat capacity at constaut 
pressure corresponding to a difference in surface arei 
A@. From arguments which will not be reproduce 
here, Giauque (24a) has concluded that the surface 
entropy is very likely zero at 0°K. Hence the entropy 
calculated from 


or =f AC aT 


is the total entropy of the surface. The surface fre 
energy, y, may be computed from h and s by means 0! 
the relation y = h — Ts. These quantities have bee! 
determined for MgO by Jura and Garland (2/), avd 
their results are reproduced in Figure 6. 
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Dependence of the Heat Capacity upon Particle Size. 
It is possible to analyze in more detail the change in 
the heat capacity of a solid due to extension of surface. 
Montroll (25) and others have considered what happens 
to the lattice frequency spectrum of a solid when the 
solid is subdivided. The effect of subdivision is to 
shift the spectrum to lower frequencies which means 
that the heat capacity is increased. However, at 
high temperatures where all of the vibrations are 
classically excited the difference between the heat 
capacity of small particles and that of the bulk solid 
disappears. A consequence is that the surface en- 
thalpy reaches a constant value. Assuming a distri- 
bution function for the lattice frequencies, e.g., that of 
the Debye model, numerical values for the dependence 
of the heat capacity upon particle size can be derived 
and compared with experimental values. It can be 
shown (26) that, for temperatures and particle sizes 
readily attainable experimentally, the results should 
be essentially independent of the particle size distri- 
bution, particle shape, etc. This removes a criticism 
which had been made of the general scheme of deter- 
mining extensive thermodynamic properties of solid 
surfaces (27). 

A limited number of measurements of the effect 
of particle size on the heat capacity of solids other than 
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MgO has been made (28, 29, 30). For one case, that 
of particles of NaCl (30), a quantitative comparison 
between theory and experiment has been made. A 
much oversimplified presentation of the results is 
shown in Figure 7. The salient point is that the heat 
capacity of the particles at low temperatures is three 
or four times larger than is predicted by Montroll’s 
theory. The parameters in the theory cannot be 
altered to fit the experimental results, and it must 
be supposed that another heat capacity contribution 
comes in at low temperatures. It has been suggested 
(30) that it is due to loose surface structure. 

Calculations of Surface Energies. The first extensive 
theoretical calculations of the surface energy of crys- 
tals were made by Lennard-Jones and collaborators 
(e.g., (31, 32)) a number of years ago. Since then, 
further calculations of varying degrees of refinement 
have been made by others. Essentially what is done 
is to identify the surface energy with the difference in 
potential energy arising from splitting a crystal along 
a particular crystallographic plane and separating 
the two parts to infinite distance. No account is 
taken of the thermal vibrational energy of surface and 
bulk atoms so that the calculations of surface energy 
pertain to the state at O°K. The refinements are 
concerned with what forces are assumed to be operative 
and what allowance is made for changes in lattice 
spacing at the surface. The computed surface energies 
of a number of inert gas and alkali halide crystals are 
given in a paper by Shuttleworth (33). 

Experimental data suitable for comparison with 
calculated surface energies are sparse. For the case of 
MgO there appears to be good agreement between 
theory and experiment. However, some experimental 
uncertainties exist which have been discussed by 
Jura and Garland (24). For NaCl, a difference of 
about a factor of two is found, the experimental value 
being the larger (34). Recently the bases of the classi- 
cal calculations have been examined in more detail 
(35, 36). Adoption of more realistic models unfortu- 
nately seems to increase the discrepancy with experi- 
ment. 


SUMMARY 


The foregoing brief discussion attempts to sum- 
marize recent studies of the physical nature of solid 
surfaces. The important outcome is the recognition 
that real surfaces are imperfect structures. Many 
gross structural features of surfaces can now be un- 
ambiguously ascribed to the occurrence of dislocations 
in the bulk solid. There is evidence that considerable 
molecular disorder is a natural complement of real 
surfaces but the reason is not yet understood. Thermal 
disorder apart from actual surface melting would not 
appear large enough to account for it. 

Nonstoichiometry introduces another class of im- 
perfections which has not been dealt with here. These 
are electronic defects. Their effect upon surface 
properties is more complicated because they are 
dependent upon the composition of the whole solid. 
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i. d. N, 4 mm. i. d., 25 
mm.inlength. C,14 mm. 
i. d. 
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obtained even at high reflux ratios. Total reflux can be 
maintained, for liquids boiling above 60°, at rates oi 
boiling as high as the column can operate without flood- 
ing. 

Control is effected by means of the cooling jacket (/ 
which is a snug fit on the side-arm (S). The take-off is 
varied by sliding the cooling jacket along the side-arm, 
total reflux occurring when the jacket is in its lowest 
position. The cooling effect is surprisingly good even 
though it is transmitted through two layers of glass 
which are in contact only by virtue of their close fit 
The take-off tube (N) is fitted with a small condenser 
and a drip-cone (R) to which the receiver is attached 
The ground thermometer socket (7’), which is no! 
greased, may be replaced by a thermometer pocket 
sealed directly to the still head, thus making the sti! 
head itself completely free of ground-glass joints: the 
head may then be used for reduced pressure fraction:- 
tions. 

The reflux ratio is determined approximately by con- 
paring the rate of drops falling from the pear-shape (? 
with the rate of drops falling from the drip-cone (f) 
The pear-shape (P), which is directly attached to the 
top of the column (C), could be replaced by a more col- 
ventional device indicating the rate of drops falling 
down the column. 
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SCIENTIFIC AND TECHNICAL LITERATURE OF 


THE U. S. S. R.' 


Tue preceding papers? have dealt with sponsoring, 
editing, and publishing of scientific and technical 
publications in the Soviet Union. I propose now to 
examine the distribution of publications to consumers, 
individual and corporate, within the Soviet Union and 
the sale and exchange of these publications in countries 
outside the Soviet Union, particularly in our own 
country. 

The seemingly straightforward path which such an 
examination should take becomes a winding maze when 
one attempts to unravel the interrelationship between 
the main administration of publishing houses, printing 
industry, and book trade (Glavizdat) which is a depart- 
ment of the Ministry of Culture (Ministerstvo Kul’tury 
SSSR), the very same publishing houses within the 
jurisdiction of the various ministries, and the book 
trade bodies of the Federated Republics, autonomous 
areas, and other administratively autonomous regions. 


DISTRIBUTION IN THE U. S. S. R. 


Since 1953 the publishing, printing, and distribution 
of books, periodicals, posters, sheet music, etc., is 
centered in Glavizdat (Glavnoe upravilenie izdatel’stv 
poligraficheskot promyshlennosti i knizhnoi torgovit). 
The Glavizdat is within the Ministry of Culture (Mini- 
sterswo Kul’tury SSSR). It administers the pro- 
duction and. distribution of printed matter regardless 
of the jurisdiction to which a publishing house or a 
book trade organization belongs. Thus, the publishing 
house Metallurgizdat, e.g., is in the jurisdiction of the 
Ministry of Ferrous and Non-ferrous Metallurgy and 
the book trade organization Soyuzpechat’ is in the 
jurisdiction of the Ministry of Communication, yet the 
over-all administration of both is vested in the Gla- 
vizdat. The Glavizdat has three branches: Upra- 
vlenic tzdatel’stv, Upravlenie poligraficheskot promysh- 
lennosti, and Upravlenie knizhnoi torgovli of which the 
former two deal with publishing and printing respec- 
tively, and the third, called Soyuzknigtorg, directs the 
distribution of printed matter. The Soyuzknigtorg 
supplies books, periodicals, etc., to other booksellers 
and ulso maintains retail outlets (bookstores and book- 
stalls “kiosk”’). It sells books, etc., by mail and has 
traveling book vendors for rural and sparsely populated 
areas. 


‘Presented before the Division of Chemical Literature at the 
130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 

* Hosen, M., TH1s JouRNAL, 33, 397 (1956); 34, 182 (1957). 
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III. Distribution and Availability 
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When a publishing house (Jzdatel’stvo) plans to issue 
a book, monograph, journal, or other printed material 
the Glavizdat provides it with information about the 
possible volume of sale derived either on the basis of a 
survey or past performance. The format, size of 
edition, required paper, ink, and binding supplies are 
worked out, and time schedules are set for the delivery 
of the product by the publisher to the Glavizdat. The 
date of delivery, quality, packaging, etc., are embodied 
in a contract secured by penalty clauses. The Glavizdat 
supplies the publisher with paper, binding materials, 
etc., and production starts. When the finished product 
is received by the Glavizdat it is then distributed to 
wholesalers and retailers. 

Before the production of a book or periodical is 
started quotas are set for each outlet. Thus, the out- 
lets receive a definite number of copies previously 
assigned. If the demand exceeds the supply of the 
particular outlet, prospective buyers are turned down. 
The same applies to subscriptions to periodicals. 
Subscriptions are accepted to the limit of the quota for 
a given area and no more. It is well known that book- 
stores are emptied a day or two after a new shipment 
arrives and that periodical subscriptions have to be 
placed four to five -months in advance. Titles not 
available in one city can be readily bought in another. 
Occasionally, back issues become available a year, two, 
or three after subscription to them was refused. The 
person whose task it is to procure Soviet Union pub- 
lications should keep this in mind. 

The largest book trading organization specializing in 
periodical literature is the Soyuzpechat’ belonging to the 
Ministry of Communication. - Its full name is Glavnoe 
upravilenie rasprostraneniya i ekspedirovaniya pechati 
Ministerstva Svyazi SSSR. The Soyuzpechat’ maintains 
a large network of bookstores, bookstalls, carriers, etc., 
throughout the Soviet Union. 

Other book trading organizations are Potrebitel’- 
skaya Kooperatsiya (Consumers’ Cooperative) distrib- 
uting books, etc., in rural areas. Voenknigtorg main- 
tains bookstores in military establishments. T'rans- 
pechat supplies books, etc., to railroad workers and 
their families. 

The above mentioned are all-union organizations, 
i.e., they sell publications put out by the central 
publishing houses throughout the Soviet Union. In 
addition, each Federated Republic and autonomous 
area has a publishing and bookselling organization of 
its own. The Glavizdat supplies the local book trading 
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organizations with the output of the centra] publishing 
houses and purchases from them the output of the 
local publishing houses for distribution outside the 
local limits. 

You can readily see that the publications of the 
Federated Republics and autonomous areas have a 
very limited distribution outside their own borders and 
why it is difficult to subscribe to them or buy them. 

Since the establishment of Glavizdat (1953) the 
publishing houses are freed of the chore of selling 
their own output and the Glavizdat is doing it for them. 
The only exception is the Academy of Sciences which 
maintains a bookselling unit for its publications, 
Akademkniga. The Akademkniga maintains outlets in 
the principal cities of the Soviet Union. 


DISTRIBUTION OUTSIDE THE U. S. S. R.; 
EXCHANGES 


The book trade outside the Soviet Union is carried 
on by the Mezhdunarodnaya Kniga (International 
Book), an organization of the Ministry of External 
Trade (Ministerstvo Vneshnei Torgovli SSSR). This 
organization maintains outlets in most countries outside 
the U.S.S.R. where Soviet books can be bought and 
through which periodical subscriptions may be placed. 
These outlets issue lists of periodicals available for 
subscription and will accept orders only for items listed. 
It is quite possible that a publication not available in 
New York can be subscribed to in Paris, London, or 
Stockholm. 

Of paramount importance to the literature chemist 
are the two main libraries of the Soviet Union: the 
Lenin State Library (Gosudarstvennaya Biblioteka im. 
Lenina) in Moscow and the library of the Academy of 
Sciences (Biblioteka Akademii Nauk SSSR) in Lenin- 
grad. These two libraries are important not only 
because of their wealth but also because they are 
actively engaged in book exchange. Until recently, 
these were the only agencies which would enter into 
direct exchange agreements with foreign institutions. 
In 1951 Chemical Abstracts addressed exchange pro- 
posals to most of the regional academies, to a number of 
universities, and to some research institutes. Some of 
the letters were written in English and others in 
Russian. None were answered. In two cases the 
library of the Union Academy informed Chemical 
Abstracts that they are the agency through which 
exchanges with other academies and academy branches 
must be funneled. 

Recently, conditions have changed radically for the 
better. At the present, all bodies within the Soviet 
Union which sponsor or issue publications are en- 
couraged to enter into literature exchange agreements 
with foreign institutions. They no longer have to 
channel such agreements through the Lenin State 
Library or the Academy Library. They may do so 
directly. 


RECIPIENTS OF SOVIET PUBLICATIONS 
IN THE U. S. A. 


The three largest recipients of Soviet publications in 
this country are the Government, the Library of 
Congress, and Chemical Abstracts. To supply the needs 
of the various departmental and agency libraries 
(Agriculture, Interior, Commerce, Army Medical, 


Bureau of Standards, Bureau of Mines, etc.) the Depart- 
ment of State maintains a foreign publications branch 
which in turn has special personnel, so-called publica- 
tion procurement officers, stationed in many of our 
embassies. The departmental and agency libraries 
submit lists of material which they wish to have along 
with necessary funds to the Department of State. The 
latter instructs the P.P.O. (publication procurement 
officer) to purchase or place subscriptions for the 
requisite material and ship it to the respective libraries, 
In rendering this help to agencies requiring Soviet 
publications the Department of State performs a 
highly important service in a very efficient manner, 
often under most trying conditions. Since this project 
started, about ten years ago, the Department of State 
has picked a succession of skilled and devoted Publica- 
tion Procurement Officers. To deal with the unpre- 
dictable and often arbitrary bookselling methods and 
officials in Moscow was—at least until recently—a very 
trying assignment. To apportion equitably this mate- 
rial among the subscribing agencies in cases when not 
all the requested copies can be secured, decisions have 
to be made as to who will get the few and sometimes 
the single available copy; this naturally adds to the 
difficulties. All this notwithstanding, even during the 
period of the“ coldest”’ war more U. 8.8. R. material was 
being received in this country than in any other 
outside the Soviet Union. The job done by the Depart- 
ment of State is highly gratifying and well deserves 
praise from chemists. 

The Library of Congress acting for itself and co- 
operatively for several universities receives by far the 
greatest volume of U.S.S. R. publications. Naturally, 
only a fraction of this material is of interest to chemists 
but this fraction is impressive. The Library of 
Congress acquires this material by every available 
means: through the Department of State, by exchange, 
subscription, and outright purchase wherever possible. 
As befits a national library its acquisition program is 
enormous and very active. Newly acquired Soviet 
material is reported in the Monthly List of Russian 
Accessions. Now that the procedure governing ex- 
changes of publications has been relaxed by the 
U.S. 8. R., the Library of Congress has started action 
to enlarge its exchanges materially. 

Chemical Abstracts operates an extensive exchange 
program of its own with the U. S. S. R. Academy of 
Sciences and the Lenin State Library, and is about to 
enlarge it. Chemical Abstracts also receives a number of 
Soviet publications through the good offices of the 
Department of State and by direct subscription. 


PROCEDURE FOR OBTAINING 
SOVIET PUBLICATIONS 


From the brief sketch it can be seen that domestic 
and foreign distribution of Soviet public:.ions is 
cumbersome and anything but efficient. At least until 
recently, the difficulties were attributable in part to an 
inadequate distribution system rather than ill will. To 
what extent the recently announced improvements will 
facilitate our receipts remains to be seen. 

How to proceed about getting U. 8. S. R. publica- 
tions? Two ways are open: subscription and exchange. 
Subscriptions are best placed through the outlet of 
Mezhkniga. In this country it is the Four Continent 
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Book Corporation,in New York. In September this 
firm distributes a list of titles available for subscription 
for the coming year. Large subscribers should also 
examine the lists of titles of the Maison du Livre 
ftranger in Paris and of Collet’s Holdings Ltd. in 
London. This is advisable because the listings may 
vary somewhat and titles not available at one outlet can 
sometimes be obtained at another. 

Not all the wanted publications will be found in the 
above mentioned listings. Usually these catalogues 
will not list university publications except those of 
Moscow and Leningrad, nor publications of the 
Academy branches, of the various national academies, 
nor of the institutes (professional schools). If the 
regulations newly announced mean anything, then these 
publications should become available by exchange. 

Large scale exchanges are best entered into with the 
Biblioteka Akademii Nauk SSSR (Library of the 
Academy of Sciences) and with the Gosudarstvennaya 
Biblioteka im. Lenina (Lenin State Library). The 
former will provide only Academy publications. The 
Lenin State Library operates on a much wider basis 
but its exchangeable material does not include the 
above mentioned categories. Consequently, publica- 
tions of universities other than Moscow and Leningrad, 
those of the many Nawuchno-Issledovatel’skie Instituty, 
of the Pedagogicheskie Instituty, of the national (re- 
gional) academies, and of some of the U.S. 8. R. Acad- 
emy branches and stations are best obtained by direct 
exchange with these institutions. 

If you wish to enter into an exchange arrangement 
with some institution in the Soviet Union you should: 
(1) prepare a list of exact and full titles of the pub- 
lications wanted, (2) obtain as much information as 
possible about the periodicity and price of these 
publications, (3) have the full name and correct 
addresses of the institutions sponsoring the desired 
publications, (4) prepare a list of publications which 
you are ready to offer in exchange including the 
periodicity and price of these publications, and (5) 
keep in mind that the publications of the universities 
(except the big ones), of institutes, museums, and 
similar bodies appear in 1-3, seldom more, issues per 
year, and that these publications carrying often the 
same general title may appear in more than one series, 
with one issue devoted to chemistry, another to 
geology, and the next to agriculture. 

After satisfying the above five points write to the 
institution in question. Then arm yourself with a 
great deal of patience and go on an extended vacation. 
By the time you return, and tell and recount about all 
the ones that got away, then catch up with piled-up 
work, you can begin a patient wait for a reply—it just 
possibly may come. This at least was the usual case 
before the “new look” was announced. I hasten to add 
that in my opinion these difficulties were not neces- 
sarily the outcome of ill will. The strangeness of 
communication with the outside world, the uncertainty 
of what the official policy may be, the necessity of 
going “through channels,” and, last but by no means 
least, the hesitancy about one’s own product contrib- 
uted heavily to the reluctance to enter into nego- 
tiations with foreign institutions. 

If your perseverance held fast and you received an 
agreement to your proposal you are not yet in the 
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clear. When the long awaited publication arrives in 
this country it has to pass our censor at the port of 
entry. He is charged with the interception of political 
propaganda. And if the title of your publication 
starts with, e.g., Jzvestiya, (and Jzvestiya, the news- 
paper, is propaganda) the censor who likely may not 
know the difference between the newspaper Izvestiya 
and the Izvestiya of some university, will stop your 
publication. 

I have presented to you a highly unattractive 
prospect. I did it not to discourage you but to.prepare 
you for the worst and forestall disappointment. 

To repeat, there are numerous publications of 
interest to chemists appearing in the Soviet Union. 
Many of these can be obtained readily by subscription, 
others cannot except by exchange with the issuing 
institutions. Recently, the Soviet Government pro- 
mulgated regulations permitting corporate bodies to 
enter into direct exchange arrangement with foreign 
bodies. The next step is up to us. 

Are these publications of provincial universities, 
professional schools (institutes), and regional academies 
of such importance as to warrant so much trouble? We 
can readily enough obtain the ‘most important” 
publications, such as those of the U. S. 8. R. Academy, 
most trade publications, i.e., those sponsored by the 
ministries, and quite possibly the publications of most 
if not all of the regional academies. Hence, is it 
worth the effort to obtain university and institute 
publications? It seems to me so. Some of my 
reasons are: (1) the academy publications are reserved 
primarily for members of the academy and the research 
staff of its numerous research institutes. The chances 
of a paper that originates in a university being published 
in one of the “big” publications are not very great. 
Thus, the bulk of university research is reported in 
university publications. (2) Also most, if not all, of 
the research in applied science and in specific narrow 
fields is done in the professional institutes, and the 
results of this research will be found almost exclusively 
in institute publications. (3) The combined volume of 
university, institute, and similar publications is very 
impressive. 


CONCLUSION 


This concludes the series on “Scientific and Technical 
Literature of the U.S. 8S. R.”” The successive papers 
dealt with the administrative setup of Soviet scientific 
literature, their publishing and editing, their various 
types, and their distribution, as well as with procure- 
ment and hints for searching this particular literature. 
The rather extensive treatment of the scientific and 
technical literature of one country was motivated by the 
fact that this large volume of literature reports results 
of a vast research activity through channels unlike the 
ones with which we are familiar in a language very few 
of us know. In addition, the publications are hard to 
obtain. This series was presented with a hope that it 
may help us to become better acquainted with this 
important segment of the world’s scientific literature 
and derive all the benefits it may offer us for scientific 
advancement. 


‘ 
. 


Postcripr. Since Part I of this paper (Cf. J. Cue. 
Epuc., 33, 397-402 (1956)) was written in 1954, new 
information concerning distribution of printed matter in 
the U. 8. S. R. became available. Thus, a statement 
made on page 402 of the quoted reference needs to be 
corrected : 


(1) Soyuzpechat is but one of several agencies distrib- 
uting printed material within the Soviet Union. 

(2) Foreign outlets of printed material are in ‘he 
jurisdiction of Mezhdunarodnaya Kniga which is furt|er 
detailed in this last part of the series. 


a TEACHING THE SCIENTIFIC METHOD IN 
COLLEGE GENERAL CHEMISTRY’ 


Tue laboratory work in an elementary chemistry 
course has three major aims: to teach some of the 
elementary facts and principles of chemistry, to train 
the student how to use laboratory equipment in per- 
forming manipulations, and to help the student learn 
how to think.? But these aims, particularly the last, 
cannot be attained if the student merely passively 
follows the directions and fills in the blanks in his 
laboratory manual. Thus, how sure can we be that a 
student really understands, say, the law of multiple 
proportions after he has calculated the weight ratios of 
tin and oxygen in the two tin oxides, even though he 
did use numbers that he himself obtained? 


STUDENTS PLAN PROBLEM ATTACK 


We have attempted to encourage independent 
thinking by discarding the laboratory manual, re- 
quiring instead that the student plan his own attack 
upon a problem and submit a written report describing 
his procedure, the results obtained, and the conclusions 
reached. Since this approach is new (or perhaps 
reactionary), comments and criticisms are invited. 

Before the student can proceed without specific 
directions, he must be able to perform the basic ma- 
nipulations: how to adjust a burner, how to bend 
glass, how to filter, how to collect a gas, how to weigh 
an object, etc. Also, the need for cleanliness, order, 
and safety must be taught. We have found part I of 
Deming’s manual* suitable for this purpose. It takes 
about six laboratory periods to learn the necessary 
techniques and to develop good habits. 

Following this, problems are assigned. to pairs of stu- 
dents. The problems are selected from a pretested 
list and range from the simple to the more complicated. 
Upon completion of the first problem, successively 


1 Adapted from a paper presented at the Annual Meeting of 
the Pennsylvania College Chemistry Teacher’s Association, 
Albright College, April 21, 1956. 

See, for example: Buick, D. J., J. Cuem. Epuc., 32, 264-6 
(1955); Krueuaxk, H., Am. J. Phys., 17, 23-9 (1949); MALurn- 
son, G. G., anv J. V. Buck, J. Cuem. Epuc., 31, 634-6 (1954); 
H. L., J. Cuem. Epuc., 12, 524-8 (1935); Srew- 
ArT, B. R., Sci. Monthly, 79, 165-9 (1954). 

For a more general discussion: Aquinas, Tuomas, O. P., 
“Of the Teacher,’ H. Regnery, Chicago, 1949, (Tr. by James 
P. Shannon); Weaver, WARREN, Science, 122, 1255-9 (1955). 

3 Deminea, H. G., “Practical Laboratory Chemistry,’ John 
Wiley & Sons, Inc., New York, 1955, pp. 1-54. 
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more complex problems are assigned. Each is dif- 
ferent; it is assigned in each laboratory section to only 
one pair of students. The instructor assists the 
students in the initial] demonstration of the phenom- 
enon assigned as their problem; he guides the prep- 
aration of solutions, the setting up of apparatus, etc. 
The optimum size of a laboratory section is twenty. 
Typical elementary laboratory equipment is usually 
sufficient. Occasionally devices are borrowed from the 
analytical or physical laboratories. 


Why does anhydrous copper sulfate turn blue upon standing 
in an open beaker? Why does a concentrated solution of su- 
crose turn black upon the addition of anhydrous sulfuric acid? 
Why does a match head remain unignited when placed in the 
inner cone of a non-luminous burner flame? Why does a precip- 
itate of zine hydroxide dissolve when either acid or base is 
added? Why does a penny turn “silver’’ when immersed in a 
solution of mercuric nitrate? Why does a rubber balloon, when 
filled with a few grams of dry ice and tied at the neck burst 
after a few moments? Why does the lower layer, carbon tetra- 
chloride, turn reddish brown upon shaking, when chlorine water 
is added to the aqueous solution of potassium bromide standing 
above the carbon tetrachloride? (This problem is detailed in 
greater length, more simply, before the question is posed. 
Why does the color of a potassium chromate solution change when 
hydrochloric acid is added? Why is a hot, acidified solution of 
potassium permanganate not decolorized immediately upon the 
addition of an excess of sodium oxalate? Why does a copper 
wire become coated with a white deposit when immersed in 4 
solution of copper(II) chloride but not when immersed in 4 
solution of copper(II) sulfate? Why does silver chloride dissolve 
upon the addition of ammonium hydroxide and reprecipitate 
when zinc sulfate solution is added? 


After the students carry out the procedure and note 
the phenomenon concerned they are required to pro- 
pose an explanation. When the explanation does not 
suggest itself easily, the students are encouraged to re- 
peat and to vary the original experimental setup, to 
investigate allied phenomena, to study their own text 
and other sources of information, and to consult with 
the instructor. Notes are to be kept. No emphasisis 
placed upon obtaining the ‘‘correct’’ explanation. It is 
only necessary that the hypothesis be testable in the 
laboratory. 


HYPOTHESIS MUST BE TESTABLE 


This requirement, that the proposed hypothesis be 
testable, is the heart of the matter. It is the esse ce 0! 
the scientific method and its use here, in an eleme:tary 
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course, is considered to be the raison d’etre for the 
pedagogy employed. 

To obtain a testable hypothesis often requires 
considerable study and thought. For example, a 
bottle of gaseous hydrogen chioride is inverted over a 
bottle of gaseous ammonia and the paper septum, 
which was placed between the two adjacent bottle 
mouths, is removed. The ammonium chloride forms 
first in the upper bottle. When the experiment is 
repeated, this time with the ammonia container on top, 
the product forms first in the lower bottle. The 
question to be answered is: Why does the ammonium 
chloride first form in the bottle which contained the 
hydrogen chloride, irrespective of its relative position? 

Usually the experimenters first explain the effect as 
being due to relative densities, or, more simply, to 
gravitational force. One of the partners will then 
object to the original suggestion, ultimately convincing 
his associate of its implausibility. A long discussion 
and some study of available references then follows, 
culminating in a better explanation: ‘‘Ammonia tends 
to expand more than hydrogen chloride.” The 
students who proposed this hypothesis learned, after 
some attempts, that the hypothesis simply was not 
testable. During their fruitless attempts to test their 
hypothesis they determined upon a testable hypothesis: 
“Ammonia tends to diffuse more rapidly than hydrogen 
chloride.” This was successfully tested by placing test 
tubes containing the gases at opposite ends of a long 
tube and noting where the ammonium chloride formed 
in the tube. Upon another occasion, two other 
students postulated: ‘‘The average velocities of the two 
gases are inversely proportional to their molecular 
weights’”’ and calculated the temperature at which 
hydrogen chloride molecules would have an average 
velocity equal to that of ammonia molecules at room 
temperature. The hydrogen chloride was heated well 
above this temperature, while keeping the ammonia 
cool, the septum between the two containers removed, 
and the ammonium chloride was observed to form 
first in the flask containing the ammonia. The 
exultation was plainly evident upon the faces of these 
two students. Here was a challenge that they had met, 
and more than this, they knew why! 

Depending upon the judgment of the instructor in 
helping the students to understand the complex nature 
of what appears to be simple, problems can be extended 
beyond their original scope. Thus: When a beaker is 
inverted over a lighted candle the flame is extinguished. 
In most cases the students almost immediately suggest 
that there is no oxygen in the inverted beaker since it 
has been replaced by carbon dioxide; and therefore the 
flame is extinguished. A test for carbon dioxide is 
made and the hypothesis confirmed. The matter can 
be dropped here and a new problem assigned; but if the 
instructor deems it wise, it is pointed out that carbon 
dioxide is heavier than air, hence it could not remain in 
the inverted beaker, despite the positive test which 
affirmed its presence. This paradox is a real challenge. 
Eventually it is suggested that the carbon dioxide is hot, 
and, therefore being less dense than air, can remain in 
the beaker. In one instance this hypothesis was tested 
by filling an angel food cake pan, which had a cap 
affixed over the center hole, with a salt-ice-water 
mixture. When the candle was inserted into the 
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cooled center hole it continued to burn, thus confirming 
the hypothesis. (The year this happened the experi- 
menters exulted so tumultuously that every student in 
the laboratory was compelled by curiosity to inspect 
the result.) 

When a problem is completed, a report is written 
jointly by the pair of students and submitteel for 
criticism. It contains the description of the phenom- 
enon, the question to be answered, the proposed 
hypothesis, a detailed outline of the proagdure which 
should test the hypothesis, the reasons why-the proposed 
procedure is suitable, the results of the test, the con- 
clusion. A typical report is from 400 to 1000 words in 
length. If progress on a particular problem is slow, a 
report describing the current status of the work, using 
the same outline, is submitted. 

The reports are examined and criticized by the 
instructor in the presence of the two students. This 
critique is conducted seminar-fashion; the authors are 
required to defend their statements. At the same 
time, errors in grammar are corrected and suggestions 
are made to improve the style of writing. 

Because of the variation in the complexity of the 
problems and in the previous experience and ability of 
the students, not all will solve the same number of 
problems during the year. Typically, by the third or 
fourth week of the second semester, most students will 
have solved eight to ten problems. At this time the 
nature of the assigned problems is changed. Up to 
this point, the problems require explanation of an 
observed phenomenon; now the task is to apply 
principles. Examples are: 


What is the valence of aluminum? Show that iodide ion is a 
reducing agent. Prepare approximately 0.001 mole of hydro- 
gen bromide. What is the composition of the atmosphere? 
Show, for any two chosen elements, that the law of multiple 
proportions is valid. What is the atomic weight of chlorine? 
What are some of the factors that affect the yield obtained in 
the synthesis of n-propy! acetate? What is the solubility prod- 
uct of lead chloride? What is the pH of a solution 1 M in 
acetic acid and 2 M in sodium acetate? 


After some study and exploratory work in the 
Jaboratory, a preliminary written report describing the 
plan of attack is prepared, submitted, and examined. 
The work is performed and a final report prepared and 
Shbmitted. As before, the problems assigned suc- 
cessively increase in complexity and are different for 


each pair of students. In a typical case, six to eight 
problems are completed by the end of the second 
semester. 

Correlation between the laboratory work and the 
classroom is fortuitous. Usually a topic will be dis- 
cussed in class and studied in the laboratory at dif- 
ferent times. Thus, the second encounter serves to 
reinforce, rather than to supplement, the learning 
attained when the matter was first encountered. 
When material is covered in class that has already been 
studied by a pair of students in the Jaboratory, ref- 
erence to this fact can be used to stimulate the interest 
of others. If the occasion warrants, the experiment- 
ers report the details to the whole class. 

A substantial amount of learning also takes place 
outside the classroom and laboratory in informal 
discussions among the students. 

A complete list of the problems used is available upon 
request to the author. 
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Tue presentation of the correct lamellar structure of 
graphite is generally followed in textbooks? by an 
erroneous statement that the lubricating properties of 
graphite are due to the easy slippage between layers. 

The crystal structure of graphite consists of hex- 
agonal layers of giant molecules (C—C distance = 
1.42 A) which are separated by a relatively great 
distance (3.40 A.) so that there can be no covalent 
bond between the layers. Therefore the superimposed 
two-dimensional macromolecules are bound to each 
other by weak van der Waals forces and shearing occurs 
readily.* However, in a plane normal to the layers of 
molecules the graphite is strong and resists compression. 
This picture simply and beautifully explains such 
properties as electrical conductivity and low density 
and also seems to explain its soft, slippery behavior. 

This view has as its basis the interpretation of the 
lattice structure of graphite deduced from X-ray data 
by W. L. Bragg.‘ Bragg stated: ‘Two neighbors in 
any one layer (of graphite) are drawn together more 
closely than two carbon atoms in diamond. But the 
great distance between layer and layer is naturally 
associated with weakness in their mutual attraction. 
It is just this peculiarity that makes graphite so 
perfect a lubricant. One layer can slide freely over 
another.’ Other scientists, e.g., R. O. Jenkins’ and 
R. Holm elaborated still further the original concept 
of Bragg. 

This explanation of the lubricating properties of 
graphite in terms of its structure was accepted without 
question until recently. Serious question as to its 
validity came with the advent of the high-flying air- 
plane. In these airplanes it was often found that the 
life of carbon brushes on the generators was perilously 


1 Suggestions and material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with 
as many details as possible to Karol J. Mysels, University of 
Southern California, Los Angeles 7, California. Contributors 
of discussions in a form suitable for publication directly will be 
acknowledged as guest authors. 

? Since the purpose of this column is to prevent the spread 
and continuation of errors and not the evaluation of individual 
texts, the source of the errors discussed will not be cited. The 
error must occur in at least two independent standard books to 
be presented. 

3 Pauuine, L., “Nature of the Chemical Bond,” 2nd ed., 
Cornell University Press, 1948, p. 173. 

4 Braae, W. L., “Introduction to Crystal Anaiysis,’”’ Bell and 
Son, Ltd., London, 1928, p. 64. 

5 Jenkins, R. O., Phil. Mag., 17, 457 (1934). 

_ R., “Electrical Contacts,’ Hugo, Gerber, Forlog, 
Stockholm, 1946, p. 193. 


240 


TEXTBOOK ERRORS: 


GUEST COLUMN 
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short.’ Apparently graphite under these conditions 
lost its splendid lubricating properties and wore out 
rapidly. A research program was organized to combat 
this effect of high altitude. Treatment of the brushes 
in many cases with metallic halides and other com- 
pounds such as BaO and CaSO, appeared to provide 
a successful answer.*® Meanwhile, R. H. Savage of 
the General Electric Company had begun a study of 
graphite “mainly out of curiosity and scientific interest, 
with possible applications in mind naturally.” 

Savage found!! that the ordinary explanation of the 
action of graphite is too simple and far from satis- 
factory. He showed, for graphite sliding on graphite 
(the graphite having been freed from contaminant 
films by heating in a vacuum) that the coefficient of 
friction, u, is higher (u = 0.5 to 0.8 in a vacuum versus 
un = 0.1 in the atmosphere) and the wear is heavier 
than in the atmosphere. In addition the abraded 
graphite dust possessed a very high adsorptive power. 
This dust adsorbed more hydrogen at room temperature 
than charcoal at —195°C. The same behavior was 
observed with all types of graphite examined under 
these conditions. Such_ results would appear to 
indicate comminution of the crystals across the molec- 
ular layers, as well as flaking along the layers. This 
mechanism would account for the high friction and 
wear, and the finely powdered condition of the graphite 
with its fresh surfaces containing many active sites 
for bonding extraneous material would explain the 
high adsorptive power of the graphite dust. 

It is of great interest to note that high friction is 
observed with graphite which has been freed from 
contaminating gases even though hydrogen or nitrogen 
is admitted to the surfaces. If certain organic vapors 
or water vapor are admitted at pressures as small as 
6-7 mm. of Hg the friction is reduced to the usual 
lower value, and the wear is entirely eliminated. 
Oxygen has a similar “‘lubricating’’ effect at pressures 
greater than 600 mm. of Hg. 

This work of Savage has shown that the low friction 
and wear of graphite surfaces are due to the presence of 
adsorbed layers of gases or vapors and not alone to 


7 Evsey, H. M., Westinghouse Engineer, 5, 144-7 (1945). 

Herwia, R. (to Bendix Aviation Corp.) U. 8, Patent 
2,462,055 (1949). 

® Ramaponorr, (to National Carbon Co., Inc.) U. 8. Patent 
2,445,003 (1948). 

1 Savace, R. H., Personal communication (July 5, 1956). 

1 Savaae, R. H., J. App. Phys., 19, 1 (1948); J. Am. Chem. 
Soc., 70, 2362 (1948); Ann. N. Y. Acad. Sci., 53, 862 (195!). 
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the laminar structure of graphite. The free access of 
the atmosphere is needed to obtain the greatest benefit 
from graphite as a solid lubricant. Under ordinary 
circumstances this adsorbed layer is provided by 
atmospheric moisture, and is self-forming and self- 
repairing. 

Savage!” in 1952 presented a paper to a meeting of the 
American Society of Lubrication Engineers in Chicago 
entitled “On the Friction and Wear of Graphite and 
Other Layer-Latticed Solids” in which comparative 
data of the sliding characteristics of graphite, molyb- 
denum disulfide, boron nitride, mica, and diamond were 
included. The first four of these exhibit well-known 
laminar structures. Graphite showed low friction in 
air but not in a vacuum, molybdenum disuifide showed 
low friction, both in air and in a vacuum, whereas 
boron nitride and mica showed high friction and 
rapid wear under all conditions. Diamond has been 
found to possess a coefficient of friction in air as low 


SavaGe, R. H., “Fundamentals of Friction and Lubrication 
in Engineering,’”’ First ASLE (American Society of Lubrication 
Engineers) National Symposium, Chicago, Illinois, September 
Sand 9 (1952), p. 161. 


as graphite or even lower, and a high friction in a 
vacuum. These results support the view that the 
laminar structure alone is not sufficient for a substance 
to act as a solid lubricant, but that also the surface 
fields of forces of the sliding solids must be low or 
that adsorbed films of gases or vapors must be present 
to produce this lowering. 

It would appear advisable in presenting the topics of 
graphite, its structure, and its use as a solid lubricant to 
point out briefly the further role of “contaminant” 
gases and vapors in permitting the graphite structure to 
be utilized successfully as a solid lubricant. If time 
permits it might also be of definite interest to mention 
other investigations into the usefulness of this kind of 
lubrication. 
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A JIG FOR PREPARING PUNCHED CARDS 


Pouncuep cards have found frequent and varied 
application in scientific problems. They have been 
particularly useful in this laboratory in the preparation 


of bibliography files. Cross indexing can be accom- 
plished on one card, thereby reducing the total volume 
of the file. Also, the possibility of losing a reference 
through accidental misfiling is considerably reduced. 

A method for the preparation of punched cards 
from ordinary file cards has been reported by Begun.! 
With the simple jig used in this laboratory, one hundred 
cards can be prepared in about fifteen minutes. Nine- 
teen holes are punched simultaneously along the upper 
edge of a 3- X 5- inch file card. The lower right- 
hand corner of the card is then cut off to insure proper 
orientation of the card in the file. 

An exploded view of the jig is shown in the accom- 
panying sketch. The jig can be built using ordinary 
hand tools and readily available materials. A powered 
drill press simplifies the work. To insure proper 
alignment the three parts labeled A are bolted together 
while drilling the guide holes for the pins. A wooden 
spacer is then placed at positions B, a nail is placed in 
each guide hole, the strongback C is placed in position, 
and the assembly is again bolted together. The pro- 
truding nail points are cut off with a hacksaw and then 
filed flush with the bottom surface of the assembly. 
This gives each pin a flat tip and eliminates burrs. 

The cam lever (D) can be rough cut with a hacksaw 


‘Braun, G. M., J. Cuem. Epuc., 32, 328 (1955). 
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and then finished with a grindstone or file. The cam 
eccentricity is sufficient to give a stroke of about '/, inch 
to the punching pins. A sturdy spring at each position 
B lifts the pins after a card has been punched. The 
cards are properly positioned in the jig by the tem- 
plate FZ. A slot is cut in the wooden base (F) to allow 
the punched-out materia] to fall through. 

This jig has been in use for severa! years and has 
significantly reduced the cost of maintaining a punched 
card file. 
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2 RECOMMENDATIONS FOR ADMISSION TO 
MEDICAL SCHOOLS 


My QUALIFICATION for writing on the above subject is 
little more than that an unusually heavy involvement 
in the writing of letters of recommendation has led me 
to study the problem at some length and to seek tech- 
niques for coping with it efficiently. However, at- 
tendance, as one of the few nonmedical participants, at 
the Association of American Medical Colleges’ 1956 
Institute on “The Appraisal of Applicants to Medical 
Schools” offered a particularly favorable opportunity 
for learning the response of medical schools to a time- 
saving procedure that I have been following for about 
five years. A number of unsolicited comments from 
deans and members of admissions committees indi- 
cated that the procedure is generally accepted and 
liked, and consequently a description of the procedure 
is presented here with the thought that it may be of 
some guidance to other teachers of premedical science 
courses. Each year some 100-120 boys and girls re- 
quest medical school recommendations from me be- 
cause they have taken my course in organic chemistry. 
The prospect of preparing useful recommendations of 
students whom I have known for the most part only as 
faces in a lecture group of 285 is rather terrifying. 
Some of the applicants took the course in a year when I 
was off duty and the lectures were given by a visiting 
professor, but if such students are in need of support I 
feel obligated to do the recommending. Our students 
apply, on the average, to seven medical schools, and if 
each recommendation were to be done individually in 
accordance with the widely varying stated require- 
ments of each school the task would be impossible. 
Here is a way I have found for handling it. 


THE PROCEDURE 


At the time the student is enrolled in my course, he 
fills out a printed record card with spaces for vital 
statistics, details of his study program, outside interests 
and activities, and a space for a photograph. During 
the year the section man enters data regarding prog- 
ress in the course, and other entries are made at the 
time the student becomes an applicant for admission 
or for a job. The card is filed as a permanent record 
and may be useful 5-10 years after the student has 
graduated. A photograph adds to its usefulness at all 
stages, but usually is secured only when the student 
wants a recommendation, and then only with some 
prodding. At the end of the year each section man 
writes on a blue card of the same size his characteriza- 
tion and appraisal of each of his students and whether 
or not they are at the time thinking of postgraduate 


LOUIS F. FIESER 
Harvard University, Cambridge, Massachusetts 


work requiring recommendations. A secretary staples 
the two cards together and files them away. 

By midsummer, or even earlier, inquiries and re- 
quests for recommendations begin streaming into my 
office by visit and by telephone. These are handled 
by a secretary, who looks up the student’s card, makes 
sure that the section man’s report is available, explains 
the procedure, sets a date for an interview, and requests 
the student to bring in at that time a stamped and 
addressed envelope for each medical school concerned, 
together with any forms, and a photograph. We have 
found it most satisfactory to schedule five students per 
afternoon at intervals of 15 minutes, with an extra 
15 minutes between Nos. 3 and 4 as a coffee break or 
for outage. It takes some effort to keep on schedule, 
but this is by far the best plan for all concerned. The 
interview proper lasts 10-12 minutes, during which 
time I have decided on a rating from 1 (highest) to 5 
(just barely worthy of a recommendation, probably all 
right). The student withdraws. I dictate a letter 
about him, and the next man is invited in. I recognize 
only a few of the students when they appear, and even 
so know very little about them, and by the end of the 
afternoon I can hardly remember which of the five is 
which. However, I believe that at the time of each 
dictation I can make a fair appraisal of the student’s 
potentialities and that I know enough about his speci- 
fic characteristics and traits to write a letter that is 
reasonably accurate and that has a personal flavor. 
The letters are later typed, two to a stencil, and the 
copies are attached to forms, if supplied, and sent out 
as soon as envelopes and requests are received. They 
are not read and corrected, since typographical errors 
seem to be pardonable and not to detract from the 
sense of the recommendation. Interviews begin the 
week before college opens and continue, at a pace of 
two or three afternoons a week, until about Christmas. 


THE INTERVIEW 


Since the interview is the main basis for the recom- 
mendation, it requires both justification and further 
description. Is a 10-12 minute period really enough’ 
Apart from contending that it is indeed enough because 
of evidence that the system works, I wish to present rea- 
sons for thinking that it should work. The teacher- 
student interview has special qualities not common to 
other interviews. Unlike an interview by a personnel 
agent, there is no need for anything comparable to selling 
the company to the prospective employee. I suspect 
that interviews conducted by representatives of medical 
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schools devote some time at least to public relations and 
sales promotion. In my interviews, I merely ask a few 
suggestive questions, and the student does the bulk 
of the talking. Still more important differences exist 
in interviews by a medical man and by an undergrad- 
uate teacher. One is that the tension liable to be as- 
sociated with the former is completely absent in the 
latter, since the student is well aware that his teacher 
has no authority for acceptance or rejection to a medi- 
cal school. Furthermore, the student knows, or should 
know, that his teacher is on his side, and is trying to 
collect enough evidence to advocate his case in the best 
possible light. I would not go so far as to suppress 
damaging evidence, but if a boy seems pretty weak I 
may, in the letter, make the most of any discoverable 
good points and let the admissions committees evaluate 
this praise as they see fit in relation to rating of 4 or 5. 

Although I know few of the students prior to the in- 
terview, a student who has listened to my lectures for a 
year must feel he knows me pretty well. He is thus not 
diverted in the interview in trying to size me up. We 
have a lot in common, since we have played on the same 
team, if in different positions. All these factors tend 
to make the interview flow along easily and rapidly.'. A 
glance at the record card gives most of the factual data. 
A reference to a specific course, professor, or field of 
concentration requires no elaboration, because we are 
on common ground. The appraisal by the section 
man usually provides a useful lead, and a number of 
the reports seem very well done and worthy of being 
quoted. Sometimes, however, the graduate student 
differs from the undergraduate so greatly in personality 
or interests that his judgment seems biased and incon- 
sequential. Thus one useful objective of the interview 
is to confirm or refute either strong or weak points sug- 
gested by the section man. Another is to estimate 
the meaning of the student’s course grades. Was this 
high-ranking student just a greasy grind who mastered 
the technique of grade-getting but did little else in 
college? What about this B-average man who may 
have taken a calculated risk of lower grades in order to 
plunge into outside activities that he considered worth- 
while? Is this fellow a late-bloomer of significant po- 
tential ability? 

The interview is of course pervaded by the attempt to 
evaluate the boy’s personality. Is he nice looking, at- 
tractive, friendly, of good disposition; does he talk 
well, does he smile, does he have a sense of humor? 
In evaluating personality, as well as general make-up 
and aptitude for medicine or about anything else, 
it seems to me helpful to explore the nature and inten- 
sity of the student’s interests. One index is the course 
program elected. Premedics nowadays are apt to 
follow the rather prevalent advice to elect a nonscience 
major even though they have high aptitude for science, 
and in such a case there may be something significant 
in the nature of the field selected and the extent to which 
it developed into a really deep interest. Majoring in 
science may appear to science teachers a reasonably 
good way for a boy to prepare for medicine, but ad- 
missions committees these days like some evidence 


_ ‘Compare comments by 1956 medical school freshmen regard- 
ing interviews conducted by medical schools: ‘Interviewer 
lacked interest...unfriendly, no personal interest. ..asked ir- 
relevant questions. ..attempted to confuse student...was sar- 
castic. ..did most of the talking.’’ 
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that a science major has an adequate interest as well in 
the humanities. Thus it seems worthwhile to include a 
list of cultural courses a boy has elected beyond the 
required minimum, particularly since those taken in 
the senior year will not show on the transcript, and to 
list the courses by names that will be understandable 
without recourse to a catalogue. Incidentally, science 
teachers may as well accept the fact that medical 
schools pay much more attention to the over-all course 
record than to grades in specific science courses, al- 
though instances do exist of specific courses at specific 
colleges that are regarded as offering a particularly 
reliable index of aptitude for medicine. 

Out-of-course interests are particularly important. 
The nature of the interest does not matter much, 
provided it is sincere and strong. Any one of a variety 
of categories of athletics, music, mechanics, writing, 
or administration adds considerably to a boy’s general 
attractiveness. Sometimes an interview discloses a 
hobby which would seem silly if listed in an application, 
but which turns out on questioning to be perfectly 
sound and sometimes indicative of surprising expert- 
ness; examples: skin diving for lobsters, gardening, 
fishing, cooking. Questioning as to how the student 
has utilized his summer vacation time often brings out 
unconventional activities of interest and sometimes in- 
dicative of considerable enterprise. Even though a 
boy has done no more than farm, build roads, drive a 
truck, sell ice cream, deliver mail, collect bills, or pro- 
mote dog track betting—or even though a girl could 
do no better than work as a waitress, or bar girl, or 
riveter—the reactions of these students to the social- 
relations situations involved are sometimes illuminat- 
ing. Some students have the enterprise to land 
exciting jobs in research laboratories. Some work 
their way, by music, into interesting programs often 
involving foreign travel. One premedic hitchhiked to 
California by himself and queried each driver about 
his experiences with doctors; the uninhibited replies 
led the boy to try to do a better job than the M.D.’s 
sampled. 

I usually ask the student when and why he decided 
on a career in medicine, although discussions with 
medical men have convinced me that little significance 
can be attached to the obviously well studied state- 
ment about motivation. However, the time of the 
decision may be of significance in interpreting the 
course program and grades. 

Questions of the types indicated can be asked and 
answered in a short time. A period of 10-12 minutes 
usually seems adequate to me, and there have been no 
indications that students feel slighted or cut off. 


CORRELATION WITH ACCEPTANCES 


As stated at the beginning of this article, represent- 
atives of a number of medical schools have stated that 
my short-cut system of presenting recommendations is 
perfectly acceptable to them. Several have expressed 
the opinion that a few brief characterizing sentences 
are of more help than a completed questionnaire, or 
than a letter padded with phrases such as “It is a 
pleasure to me to write to you about one of our seniors, 
a young man whom I do not happen to know but who 
has made the happy choice of a career devoted to the 
benefaction of mankind.” 
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Some evidence that my ratings correspond reasonably 
Aver Ratings (Rt. d Chem. 20 Grades 
well with the more extensive evaluations by admis- 


sions committees is afforded by the data of the ac- parovent 
companying table. The classification of schools is ps ee —1963-54——. —1954-55— —1955-56— 
q arbitrary, applies only locally, and is subject to some of No. Rt. Gr. No. Rt. Gr. No. Rt. Cir. 
a4 inaccuracy. The “school of first choice” is the local Ist Choice 26 (23°) 1.4 89 24 1.1 89 17 1.4 3% 
u school currently preferred by the great majority of our 2nd Choice 45 (26%) 2.2 83 36 2.1 83 34 2.4 33 
school go elsewhere because of a fellowship or for other ¢ Acceptances to December 23. 
of reasons. Six schools are arbitrarily grouped as those of 
: second choice because, on the average, they seem to be ances. There seems to be some correlation between 


iz held in this regard by Harvard and Radcliffe appli- grades in the organic chemistry course and acceptances, 
as cants. The figures for students not accepted do not but it is not as good as that between ratings and ac- 
include juniors but in some cases may include boys ceptances. The rating, based upon a brief interview, 
drafted for military service. For the year 1953-54, thus seems to provide a reliable basis for helping stu- 
figures are included (in parentheses) for early accept- dents gain admission to appropriate schools. 


e A PORTABLE MIXTURE CALORIMETER OF 
HIGH ABSOLUTE ACCURACY 


DWIGHT F. MOWERY, JR. 
Ripon College, Ripon, Wisconsin 


Maxy types of portable calorimeters designed to 
measure heats of mixing or neutralization and suitable 
for student use have been described in the literature h 
(1-8). Although the precision of the best of these 
(4, 8) is about 0.2%, the absolute accuracy in neutraliza- 
tion measurements is either not specified (8) or is 
claimed to be about 1%-2% (4). In most cases a 
greater volume of one solution than the other must be i £ 
used. This complicates comparison of student results 
with the literature, which usually records heats of 
neutralization for equimolar quantities of solutions of 
the same concentration. The present equipment was 
designed to provide a more rapid and uniform mixing 
of the solutions and at the same time allow the use of 
equal volumes. It requires only one Beckman thermom- 
a eter upon which both the initial and final tempera- 
tures are read. 

The apparatus, drawn to scale in the figure, consists 
of a Dewar flask (a) of inside dimensions 2?/4 X 7*/, in. 
which is centered, by means of spring clips, in a metal 
jacket (b) whose inside wall is maintained at 25 + 0.1°C. 
by circulating water from a thermostat through a copper 
coil soldered to it. Inside the Dewar flask is a light- 
weight metal bucket supported by glass rods (d) which 

» move up and down with the rotating Lucite dise (g) 
, whose center is cut out to clear the fixed center tube 
: holding the thermometer. The bucket, held up by 
. springs between discs (f) and (g), has a 1-in. hole in the 
bottom which is sealed by a conical plug and silastic 
a gasket (c) attached to glass rod (e). Disc (f), with a ha =~ 
groove for the driving belt, is made of '/:-in. Lucite and 
fits tightly around the outside member of an auto- [ | 
mobile front-wheel bearing. The two rods (d) move Calorimeter for Measurement of Heat of Mixing or Neutralization 
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up and down freely through holes in this disc while the 
two upper ends of rod (e) are fastened securely to it by 
set screws. The inner member of the wheel bearing is 
pressure-fitted to the lower end of a short */,-in. brass 
tube whose upper end is soldered securely into a heavy 
prass plate, fitted with two half-inch rods which are 
clamped to uprights fastened to opposite sides of the 
metal jacket. A */ -in. Lucite plate fastened to the 
underside of the heavy brass plate covers the top of the 
calorimeter but allows enough visibility to work the 
driving belt into position through two holes (not shown) 
in the jacket. Driving power is provided by a smooth- 
starting constant-speed motor clamped to the upright 
rods. 

In operation, one of the solutions to be mixed is 
placed in the Dewar flask and the other in the bucket. 
The calorimeter cover, rotating mechanism, and bucket 
are carefully lowered as a unit and clamped in position, 
rods (d) and (e) having previously been adjusted up or 
down so that the liquid in the Dewar flask is about '/2 
in. below the top of the bucket. The belt is worked into 
the groove in disc (f) and the motor started slowly and 
gradually increased to 80 r.p.m. After 15 min. the 
solutions are rapidly and thoroughly mixed by de- 
pressing glass plunger (h). This pushes down disc (g) 
and submerges the bucket at the same time opening 
the hole in its bottom. A metal spiral on the thermom- 
eter causes a downflow inside and an upflow outside 
the bucket. Two spring latches (z) hold dise (g) and 
the bucket down and springs on (h) return it, when re- 
leased, to its original position out of contact with (g). 
The maximum temperature is usually reached about 1 
min. after mixing thereby making all temperature read- 
ings easy to obtain with accuracy. 


EXPERIMENTAL RESULTS 


In order to test the calorimeter, 203.8 g. (200 ml.) of 
0.5000 M carbonate-free sodium hydroxide (sp. gr. 
1.019) solution from a thermostat at 25°C. was weighed 
into the Dewar flask and exactly 200.0 ml. of 0.51 
hydrochloric, acetic, or citric acid (c.P. reagents at 
25°C.) was delivered from a volumetric flask, each 
delivery being checked by difference in wt. to the 
nearest 0.1 g. The Bureau of Standards certified 
Beckman thermometer used for temperature measure- 
ments was read every 3 min. for 15 min. before mixing 
and every min. for € min. and then every 3 min. for 9 
min. more after mixing, giving a total time for each 
run of 30 min. The clean dry calorimeter was allowed 
to come to thermal equilibrium in the 25° jacket for at 
least 8 hr. before each run. The heats of neutralization 
were calculated in the usual way from large-scale time- 
temperature plots (4). 

Eighteen trials with HCI yielded an average tempera- 
ture increase of 3.165 + 0.003°C. at an average starting 
temperature of 24.89°C. Using the literature value of 
13.65 keal. for the heat of this neutralization, the heat 
capacity of the calorimeter could be calculated as 
33.4 + 0.4 cal./deg. Nine trials using acetic acid gave 
an average temperature increase of 3.105 + 0.004°C. 
at an average starting temperature of 25.00°C. from 
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which the heat of neutralization could be calculated 
as 13.40 + 0.03 kcal. Nine trials using citric acid 
yielded an average temperature increase of 2.949 + 
0.003°C. at an average starting temperature of 24.99°C. 
which gave a heat of neutralization of 12.65 + 0.02 kcal. 
All errors specified are probable errors on the 0.01 level 
of significance using the Student ¢test (12). Heat 
capacities of the salt solutions produced were 0.982 for 
NaCl, 0.985 for NaOAc, and 0.961 for NaH.Cit., all 
being expressed as cal./g. 


Temp. 


coeff. 
Solutions Heat Heat of neut. (kcal. at 25°C.) 
mixed Sp. gr. neut. “ ~ 
with 0.5 26 é Litera- This 
M NaOH 4 ; ture calorimeter 
Standardiza- 


0.51 M HCl 1.0062 —0.0506 13.65(9) 
tion 


0.51 M HOAc 1.0014 —0.0185 13.38(10) 13.40 + 0.03 
0.51 M H;Cit. 1.0378 -—0.0212 12.63(11) 12.65+0.02 


It is clear from the table that the heats of neutraliza- 
tion of acetic and citric acids as determined with this 
calorimeter, using hydrochloric acid for standardization, 
have probable errors of 0.22% and 0.16%, respectively, 
which bracket the most accurate values available in the 
literature. The literature values were corrected to 
25°C. by means of the tabulated temperature coefficients 
calculated from available heat capacity data (13-16). 


ACKNOWLEDGMENT 


The author wishes to commend Byung Cho Kim and 
Rodell Singert for their conscientious efforts in perform- 


ing much of the routine experimental work of this 
paper. 


LITERATURE CITED 


(1) Gruss, A. C., Ind. Eng. Chem., 18, 163 (1926). 
(2) Van Kuooster, H. §., J. Coem. Epuc., 12, 285-6 (1935). 
(3) Von, R. D., J. Am. Chem. Soc., 59, 1516 (1937). 
(4) Livingston, R., anp W. Horwitz, J. Cuem. Epuc., 16, 
287-90 (1939). 
(5) Cameron, I., anp R. H. Wricut, J. Cuem. Epuc., 18, 510- 
12 (1941). 
(6) Parrison, D. B., J. G. anp W. W. Lucasss, J. 
Epuc., 20, 319 (1943). 
(7) TscHaMuier, H., anp E. Ricuter, Monatsh., 80, 510-16 
(1949). 
(8) SLtaBauan, W. H., J. Cuem. Epuc., 33, 519-20 (1956). 
(9) Gucxsr, F. T., anp W. B. “Physical Chem- 
istry,” Ist. ed., American Book Co., New York, 1942, 
p. 323. 
(10) Ricuarps, T. W., anv B. J. Marr, J. Am. Chem. Soc., 51, 
739 (1929). 
(11) Ricuarps, T. W., anp B. J. Marr, J. Am. Chem. Soc., 51, 
740-7 (1929). 
(12) Rossim1, F. D., Editor, “Experimental Thermochemis- 
try,”’ Interscience Publishers, New York, 1956, p. 305. 
(13) Ricnarps, T. W., anp L. P. Haut, J. Am. Chem. Soc., 51, 
731-6 (1929). 
(14) Ricuarps, T. W., B. J. Matr, anv L. P. Hatt, J. Am. 
Chem. Soc., 51, 729 (1929). 
(15) Ricuarps, T. W., anp F. T. Gucker, Jr., J. Am. Chem. 
Soc., 51, 723 (1929). 
(16) Gruespre, L. J., R. H. Lampert, anp J. A. Grason, JR., 
J. Am. Chem. Soc., 52, 3810 (1930). 


t. Cr, 
4 %6 
4 3 
4 81 
6 79 
‘ 
| + 
zation 
8 


A GRADUATE CHEMISTRY COURSE FOR 
TEACHERS IN ELEMENTARY AND 
SECONDARY SCHOOLS' 


Cerrirication laws in several states require the high- 
school teacher to obtain a master’s degree to qualify 
for a permanent license. This pressure forces a great 
number of high-school teachers into graduate study 
without the type of preparation that is characteristic 
of the traditional graduate student. 

Many teachers in Indiana are now engaged in such 
graduate study to meet permanent license require- 
ments, but most of their work is in education, not in 
science. Why? One only needs to look over the 
graduate-level offerings to realize that education courses 
are the only ones available to these teachers. Most 
chemistry departments, as well as those in other 
subject-matter fields, will not consider enrolling these 
people in any graduate courses. In chemistry, for 
example, although they might possibly teach high- 
school chemistry, their background is very limited. 
In fact, only ten states and the District of Columbia 
require more than seventeen semester hours in collegiate 
chemistry for a teaching license. 

Such preparation is not deemed adequate for graduate 
courses in most of our colleges and universities. There 
are many high-school chemistry teachers who have 
done satisfactory graduate work in chemistry, but 
there are many who only meet the minimum require- 
ments. There are even some who are teaching on 
“permits” with no hours of college chemistry. 

Automatically then, some high-school chemistry 
teachers and all others teaching from the kindergarten 
through the twelfth grade are cast into the outer 
darkness (at least as far as chemistry is concerned). 
The only chance they have to learn anything about 
chemistry is on their own or perhaps in some science 
survey courses which often do not include much 
chemistry. 

A rich potential that has been neglected by many 
colleges and universities is the desirability of making it 
possible for all elementary and secondary teachers to 
have some comprehension of the field of chemistry. 
Perhaps this kind of thinking is idealistic or naive; 
but all teachers should have the opportunity to include 
something that involves chemical experience, and call 
it that, in their educational preparation. 

We at Indiana State decided that something should 
be done. Our philosophy is that something about 
chemistry is preferable to nothing at all. With this 

1 Presented before the Division of Chemical Education at the 


130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 
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idea in mind we began to search for some starting 
points, some ideas that might lead to the development 
of a course for these people. It was apparent that 
such work should utilize some of the interesting every- 
day chemical experiences of our potential customers. 
Such a course might serve to develop some interest 
and enthusiasm for chemistry as a science. We are 
very much aware of the lasting effects of the elementary 
and secondary teachers’ interests and enthusiasms on 
their pupils. 


“CHEMICAL CONTRIBUTIONS TO MODERN LIFE” 


“The Chemical Industry *** Facts Book’’? looked as 
though it might serve as a basis for this kind of course. 
With some reservations we initiated an experimental 
course using this handbook as a skeleton outline and 
text. The course entitled ‘(Chemical Contributions to 
Modern Life’ is now in its fourth session. It can be 
taken for graduate or undergraduate credit but is 
specifically for non-science majors. 

The course outline follows the suggested topics in 
the table of contents of the “Facts Book” which are: 
I. History, II. Basic Products, III. Growth and Develop- 
ment, IV. Characteristics and Operations, V. Chemicals 
in Daily Life. 

Topic I involves a consideration of the background 
and development of the chemical industry in the 
Unites States. Here the emphasis is made that our 
society and culture are inextricably tied to the indus 
trial and economic nature of chemistry. It is necessary 
to consider the contributions of some individuals and 
civilizations as this subject is discussed. 

The importance of heavy chemicals, both organic 
and inorganic, and the contributions they make to our 
daily life are briefly taken up in Topic II. 

The contributions of research in terms of new 
products, new jobs and industries, lower prices, in- 
proved products, conservation of scarce materials, and 
development of unused natural resources are discussed 
in “Growth and Development,” Topic III. 

Topic IV involves the peculiar characteristics of the 
chemical industry and some of its unique operations 
Included in this discussion are such items as high 
capital investment, technical service, high obsoles- 
cence, and rapid new growth. Studying the rw 
materials of chemical industry gives numerous opp0l- 

2 “The Chemical Industry *** Facts Books,”’ 2nd ed., published 


by and available from Manufacturing Chemists Association, Inc. 
1625 Eye Street, N. W., Washington 6, D. C. 
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tunities to teach ‘some of the fundamentals which 
might be found in any freshman: chemistry course. 
Demonstrations illustrate the chemical and physical 
properties of well-known materials and help the students 
to recognize the true nature of familiar physical and 
chemica! changes. A distinct attempt is made to use 
the specific, precise nomenclature of chemistry and to 
have the student develop some familiarity with it. 

No discussion of the nature of the chemical industry 
would be complete without some adequate realization 
of the importance of chemical research and develop- 
ment. The topic has developed considerable interest 
and questioning. This is a result of a concerted 
effort to develop some awareness of the attitude, the 
philosophy, the mechanics and the techniques involved 
in research. Stories and illustrations from ‘The 
Genius of Industrial Research,’’* ‘‘An Introduction to 
Scientific Research”* and “The Art of Scientific 
Investigation’’® are guaranteed to develop interest and 
some apparent realization of the real nature of the 
scientific method. 

We emphasize the important role chemical research 
has played in creating new jobs, new industries, and the 
improvement in products and processes which is 
reflected in lower consumer prices. This emphasis 
points out that the chemist and chemical engineer have 
only scratched the surface in their search for new 
materials and knowledge so that there is a never- 
ending demand for individuals with curiosity, imagi- 
nation, honesty, and enthusiasm to meet the tremendous 
demands for scientifically trained personnel. 

The last topic, “Chemicals in Daily Life,’’ develops 
more interest than any of the others. So many 
chemical terms have become part of the layman’s 
language that it is a very natural curiosity. We 
briefly talk about some of the common drugs, medicines, 
fertilizers, pesticides, hormones, foods, and their 
additives, natural and synthetic fibers, flavors and 
perfumes, and try not to miss‘the opportunity to relate 
molecular structure to properties. 


SUPPLEMENTARY REFERENCES 


The fine list of references in the “Facts Book” has 
been extended in order to provide an even wider 
variety. Some are emphasized as sources of informa- 
tion for these teachers to add to their school libraries. 


ARMSTRONG, Epwarp F., LAwRENCE M. MIALL, “Raw Ma- 
terials from the Sea,’’ Chemical Publishing Co., 1946. 

Bearp, CHarugs A., AnD Mary R. Bearp, “The Rise of American 
Civilization,’’? The Macmillan Co., 1930. 

BeEry, Pauuine G., “Stuff,’’ Appleton-Century-Crofts, Inc., 
1936. 

Bortu, Cristy, ‘Pioneer’s of Plenty,’’ Bobbs, Merrill Co., 1939. 

M., anv H. Harton, “Herbert H. Dow,’’ Appleton- 
Century-Crofts, 1951. 

C. C., “Alcoa; An American Enterprise,’ Rinehart & Co., 
ne., 1952. 

Case, Stuart, “Men and Machines,’’ The Macmillan Co., 1929. 

Cuow, ARCHIBALD, AND L. Narr, “The Chemical Revolution,”’ 
Batchworth Press, 1952. 

Curtis, Harry A., “Fixed Nitrogen,’’ Chemical Catalog, 1932. 


*KILLerer, Davip H., Genius of Industrial Research,”’ 
Reinhold Publishing Corp., 1948. 

‘Witson, E. Brigut, “An Introduction to Scientific Re- 
search,’” MeGraw-Hill Book Co., 1952. 

*Bevertpegr, W. I. B., “The Art of Scientific Investigation,’’ 
W. W. Norton, 1951. 
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Driamonp, Frepa, “The Story of Glass,’’ Harcourt, Brace & Co., 
1953. 

DvuBors, J. E., “The Devil’s Chemists,’’ Beacon Press, 1952. 

Dutton, Wiiu1aM §., “DuPont: One Hundred and Fifty Years,”’ 
Scribners, 1942. 

Ervenorr, M. L., “Atomies for the Millions,’’ McGraw-Hill 
Book Co., Inc., 1947. 

FarsBer, Epwarp, “Evolution of Chemistry,’’ The Ronald Press 
Co., 1952. 

Furnas, C. C., “The Storehouse of Civilization,’’ Columbia 
University Press (Teachers College), 1939. 

GuassToNE, SAMUEL, “Sourcebook on Atomic Energy,’’ D. Van 
Nostrand Co., Inc., 1950. . 

Gray, G. W., “The Advancing Front of Medicine,’’ Whittlesey 
House, 1941. 

Hae, Harrison, “American Chemists,’’ D. Van Nostrand Co., 
Inc., 1928. 

Haynes, Wiuiam, “Cellulose, The Chemical that Grows,”’ 
Doubleday, 1953. 

Haynes, Wiiu1aM, “The Chemical Front,’’ Knopf, 1944. 

SILVERMAN, Mitton, “Magic in a Bottle,’’ The Macmillan Co., 
1941. 


Attention is also called to the extensive nature of 
chemical information available in periodicals and 
journals as well as in trade, public relations, and 
advertising publications. 


INDUSTRIAL FILMS 


A number of industrial films are used to emphasize 
some of the typical characteristics of the chemical 
industry as well as to develop an appreciation for the 
chemist’s and chemical engineer’s contributions to 
daily life. The following films are very satisfactory 
and contain little objectionable advertising. 


“The Story of Research,’’ available from E. I. DuPont de 
Nemours and Co., Inc., Motion Picture Distribution, Wilming- 
ton 98, Delaware. 

“‘Welcome to Hercules,’ Advertising Services, Hercules Powder 
Co., Wilmington 99, Delaware. 

“The City that Disappeared,’’ Stanford Research Institute, 
Public Relations Department, Menlo Park, California. 

“The World Nature Forgot,’’ Monsanto Chemical Co., Advertis- 
ing Department, St. Louis 4, Missouri. 

“Glasstown U. 8. A.,’’ Owens-Illinois Glass Co., Public Relations 
Department, Toledo 1, Ohio. 

“Glass for Science,’’ Technical Products Division, Corning Glass 
Works, Corning, New York. 

“Rival World,’’ Shell Oil Co., 624 S. Michigan Ave., Chicago 5, 
Illinois. 

“The Petrified River,’’ Graphic Services, U. 8. Bureau of Mines, 
4800 Forbes Street, Pittsburgh 13, Pennsylvania. 


Modern Talking Pictures Co., which has branches in all the 
large cities, has available the following: 
“Eye to the Unknown,’’ Consolidated Engineering Corp. 
“Fashioning the Future,’’ Universal Oil Co. 
“Steel Frontiers,’’ Republic Steel Co. 


We feel this course has been very successful in that 
many experienced teachers, who have had virtually no 
college science, have enrolled and have shown a develop- 
ing interest in this unknown field. Many have ex- 
pressed appreciation for the opportunity to get some 
science in their graduate programs. The enthusiasm 
of those who have taken the course also is implied by 
the increasing number who have enrolled each time 
it has been given. The Director of our Graduate 
Programs is now recommending this as a most desirable 
course for those with little science background. We 
also feel that we have made satisfactory progress in 
eliminating some of the fears these graduate students 
have about taking a course in science. 


| | 
y 


We realize that the course is far from perfect and 
that there are such unsolved problems as the difficulty 
of adequate coverage of the topic, the lack of oppor- 
tunity to do actual laboratory work, and the need to 
include so much other science that it tends to become a 
general science course. 


However, our original philosopby is still unchanged. 
This is the last and perhaps the only opportunity we 
have to give these teachers who will supply us with our 
future raw material, some brief glimpse of the impor- 
tance and fascination that is chemistry. 


As vue experimental research laboratories of today 
expand into new fields, more and more hazardous 
materials are made and handled by the chemist. Some 
of these materials are highly toxic, some spontaneously 
ignite in air, and some react vigorousiy—sometimes 
even exploding upon shock. The chemist who handles 
these materials in fragile containers exposes himself to 
possible serious injury—perhaps fatal injury—and he 
endangers those around him and risks the possible 
loss of vital and expensive equipment. 

In the research laboratories of Ethyl Corporation, a 
method of protection has been incorporated which has 
given the chemist the utmost confidence and safety in 
handling such materials. Glassware used in experi- 
ments where hazardous materials are employed is 
coated with a flexible vinyl film. This viny] film con- 
sists of a plastisol type PVC resin mixed with a plas- 
ticizer and stabilizer to form a paste which is then 
applied to the glassware by dipping, spraying, or 
“painting.” The paste is then fused into a clear, 
tough, flexible film by heating either with a flame or in 
a convection oven. 

This plastic coating absorbs shock, prevents the 
scattering of glass particles in the event of an explosion, 
and confines the material within the film upon the 


Flexible Film Confines the Contents in Broken Flask 


A TECHNIQUE FOR SAFE HANDLING OF 
HAZARDOUS MATERIALS IN GLASSWARE 


R. L. RAY 
Ethyl Corporation, Baton Rouge, Louisiana 


breakage of the glass. Vision is not hindered by the 
use of this film because the plastic coat is essentially 
optically clear. 

Single objects, such as flasks, can be easily coated in 
just a few minutes; complex systems such as a com- 
plete apparatus setup can be coated, including joint 
to joint seals, with the same ease as a single object. 
Upon completing an experiment, the coating can be 
easily stripped off and disposed of. In cases of ad- 
ditions to an apparatus setup or the repair of a break 
in the film, the plastisol paste can be applied over the 
existing film and the two layers fused together with 
satisfactory results. 

A typical recipe used on glassware at Ethy! Cor- 
poration is as follows: 


100 grams of a plastisol type PVC resin 
60-70 grams of plasticizer (i.e., diocty] phthalate) 
3 grams stabilizer (i.e., organo tin types) 


The above ingredients, all of which are commercially 
available, are mixed together either by hand or by a 
kitchen mixer into a smooth, free-flowing paste. To 
eliminate the entrapped air in the paste, the paste can 
be poured in a thin stream from one container into 
another several times. 

When applying the paste to an object by dipping, a 
film of a fraction of a mil to 30 mil can be deposited 
depending upon the draining time and the rate of 
drawing the object out of the paste. When the desired 
thickness is obtained, the object may be fused in an 
oven at 300°-400°F. for approximately 8-15 minutes, 
depending on the temperature. After the object has 
cooled, the above procedure will result in a tough, 
clear film enclosing the object. 

If the paste is to be fused by the use of a flame, care 
must be taken not to overheat any one area or “burn” 
the surface because of possible development of weak 
spots in the film. For best results, use a wide flame 
held 3-5 inches from the surface. 

The accompanying illustration shows the advantage 
of the protective plastic coating when a flask was 
dropped on a concrete floor. The flask had been coated 
with the above formula and fused in an oven at 350°F. 
for 10 minutes with excellent results. 
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CATION 


Axone methods used for the investigation of reaction 
mechanisms the kinetic isotope effects are of increasing 
importance and should be demonstrated in courses on 
reaction mechanisms, on physical organic chemistry, 
and similar subjects. The discovery of kinetic isotope 
effects in azo coupling reactions (/) provides us with a 
desirable and convenient lecture demonstration. 4- 
Chlorodiazobenzene is reacted with 2-naphthol-6:8- 
disulfonic acid. It can be shown quite readily that. the 
reaction with ‘“‘normal”’ 2-naphthol-6 :8-disulfonic acid 
is six times faster than with 1-d-2-naphthol-6:8-disul- 
fonic acid (ku/kp = 6.4 + 0.3). 


S0,0H 
S\—0e 
\f 
S0;9 Ne 
S—N=N 


$0;9 


In two parallel runs the same volume of a 4-chloro- 
diazobenzene solution is added to equally concentrated 
solutions of 2-naphthol-6:8-disulfonic acid and the 
corresponding 1-d-compound, both in a suitable solu- 
tion of the same buffer. The concentrations and the 
acidity are chosen in such a way that, at room tempera- 
ture, the resulting half-life times are 2 to 20 minutes. 

For the purpose of demonstration, it is convenient to 
prepare the following solutions in advance: 


0.127 g. 4-chloro-aniline (0.001 mole) are dissolved in 3 ml. 
1 N HCI and diazotisized with a solution of 0.069 g. NaNOo. 
7 solution is diluted to a volume of 50 ml. and stored in an ice 
ath. 

The buffer solution is prepared by dissolving 0.78 g. NaH,PO,- 

2H,0, 7.10 g. NasHPO,, and 3.73 g. KCl in 1000 ml. water (ionic 
strength: 0.25). 
The 1-d-2-naphthol-6:8-disulfonic acid can be obtained by 
simple isotope exchange of the normal coupound in D.O: 0.01 
mole recrystallized technical 2-naphthol-6:8-disulfoniec acid 
(bispotassium salt) and 0.005 mole NaOH (>98%) exchanges in 
30 ml. D,O at 70° within 20 hours. The product is neutralized 
with 0.005 mole HCl and isolated by evaporation at reduced 
pressure (11 mm. Hg) and 50°C. For details compare literature 
references (1) and (2). 


During the demonstration proper one dissolves in two 
beakers 0.0005 mole 2-naphthol-6 :8-disulfonic acid and 
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LECTURE DEMONSTRATION OF A KINETIC 
ISOTOPE EFFECT 


HCH. ZOLLINGER 
Institute of Dye Chemistry, University 
of Basle, Switzerland 


0.0005 mole 1-d-2-naphthol-6:8-disulfonic acid, each in 


250 ml. buffer solutions. The beakers are placed against 
a white background; 10 ml. diazo solution is pipetted to 
each solution simultaneously. The strongly colored 
azo compound of the non-deuterated naphthol variety 
will appear at a visibly faster rate. 

This experiment is useful in demonstrating two addi- 
tional phenomena: 

(1) Theoretically, one expects that the color density 
should become the same in both runs after prolonged 
reaction time (1 hour). Actually this is not the case 
because the simultaneous diazo decomposition reaction 
(yielding products which are practi- 
l cally colorless) is more effective in 
the slower run with the deuterated 
compound. The corresponding kinetic 
equation is easily derivable (3). 
| (2) Although this is a demonstra- 
y tion of a hydrogen isotope effect, the 


N dissociation of the C—H— and 
C—D—bond, respectively, has not a 


This is a con- 


measurably slow rate. 
sequence of the fact that this reaction 
\Y4 proceeds in two steps (1-2) via a 
+D® steady state intermediate (A). It 
demonstrates the application 
Bodenstein’s equation (3) (4). 
ky 
Ar—N.® + R—H —___” H—R—N=N—Ar (1) 
ky (A) 
® ke 
+ B—— R—N=N—Ar + HB® (2) 
(B) 
Rate = [Ar—N,.®] [R—H] (3) 
(B) 


Correlations between magnitude of the isotope effect 
and variations in the magnitude k,, kK, and (B) (con- 
centration of base) are discussed elsewhere (/, 4). 
They can be used to demonstrate the influence of these 
parameters on the total rate of the reaction system 
(1-2). 
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ca KENTUCKY CHEMISTRY TEACHERS TAKE A 
LOOK AT THE HUMANITIES 


Av rae beginning of the nineteenth century the old 
controversy between the proponents of the liberal 
arts and the champions of science began to gain in 
significance. Scientists have frequently been accused 
not only of lacking adequate training in the humanities 
but also of being unappreciative of what the humanities 
have to offer. Kentucky chemistry teachers took 
exception to this popular attitude and in a very stimu- 
lating symposium took ‘‘a look at the humanities.” 

Mr. Ford began the discussion by showing how ‘‘The 
Sciences and the Humanities Strengthen One Another.” 
All the arts and sciences exist for one reason—to perfect 
man. The relationship between the humanities and 
the sciences gains significance only when related to the 
individual. There are different ways of knowing. 
Our students should be made aware of this fact and 
should be trained to seek truth by different intellectual 
channels. The big question asked of an education 
should not be, ‘““‘What can a man do?” but, “What 
will it do toa man?” Education must consist of more 
than an accumulation of facts. Especially in the 
present age of specialization students need an intro- 
duction at least to the methods of all branches of 
knowledge. 

Miss Borgman in her address, ‘“‘Good Science Teach- 
ers Need an Excellent Background in the Liberal 
Arts,” stressed the need on the high-school level of a 
well-rounded program in mathematics, English, modern 
languages, and history for the student of chemistry. 
The chemistry teacher himself needs such a background 
to prepare adequately these students who will be our 
future chemistry teachers. Miss Borgman cited the 
recent steps taken by the California Institute of 
Technology, the Massachusetts Institute of Tech- 
nology, and other engineering schools for ‘“‘humanizing”’ 
their programs with classical and cultural courses. 
Also cited was the Bell Telephone Company experi- 
ment in the institute of humanistic ‘studies for its 
executives carried out at the University of Penn- 
sylvania. 

Mr. Boyer discussed “The Educated Layman’s 


1Summary of a Panel Discussion, ‘(Chemistry Teachers Take 
a Look at the Humanities,” at the Spring Meeting of the Ken- 
tucky Chemistry Teachers Association, Ursuline College, Louis- 
ville, Kentucky. Panel leader, Rev. W. A. Wallace, O.P., 
Albertus Magnus Lyceum for Natural Sciences, River Forest, 
Illinois. Other panelists: J. H. Ford, Departments of English 
and Philosophy, Ursuline College, R. Boyer, Department of 
Chemistry, University of Kentucky, Agnes Borgman, Depart- 
ment of Chemistry, Shawnee High School, Louisville, Kentucky. 

* President of the Kentucky Chemistry Teachers Association, 
1955-56. 


SISTER M. CONCETTA WALLER, 0O.S.U.’ 
Ursuline College, Louisville, Kentucky 


Communication with the Scientist.” The problem as 
Mr. Boyer sees it is twofold: the inability of the lay- 
man to understand the scientist and the inadequacy of 
the scientist to convey his message to the layman. 
It is important that the scientist be able to communi- 
cate with the layman, and his responsibility is to make 
efforts to accomplish this rapport. Particularly in 
these days of governmental support of research with 
its concomitant changes in administration and policies, 
the scientist is looking toward the layman for mutual 
understanding and assistance in the promotion of his 
work. The role of the science journalist is becoming 
increasingly important in the American scene. Indus- 
try has taken positive steps in this matter by the 
publication of attractive, well-written, and authorita- 
tive magazines. The science articles appearing cu- 
rently in the Saturday Review of Literature are a timely 
and much-needed contribution toward the establish- 
ment of communication between the layman and the 
scientist. 

In his address, ‘“‘Contributions of the High School 
and College Chemistry Teachers to Combat the 
Growing Spirit of Anti-intellectualism,” Father Wallace 
defined an intellectual as, ‘a wise man . . . something 
that should be produced by our educational system.” 
Such an “intellectual” is formed only through a long 
process that starts with the age of reason. He is one 
who has a general knowledge of all things that men 
can know and yet who can direct this human knowledge 
to a good which transcends the work of this earthly 
sphere in which we live. 

The spirit of the times is a reaction against disci- 
pline and any type of restrictive influence. A prag- 
matic philosophy which has permeated much of our 
modern education has contributed to the growing spirit 
of anti-intellectualism. 

Chemistry, in the vast overview of our intellectual 
heritage, actually represents a very small segment of 
the things known about our universe, and, as compared 
to the other disciplines such as philosophy, chemistry 
had its start fairly late in the intellectual development 
of man. Yet the chemistry teacher can and should 
make a definite contribution to the formation of at 
intellectual. It is his privilege and respcnsibility to 
stress ways of acquiring new knowledge in preference 
to the mere presentation of descriptive matter. The 
providing of a rigorous and exact approach to the world 
in which we live, particularly the non-living world, 
should be the essential contribution of the chemistry 
teacher to combating anti-intellectualism. 

College chemistry students should not only a quit 
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certain knowledge but must also be certain that they 
know that they do know. These students pursuing 
both the sciences and the humanities, understanding 
the contributions of the ages in the various fields, 
will be able to evaluate them and above all will be 


able to put them together into a plan of action which 
will be an intelligent guide for living. 

The presentation of the papers was followed by an 
animated discussion. The audience in general agreed 
with the opinions expressed by the panelists. 


ON THE SECOND ORDER RATE EQUATION 


Tue equation which determines the rate of a second 
order reaction is as follows: 
a 1 b(a — zx) 
where a and b represent the initial molar concentra- 
tions of the two reacting substances, x is the molar 
concentration of the fraction that has reacted in time 
tand k is the velocity constant. 

For the special case where b = a, the corresponding 
equation cannot be readily obtained from the general 
equation, since by substituting b = a we get kt = 0/0 
which is an indeterminate value. The rate equation 
for the special case is therefore derived by integrating 
the initial differential equation 

= k(a — x)? 
the solution of which is 


zx 


a(a — 2) 


Such derivation is very simple yet it should be of in- 
terest to derive this equation from the general equa- 
tion. This has been accomplished by applying the 
theory of limits; three different methods are presented. 


First Method. 


kt = lim 


b(a — x) 
in a(b — x) 


Let us assume a = b + e€ 


ta 
€ a(a— — 2) 


“kt = li ex | 
4s «— 0 all terms except first term will approach 0 and 


\a? — ae — ax a(a—z) 


‘Present address: 630 W. 168th Street, New York. 
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Second Method. 


1 in — 2) 


b—>aa—b 
but according to a theorem in mathematics 


where f(b) and v(b) are functions of b which tend to zero as b 
oat to a and f(b), ¥’(b) are the first derivatives with respect to 


= 2) 
okt = lim a(b — 2) 


Third Method. 
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Proceedings of the 


PERSONAL ITEMS 


The need for keeping experienced teachers in chemis- 
try was evidenced on the return of G. Ross Robertson 
from his year of world travel. He was immediately 
called upon to forego thoughts of retirement and to 
reenlist in teaching organic chemistry at U.C.L.A., 
where he has taught so well for many years. Kenneth 
Trublood has been absent on sabbatical leave from 
U.C.L.A. while pursuing research in England at Oxford 
University. At Pomona College Martin E. Fuller has 
joined the chemistry staff, after completing his Ph.D. 
at M.I.T. He replaces John Mooi, who left Pomona for 
research with the Sinclair Oil Company near Chicago. 
Caltech’s first woman Ph.D., Dorothy Semenow, who 
took her B.A. at Mt. Holyoke, has been teaching at 
Pomona College on a National Science Foundation 
Fellowship. Before this she held a postdoctorate fel- 
lowship at U.C.L.A. 

Donald Noyce of U.C. has been in England and 
Switzerland on a Guggenheim fellowship. The Educa- 
tion and Manpower Committee of the California Sec- 
tion of the A.C.S. has chosen Leo Brewer of U.C. as its 
organizing chairman, with plans for a summer institute 
for high-school teachers. Both Leo Brewer and Ken- 
neth Pitzer collaborated on a revision of Lewis and 
Randall’s classical ‘“Thermodynamics.” Pitzer went 
to Europe as a Guggenheim fellow to complete the rest 
of his sabbatical leave. Other Guggenheim fellows from 
U.C. last year included Henry Rapoport, Isadore Perl- 
man, and Burris Cunningham. James Cason has re- 
vised his “‘Essential Principles of Organic Chemistry,” 
while serving as acting chairman of the chemistry de- 
partment at U.C. 

Mel Gorman of the University of San Francisco spoke 
at Immaculate Heart College, Los Angeles, on the sub- 
ject ‘“The Impact of Modern Science on Religion and 
Philosophy.”’ He is a member of the accreditation com- 
mittee of the Western College Association. Herbert 
Prosser of the same institution guided organic research 
of students who presented papers at the student affili- 
ates meeting of the California Section of A.C.S. 

Sacramento State College hosted the local A.C.S. 
section’s ‘‘Meeting-in-Miniature.”” F. Musselbaum and 
C. R. Hurley presented papers. Hal Draper was 
elected chairman-elect of the A.C.S. section. An addi- 
tion to the staff was Peter Duel, who received his Ph.D. 
from U.C.L.A. 

Additions to the faculty at Cal Poly in San Luis 
Obispo are: Frank Young, with a B.A. from Colorado 
College and Ph.D. from U.C.; Omer Whipple of the 
University of Tulsa, with a B.A. from Dartmouth and 
M.S. from Columbia; and Gerard Franz of Texas 
Tech., with a B.S. from Heidelberg University and 
MS. from Columbia. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


PERSONALITIES AND TRENDS 


San Jose State College plans a summer institute 
directed by Wilbur Strain and supported by the Na- 
tional Science Foundation. Information on modern 
developments in science will be presented to high-school 
teachers for three hours of credit during the regular 
summer session. The fourth annual West Coast Science 
Workshop, under the direction of Arthur Williams, will 
be held at San Jose State College from June 23 to July 
6. A $15,000 grant has been provided for this by the 
Crown Zellerbach Foundation. 

Dorothy Craig of Marlborough School for Girls in 
Los Angeles tells of the successes of her girls in western 
and eastern colleges. Those taking the rigorous eastern 
college board entrance examinations have come through 
with very high records. Mrs. Craig’s fine work as secre- 
tary for various levels of the PSACT is equaled by her 
ability to inspire enthusiasm for our association in its 
members. 

Two staff members were added to the faculty of 
Frenso State College, George Kauffman and Jack 
Abernethy. Kauffman was elected treasurer of the 
local A.C.S. section. On leave this year was Warren 
Biggerstaff, who has been doing research at Sloan- 
Kettering Institute. William Miller has substituted 
for Biggerstaff during his absence. Next year Robert 
Kallo will take a sabbatical leave, but the location is as 
yet undecided. David Clark received enthusiastic re- 
sponse to his appearance on TV in behalf of inspiring 
interest in students in the field of chemistry. A talk on 
the problems of water fluoridation was given to people 
in the Fresno area by Ray Bremner. Ennis B. Womack, 
chairman of the chemistry department, was appointed 
chairman of the nominating committee for state 
PSACT officers. He attended the meeting at U.C.L.A. 
for this purpose. Also, he was elected president of the 
Fresno sub-section of the A.C.S. The Science Fair 
program has received its needed drive and purpose 
through the leadership of Doris Falk. 

Harry E. Redeker will retire this year from San 
Mateo College and go into consulting and research work 
as a chemical engineer. His efforts in behalf of the 
PSACT, particularly his photographic work, will be long 
remembered. 


MEETINGS AND ELECTIONS OF OFFICERS 


A northern section meeting was held in October on 
the campus of Sacramento State College. The principal 
speaker was Leo Brewer of U.C. who spoke on “High 
Temperature Chemistry (2000° and Up).” Much of 
the session was concerned with various aspects of science 
fairs. Speakers included Franklin McPeak, Paul RB. 
Kurtz, Norman Abraham, Louis Alcorta, Herbert 4. 
Young and Melvin O. Fuller. Later, Richard Eastman 
spoke on the subject ‘Keeping Chemistry Teachers 
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Up-to-Date.” A. H. Batchelder and Paul Gakle dis- 
cussed the problem of “The Undergraduate Chemistry 
Training that Industry Wants Its Employees to Have.” 


Arrangements were made by Norris Rakestraw for a 
southern section meeting in November at the Scripps 
Institution of Oceanography in La Jolla. Earl P. 
Wadsworth of San Diego State College talked on 
“Organic Qualitative Analysis—Its Place in the Under- 
graduate Curriculum.” The subject of ‘The Chemical 
Industry of China before 1937” was treated by George 
Bien, Assistant Marine Chemist at the Scripps Institu- 
tion. 

The state PSACT meeting took place at U.C.L.A. on 
February 23. The speakers and topics were: George 
Beadle of Caltech, “Radiation Damage in Heredity’’; 
|. Arthur Marshall of U.S.C., ““Psychopharmacology of 
Tranquilizers’”; Gladys Emerson of U.C.L.A., “Some 
Human Aspects of Nutrition”; G. Ross Robertson of 
U.C.L.A., “An American Professor Looks at Chemical 
Education in the Orient’’; Charles A. West of U-C.L.A., 
“Gibberellins and Plant Growth.” A panel discussion 
on ‘Meeting the Future Manpower Needs” was moder- 
ated by L. Reed Brantley of Occidental College, with 
these panel members: Ernest Levens of the Southern 
California A.C.S. Committee on Education; Gretchen 
Sibley of the Southern California Science Fair; R. 
Nelson Smith of Pomona College; and Stanford Mel- 
bourne of John Marshall High School. 


Officers elected for 1957 are these: 


Southern Section Northern Section 
Clinton Trimble. ....... Chairman...........H. C. Benedict 
G. Ross Robertson...... Chairman Elect... . . . James Ice 
Norman Kharasch......Secretary........... Robert Boydson 
State 
Chairman... . Harold G. Reiber, U.C. at Davis 
5 eee Dorothy Craig, Marlborough School, Los Angeles 
a5 Mel Gorman, University of San Francisco 


THE PROBLEM OF RESEARCH IN OUR 
STATE COLLEGES 

William A. Woods, western representative of the Re- 
search Corporation, cooperated with chemists and 
administrators in our California colleges and univer- 
sities in establishing grants for these people in 1956: 
John Leo Abernethy, Fresno State College; Donald M. 
Balcom, San Francisco State College; Edwin R. Buch- 
man, Caltech; Robert H. Dewolfe, Santa Barbara 
College; Corwin H. Hansch, Pomona College; Robert 
B, Henderson, Long Beach State College; Robert W. 
Isensee and Harold Walba, San Diego State College; 
Daniel Kivelson, U.C.L.A.; Edward Leete, U.C.L.A.; 
and John M. Prausnitz, U.C. 

Some state colleges have taken on grants through 
their local College Foundations. Fresno State is one 
example. Until this year, it was generally believed that 
the State would not accept research grants, particularly 
where equipment was involved, because of the vague 
position of research in the state colleges. Local state 
college presidents do not have the authority officially to 
accept gifts. The law requires advance approval by the 
Directors of Education and Finance. Recently a grant 
was offered to the Fresno State College Foundation, in- 
cluding funds tor the purchase of a precision polarime- 
ter. Although it took over three months for a decision 
to be reached, the gift to the State by the Foundation 
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of the polarimeter was finally accepted. Accompanying 
the acceptance of this item of equipment was this state- 
ment to President Arnold E. Joyal from the Directors 
of Education and Finance: 


Approving the acceptance of this gift does not imply the ap- 
proval of faculty research as a function of the State Colleges. 
Approval is given because the project will be accomplished during 
the faculty member’s own time and will not conflict with his 
regular teaching duties. 


A strong rumor has been fostered by certain elements 
in the State Colleges that the University of California 
is opposed to research in the State Colleges. In order 
to secure an official statement on this matter, because 
of its importance to all teachers in the PSACT and to 
taxpayers in the State of California, a letter was directed 
to President Robert Gordon Sproul, from the author 
as an associate editor of the JouRNAL oF CHEMICAL 
Epucation. His reply was, therefore, prompt on July 
13, 1956: 


Dear Professor Abernethy: 

The statement in your letter of June 29, 1956, that you have 
been informed that the University of California is opposed to 
grants by private organizations to state colleges . . . came as a 
surprise to me. To my knowledge the University of California 
has not taken a position on this matter and I do not believe it is 
one on which the University should take a position. 

Sincerely yours, 
(Signed) Robert G. Sproul 


Those of us who teach chemistry in the State Colleges 
are aware of the liberal attitude of chemistry depart- 
ments at both the Berkeley and Los Angeles campuses 
of the University toward almost any research that can 
be accomplished in the State Colleges. In the instance 
of the grant for work at Fresno State College, it was 
William G. Young, Dean of Physical Sciences at 
U.C.L.A., who suggested in the first place that the Re- 
search Corporation and the National Science Founda- 
tion be approached to secure a grant for this particular 
project. 

The real question, then, would seem to be: Can 
sound graduate work be given toward a master’s degree 
in chemistry, without doing research? Furthermore, 
chemists should be the ones to determine this answer. 
It seems very odd that any sort of decision should be 
reached in these matters on a state level, without con- 
sulting members of the science faculties for advice. 
Not once has such advice been sought in a serious way. 

The topic for discussion at:the last annual Fresno 
State College Faculty Conference at Asilomar, Thurs- 
day through Saturday noon, November 29—December 1, 
1956, has a direct bearing on this matter. The topic 
was “The Master’s Degree Program at Fresno State 
College.’’ Dean Brownell of the School of Education of 
the University of California at Berkeley delivered the 
keynote address. He urged the faculty to make a 
scholarly approach to the matter, with severe intel- 
lectual demands on students who are permitted to pur- 
sue graduate work, and he stated further that a faculty 
engaged in research activities is required for such a 
graduate program. After various stimulating group 
discussions, the faculty convened on Saturday to draw 
up resolutions to be relayed to appropriate authorities 
in the state. Some of the principal points of the resolu- 
tions were these: 
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1. A policy on research should follow the McCon- 
nell report which states: ‘‘At least some faculty mem- 
bers in all college institutions may wish to carry on a 
modest program of investigation or creative work. This 
should not only enrich their teaching but strengthen 
the intellectual climate of the institution as a whole.” 

2. Faculty members directing graduate theses or 
projects should be granted one unit of teaching credit 
for each two students and this credit should be re- 
flected in the teaching load. 

3. Use ought to be made of graduate assistants, in 
strengthening a graduate program without sacrificing 
the undergraduate program. Consideration should be 
given to additional support from both state and private 
sources. 

4. The continued trend toward centralized control 
of the state colleges at the state level is undesirable. 
Therefore, be it resolved that an independent board of 
regents be set up by legislative enactment to administer 
the state colleges. 

President Joyal stated, at a discussion group of the 
science faculty, that we are fighting a winning battle 


with regard to the graduate program. Dean Browne! 
of U.C. made the suggestion to a small group that th 
National Science Foundation should be approached. 
committee could be organized, perhaps including inter. 
ested persons like Glenn Seaborg, to meet with aut!ior- 
ties in Sacramento for a frank presentation of cetajy 
problems pertaining to the present attitude in approach. 
ing the problems of science. In view of the stern ‘om. 
petition apparent in Russia today, a manpower short. 
age could result, severely endangering our nationa! 
security, from a continued indifferent attitude in S:icra. 
mento. Dean Dallas Tueller closed the conference wit) 
a firm note of responsibility and optimism. He siate( 
that the state, so far, has given inadequate support ty 
the graduate program. Also, he stated, ‘‘Our graduate 
problems will grow, not lessen, and we will have to con. 
sider seriously, now, the appropriate measure to in. 
prove our long range program.” 


JOHN ABERNETHY 
Editor of PSACT Proceedings 


FrEsNo StatTE CoLLEGE 
FRESNO, CALIFORNIA 


IN SMALL academic institutions where faculty or student 


help must be used to fill laboratory reagent bottles, the — 


preparation and storage of stock solutions of dilute acids 
and NaOH may present a problem. Large volumes of 
such solutions should be prepared at one time and be 
located where portions may be withdrawn with a 
minimum of time and a maximum of safety. The heat 
generated in the preparation of 6N H.SO, or 6N NaOH 
is sometimes sufficient to crack or break ordinary glass 
containers such as carboys. The use of glazed earthen- 
ware containers eliminates the heat-failure of the con- 


Photograph of Acid Storage Units 
Left to right: Cover removed from one unit showing handle on top and 


“‘guide tabs” extending from base; covered unit; uncovered unit; cover 
being removed from a unit mounted on casters. 


SAFE MIXING AND STORAGE OF ACID OR ALKALI SOLUTIONS 


DOUGLAS G. NICHOLSON 
East Tennessee State College, Johnson City, Tennessee 


taining vessel, but the large open area exposed permits 
considerable opportunity for contamination upon 
standing. Breakage may result from mechanical shock, 
with resulting spillage. The use of Pyrex brand glass 
containers, placed within a metal protective “jacket,” 
successfully solves these problems. 

Non-returnable alcohol drums (32 gallon capacity 
are cut in half by use of an acetylene torch or hack-saw 
to make two open-top cylindrical containers. Re. 
painting with aluminum paint improves the appearance 
Fifty-liter, round-bottom, Pyrex flasks are placed on a 
bed of vermiculite in the steel container. Thus ever 
though the flask should accidentally crack or break, the 
liquid will be retained by the cylinder until it can be 
disposed of properly. A wood frame in the shape of a! 
“X”’ with swivel casters, mounted in the base of the 
half-drum serves as a convenient “dolly’’ for transport- 
ing the entire unit about a laboratory. Steel chest- 
handles may be attached to the half-drum by bolts or 
by welding. In order to protect the upper surface o! 
the glass container from accidental breakage a second 
“half-drum” may be inverted over the unit. Small 
metal tabs, projecting beyond the lower edge of the 
cover, serve as guides and produce a positive fit. 

Mixing and solution of the concentrated alkali 
accomplished by bubbling a brisk stream of air through 
the solution containing a known volume of water and 
the desired amount of solute. Solutions may be with- 
drawn from the containers by gravity or pressul 


syphoning. 
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COMPOUND’ 


Narvrat rubber is a high polymer made up of isoprene 
wits as the building blocks. Modern viscosity 
methods indicate that the natural rubber molecules? 
have an average molecular weight of 1,000,000. This 
means 14,706 isoprene units make up the linear chain. 
An X-ray diffraction pattern of stretched rubber shows 
an ordered structure indicating a cis 1,4 configuration,* 
that is, the isoprene units are joined to each other tail 
tohead to form a long linear chain. 


Unit = 9.13 A 
CH; CH, 
C=CH CH, CH: C=CH CH; CH,--- 
CH. C=CH CH; CH, 
CH; CH; 


Natural rubber comprises about 95% rubber hydro- 
carbon and about 5% of materials consisting of proteins, 
fats, sterols, organic acids, and salts. 

The primary source of all natural rubber is the 
rubber tree Hevea Brasiliensis. Natural rubber la- 
tex “5° is the milk-like liquid which flows from the cut 
in the inner bark. Approximately 100 ml. of normal 
latex (30%—40% total solids) is obtained at each tap- 
ping. Since latex is readily subject to putrifaction as a 
result of bacterial or enzymatic action, it is necessary to 
add a preservative. Ammonia is commonly used for 
this purpose because it can be removed later if the 
necessity arises. Latex is normally shipped as a con- 
centrate of 62.0%-68.0% total solids which is prepared 
by centrifuging or creaming. 

‘Presented at the 289th Meeting of the New England As- 
sociation of Chemistry Teachers, February 9, 1957, at the 
Bradford Durfee Technical Institute, Fall River, Massachusetts. 

* Fiscner, H. L., Sci. Am., 195, 74 (1956). 

*Freser, L. F., anp M. Freser, “Organic Chemistry,” 3rd 
ed., Reinhold Publishing Corp., New York, 1956, p. 848. 

‘Barron, H., “Modern Rubber Chemistry,” D. Van Nostrand 
Co., Inc., New York, 1948. 

*Davis, C. C., J. T. Buaxe, “Chemistry and Technology of 
Rubber,” A.C.S. Monograph No. 74, Reinhold Publishing 
Corp., New York, 1937. 

*“The Vanderbilt Latex Handbook,” R. T. Vanderbilt Co., 
Ine., New York, 1954. 
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= BUILDING A NATURAL RUBBER LATEX 


DALE W. BUTTON 


Globe Manufacturing Company, Fall River, 
Massachusetts 


Natural rubber latex is a complex colloidal system 
consisting of negatively charged particles of rubber 
suspended in a watery medium referred to as the serum. 
Each rubber particle is stabilized by an envelope of 
naturally occurring proteins and soaps adsorbed at the 
rubber-water interface. Electron microscopy’ has 
shown that most of the particles are in a size range of 
0.05 to 0.15 micron. Particles larger than 0.4 micron, 
which comprise about 4% of the total number of 
particles, account for about 85% of the weight of 
rubber present. 

As an article of commerce, natural rubber is imported 
as a preserved liquid concentrate or in the form of 
dried acid-coagulated sheets. Raw natural rubber, 
whether in sheet or latex form, has no particular 
commercial application as such. Raw rubber has low 
physical strength and is easily torn or ruptured. It 
softens badly with the application of heat. Although 
it is elastic to a limited extent, it distorts out of shape 
easily. It has poor solvent resistance. In addition, 
raw rubber is readily deteriorated by atmospheric 
conditions. Charles Goodyear is generally given credit 
for the discovery in 1839 that rubber and sulfur could 
be heated together with the resultant improvement in 
these properties. This discovery was termed vulcani- 
zation and today is commonly referred to as cure. 


BUILDING A NATURAL RUBBER COMPOUND 


The modern rubber products of today were developed 
over a long period of years. Progressive develop- 
ments in rubber compounding** have shown that 
enhanced properties are obtained by vulcanization 
with heat, by control of curing rate with accelerators 
and activators, and by the use of antioxidants to 
retard deterioration. The exact meaning of these 
terms will be defined further. 

Vulcanization. Ina broad sense, vulcanization is the 
term applied to the treatment of raw rubber which 
increases its elasticity and tensile strength, eliminates 
tackiness, and decreases plasticity, solubility in sol- 


7 Wuirsy, G. S., “Advances in Knowledge of Hevea Latex,” 
lecture from summer course on ‘“The Chemistry and Physics of - 
Elastomers,” University of Akron, 1956. 
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vents, and sensitivity to temperature changes. Com- 
monly, vulcanization is effected with sulfur, accelera- 
tors, and heat. Other methods of vulcanization have 
been discovered, such as heating with peroxides, 
selenium, tellurium, nitro compounds, or halogenated 
quinones. This discussion will be confined, however, to 
sulfur vulcanization alone. 

Accelerators. Accelerators are organic chemicals 
which shorten the time required for vulcanization and 
give the rubber desirable properties. They also make 
it possible to obtain optimum physical properties with 
reduced quantities of sulfur. The 7-10 paris of sulfur 
required without an accelerator are reduced to 3 parts 
and less with an accelerator. Modern acceleration 
systems began with the discovery by George Oenslager 
in 1906 that the organic base, aniline, enhanced vul- 
canized rubber properties. Aniline, being toxic, was 
soon displaced by materials safer to handle. 

The accelerators of today consist of materials from 
the classes of aldehyde amines, guanidines, and carbon 
disulfide reaction products such as dithiocarbamates, 
xanthates, thiuram disulfides, and mercaptobenzo- 
thiazole. 

Examples of some accelerators to illustrate the 
various classes are: 


N 
CH: CH: 
HC;—C—OH N 
NH; CH: CH: 
Acetaldehyde 
ammonia 
CH: 
Hexamethylene- 
tetramine 
H 
N— 
lan 
N— 2 
H 
Diphenylguanidine Zine diethyldithiocarbamate 
CH; \s/% 2 
Sodium isopropylxanthate Zine mercaptobenzothiazole 
N—C—SH 
CH; 
Z 
CH; 
Tetramethylthiuram 
disulfide 


Accelerator Activator. It was further discovered that 
zine oxide enhanced the action of many accelerators. 
In fact, the advantage of zinc oxide was so great it has 
resulted in its use with practically all modern acceler- 
ators. Because of its beneficial action, zinc oxide was 
termed an activator. 

Antioxidants. Antioxidants are chemicals which are 


used to retard deterioration of a rubber product. 
Moreau and Dufraisse are credited with the discovery 
about 1918 that certain organic compounds greatly 
retarded oxidation of other organic compounds. They 
termed these materials “antioxygens.”” Today they 
are known as antioxidants. As classes, these materials 
consist of waxes, amines, amine condensation products, 
and phenolics. Examples of some antioxidants illus. 
trating the materials used are: selected waxes from 
petroleum, symmetrical dibetanaphthyl-p-pheny lene. 
diamine and 2,2-methylenebis (4-ethyl-, 6-tertiary. 
buty] phenol). 


Symmetrical dibetanaphthyl-p-phenylenediamine 


OH OH 
H,C. H. C.Hs 
C:H; 


2,2-Methylenebis(4-ethyl-, 6-tertiary-buty: phenol ) 


Deterioration of a rubber vulcanizate occurs as ; 
result of the chemical reaction with its environment, 
usually the atmosphere. Ozone and oxygen are the 
primary factors. Moisture may be another, especially 
in combination with ozone and oxygen. Cross linking 
of the vulcanizate may occur, however, as a self 
reaction in the presence of light or heat in the absence o/ 
other chemicals. The following chemical changes ar 
considered to occur during aging: 

(1) The long molecular chains which form the 
major structure of a linear polymer may be cut into 
smaller chains. This is known as scission. (Depoly- 
merization.) 

(2) The linear chains may be tied together by cros 
links. 

(3) The chemical nature of the side groups along 
the molecular chain may be modified. 

Antioxidants are specific chemicals which are added 
to rubber to retard these deteriorating effects. 


LATEX COMPOUNDING 


Since latex is a liquid rather than a solid, the com- 
pounding system must necessarily be a liquid rather 
than the dry phase. For this reason, water-insoluble 
compounding ingredients in powder form are converted 
to stable aqueous suspensions by grinding in a pebble 
mill with dispersing agents and stabilizers. Ajueous 
suspensions may also be obtained by passing the pre 
mixed slurry of powder, dispersing agent, and water 
through a colloid mill. Water-insoluble liquids such as 
liquid accelerators, and softeners, such as mineral oil, 
are converted into oil-in-water emulsions by use of the 
colloid mill or high speed mixers. Water-soluble 
materials present no difficulty as long as they have »° 
coagulating effect on the latex. 

As we have just previously pointed out, the vu- 
canizing agent, accelerator activator, accelerator, and 
the antioxidant are fundamental to a rubber compound 
The progressive effect of the addition of chemical’ 
from each of these classes to a latex compound ar 
illustrated by an example, Tables 1 and 2.® 
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Portions of the liquid latex compounds described in 
Table 1 are cast on glass plates with raised edges. 
After drying, the films are stripped from the plates, 
dusted with tale, and then cured in a hot-air oven at 
200°F. For the purpose of ‘illustration, two cure 
(vulcanization) times—30 and 60 minutes—and the 
evaluation of tensile strength and percentage elongation 
at the rupture point are quoted. Dumbbell-shaped 
strips are cut out of dried cured films and evaluated on 
the Seott Tensile Tester. By definition, tensile 
strength is the load on the film in pounds per square 
inch at the breaking point. Elongation is the per- 
centage stretch at the breaking point. 

The tensile strength and elongation of the four com- 
pounds listed in Table 1 are given in Table 2 and show 


TABLE 1° 
Ingredients in Compounded Latex Samples 


No. 
1 


Ingredients 
Natural latex (62%) 100 


Potassium hydroxide (10%) 
Ammonium caeseinate (5%) 
Zinc oxide suspension (50% 
Sulfur suspension (50%) 
Setsit No. 5° 
Agerite White (50%)¢ 
* The recipe shows the dry weight of the material added per 
100 parts of latex solid. Actually the compounding is accom- 
plished by blending liquid suspensions. 
Solution of an activated dithiocarbamate type accelerator. 
‘ Symmetrical dibetanaphthyl p-phenylenediamine. 


that vulcanization with zine oxide and sulfur has re- 
sulted in approximately a 25% increase in tensile 
strength and a slight increase in elongation over the 
uncompounded film. The further addition of the 
vulcanization accelerator alone or the vulcanization 
accelerator with the antioxidant has given better than a 
300% increase in tensile strength over the uncom- 
pounded film and a slight drop in elongation. These 
data illustrate the value of the vulcanization acceler- 
ator in obtaining desirable physical properties with a 
short cure time. 

The data of Table 2 demonstrate the ability of latex 
films to withstand deterioration. Since deterioration 
normally results from oxidation, oxidation effect can be 
accelerated by subjecting samples to a 3-hour aging 
period in the air bomb at 80 pounds per square inch 
pressure and 260°F. 


After this treatment, the uncompounded film and the 
one with added zine oxide and sulfur have lost almost 
all of their tensile strength. As shown by elongation, 
the uncompounded film has softened slightly, and the 
film with zinc oxide and sulfur has stiffened slightly. 
The film with vulcanization accelerator added has 
stood up better than the other two, but its air-bomb 
properties are poor in comparison with its unaged 
properties. In contrast, the film with antioxidant 
added has retained approximately two-thirds of its 
original tensile strength, and its elongation has not 
appreciably changed. This illustrates the effective- 
ness of the antioxidant in retarding the deterioration of 
rubber products. 

In addition to the basic compounding ingredients, 
others are frequently added to design the latex com- 
pound for the specific process which it will undergo in 
the manufacture of a commercial product. For this 
reason, latex compounding*** calls for a thorough 
knowledge on the part of the latex technologist of the 
chemical behavior of the compound at the factory 
level. While dry rubber processing is essentially a 
mechanical process, latex processing is essentially a 
chemical process. 

Since the formation of a commercial product from 
latex calls for a change from the liquid to a solid state, 
the latex technologist is interested in the chemical 
properties of coagulation and stabilization. Coagula- 
tion of a latex compound may be brought about by 
reducing the negative charge of the particle, or by 
dehydration. 

Additions of acids, acid salts, bi- and trivalent 
metal ions, cationic surfactants, or a direct electrical 
current may be used to cause coagulation by reducing 
the particle charge. Ordinary drying, removal of 
water by contact with a porous surface, or the addition 
of an organic solvent such as acetone or alcohol may 
be used to cause coagulation by dehydration. 

Stabilization is just the reverse of coagulation, so 
materials are added which increase the particle charge 
and increase the degree of hydration. Soap and pro- 
teins accomplish both of the effects. Certain non- 
ionic stabilizers such as the water-soluble polyeth- 
ylene ethers of fatty acids or alcohols, add to the degree 
of hydration alone. 

Commercial examples of coagulation by dehydration 
are the casting of a latex compound into a porous 


8 Srern, H. J., “Practical Latex Work,’’ 3rd ed., The Black- 
friars Press, Ltd., Leicester, England, 1955. 

* Funt, C. F., “The Chemistry and Technology of Rubber 
Latex,’’ D. Van Nostrand Co., Inc., New York, 1938. 


TABLE 2 
Mechanical Properties of Compounded Latex Products 


No. 1 


No. 2 


No. 4 


Tensile 


Tensile Elonga- 
strength 
(lb. /in.*) 


Duration of 
stre tion 
(Ib. /in.*) (%) 


cure in air 
at 200°F. 


Tensile 


No. 3 
Elonga- 
strength 
(lb. /in.*) 


Tensile 
tion st 
(%) (lb. /in.*) 


Before aging 
30 min. 1600 1030 
60 min. 1650 1090 


After 3 hours in the air bomb at 80 Ib./in.* at 260°F. 
30 min, 125 1100 175 
60 min. 112 1100 155 


2100 
2000 


5230 
4740 


1120 5500 
1130 4900 


3470 
3710 


970 1725 
1030 1200 
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Amounts added* 
No. No. No. 
2 3 4 
a 100 100 100 
Elonga- 
tion 
(%) 
950 910 
990 940 
940 920 
287 


plaster of Paris mold to form a toy; the spreading of a 
latex compound on a belt and subsequent drying to 
form sheet rubber; the dipping of a form into latex 
compound with subsequent drying to produce a 
surgeon’s glove. 

Some examples of coagulation by reducing the 
particle charge are: extruded latex thread where the 
latex compound is coagulated on flowing through a 


Stripping a ‘‘Foamex’’ Cushion from the Pins of the Mold 


glass nozzle into a bath of 30%—40% acetic acid; 
dipped articles which are made by immersing a form 
coated with a coagulant, such as calcium nitrate, into 
the latex compound. Footwear, household gloves, 
flexible toys, toy balloons and drug sundries may be 
made by the dipping process. Foamed latex cushioning 
is another important example of coagulation. This is 
the only process which will be discussed more fully. 


FOAMED LATEX 


Of the processes using natural and synthetic rubber 
latexes, foamed latex outstrips the others by far in 
volume. The 1955 estimated total natural and syn- 
thetic rubber usage by product showed foamed latex in 
third place, representing 5.8% of total consumption of 
rubber. 

The principal use of foamed rubber is as a cushioning 
material for the human body. It is found in the form 
of automotive seating, furniture cushions, mattresses, 
pillows and miscellaneous items. The bulk of present- 
day output is produced by the Dunlop process" which 
consists of beating to a froth a latex compound in which 
some soap has been added as a frothing agent, followed 
by the addition of zinc oxide, and a delayed action 
coagulating agent, sodium silicofluoride. A represent- 
ative natural rubber foam latex compound is illustrated 
by the recipe in Table 3. 

Preserved concentrated natural latex contains 0.60% 
to 0.65% ammonia as received. It is necessary to 
reduce the ammonia content to 0.10%-0.15% in order 
to control the subsequent step of coagulation of the 
frothed latex. The ammoniated caesein acts as a 
latex stabilizer. The antioxidants are symmetrical 
dibetanaphthyl-p-phenylenediamine and Heliozone. 


1 CuapMAN, U. S. Patent 1,852,447 (1932). 


Sulfur is the vulcanizing agent. The accelerators ar 
zine diethy] dithiocarbamate and zine mercaptoben- 
zothiazole. Trimene base enhances to some extent 
the accelerators and also serves as a foam stabilizer 
during coagulation. The mineral oil emulsion impzrts 
a soft, silky feel to the foam surface. 


TABLE 3 
Recipe for Foam Latex Compound 


weight* 


be? ~ atural latex deammoniated to 


.15% 100 161.3 
10% Ammoniated caesein 25 2.5 
50% Sym. dibetanaphthyl-p-phenyl- 

enediamine 1.5 3.0 
50% Heliozone (selected mineral 

wax 2.0 4.0 
50% Sulfur 2.0 4.0 
70% Mineral oil emulsion 3.0 4.28 
50% Zinc diethyldithiocarbamate 1.0 2.0 


50% Trimene base 2. 4.0 


Water is added to adjust the concentration of solids to 
56.5%. The mixture is then matured for 20 hours at 
100°F. It is cooled to room temperature, and the following 
are added: 


50% Zine mercaptobenzothiozale 1.0 2.0 
35% Potassium castor oil soap 2.0 5.7 
50% Zine oxide 3.0 6.0 
50% Sodium silicofluoride 0.5-2.0 1.0-4.0 


* Parts per 100 parts of rubber latex. 
Relative volumes. 


The above formulation is based on natural rubber 
latex alone. Today, however, it is common practice to 
substitute 30, 40, or even 50 parts of the newly devel- 
oped nearly odorless butadiene styrene type latexes. 
The amount used is normally governed by rubber 
prices and processing difficulties. 

For intermittent processing, the proper weight o/ 
latex compound is placed in the beater bowl together 
with the potassium castor oil soap. The compound is 
then mechanically frothed to 8-12 times its original 
liquid volume. The housewife performs an analogous 
operation when she whips egg whites or heavy cream for 
a dessert. In fact, the kitchen type of food beater is 
frequently used when foamed latex development wor: 
is being carried out on a small scale. 

After the desired froth level is reached, the zin 
oxide is added slowly and mixed in, followed by the 
delayed action coagulant, sodium silicofluoride. The 
amount of sodium silicofluoride added is adjusted 
from experience so that the foam sets in 5-8 minutes 
after its addition. In this interval, the foam is poured 
into a mold, and the lid put on to form a cushion, or the 
foam is spread on a tray or belt to form a flat slab 
After the foam has changed from its liquid, pourable 
state to a solid, coalesced mass of rubber foam as 4 
result of the hydrolysis of the sodium silicofluorice, the 
cushion is placed in an oven and vulcanized by means 0! 
steam at atmospheric pressure. After vulcanization. 
the cushion is stripped from the mold, and washed 
several times by alternately spraying with wat:r and 
passing through squeeze rolls. Finally, the cusiion ! 
dried in a circulating hot-air oven or a tunnel drier a 
temperatures up to 180°F. 
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In recent years, the use of batteries of beaters, each 
producing a bowl of foam, has given way to highly 
mechanized mass production units with continuous 
foamers, automatic mold handling equipment, tunnel 
vulcanizing ovens, and tunnel driers. The inter- 
mittent process is confined to small scale production 
where only a few units of a given size cushion are desired. 
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To the Editor: 

Active participation in scientific public relations is 
often neglected by academic scientists. By making 
themselves available to interested pre-college students, 
especially those in junior high school who are making 
career surveys, scientists could offer professional infor- 
mation as well as guidance. For example, the im- 
portance of taking the formal courses in English, 
mathematics, science, and foreign languages while in 
high school could be stressed to add emphasis to the 
schools’ counseling services. Misgivings about a career 
in science arising from the publicity given to instru- 
ments of destruction, exposure to hazards, and the 
fostering of dangerous attitudes and undesirable 
personal contacts could be discussed intelligently. 
Also, the physical scientist’s contributions to biological 
and medical research could be emphasized to the 
students who usually think that only people in the 
medical professions are engaged in these activities. 

Participation in activities associated with the high 
school science fairs by discussing proposed projects 
with students or by aiding them in procuring some 
reagent or piece of apparatus which is not available 
to them makes a good impression. Taking part in 
judging exhibits and in public presentations of awards 
isalso appreciated. These activities bring the students 
into real contact with people whose work and way of 
life they will be sharing soon, affording the opportunity 
to show them that as scientists they will be partici- 
pating in useful and interesting work with ordinary 
people and not peculiar individuals. 


JouHN F. Vozza 


University or Wisconsin Extension Division 
Racing, WISCONSIN 
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To the Editor: 


In the January 1957 issue (p. 40) K. J. Mysels has a 
note under the heading, “The Classification of Crys- 
tals.” Its aim is to correct misconceptions present in 
chemistry texts. His point is well taken, but he fails 
to give an answer that is reasonably simple. 

Crystals have subjective mathematical (“‘crystal’’) 
axes, and objective axes of symmetry. If one wishes 
to classify crystals into systems, this can be done simply 
on the basis of the minimum number of symmetry 
axes present, as follows: 


System 
Isometric 
Tetragonal 
Hexagonal 
Rhombohedral! 
Orthorhombic 
Monoclinic 
Triclinic 

In the above table 2, 3, 4, or 6 represents a 2-fold, 
3-fold, etc., axis of symmetry. Similarly 2, 3, 4, 6, 
represent inversion axes of symmetry (combination of 
symmetry axis with simultaneous inversion). A 1 is 
the same as stating no symmetry, since every solid has 
an infinite number of 1-fold axes. An 1 is the same as 
inversion (7); an 2 is the same as a plane (m for mirror) ; 
an 3 is the same as 37; an 6 is the same as 3/m (that 
is, a 3-fold with a perpendicular plane); only the 4 is a 
unique type of symmetry among the inversion axes. 

This gives a simple way to positively define the 
crystal systems; it is foolproof, if one remembers he is 
dealing with minimum symmetry. Thus in all systems 
except the monoclinic and triclinic, there may be (and 
in most classes is) more symmetry present than the 
characterizing amount listed. Thus as Mysels states, 
the fundamental consideration is the basic symmetry _ 
of the crystal. 


Minimum symmetry 
More than one 3 (or 3) 
One 4 (or 4) and only one 
One 6 (or 6) 
One 3 (or 3) and only one 
More than one 2 (or 2); none higher 
Only one 2 (or 2) or both 
None, or only 7 


D. JEROME FISHER 


DEPARTMENT OF GEOLOGY 
Tue UNIvERsITY oF CHICAGO 


1 The term rhombohedral is not entirely suitable since rombo- 
hedrons are found in only three of the five classes involved. 
However, one or two rhombohedral space groups are present in 
each of these five classes, though from one to six primitive space 
groups also occur in each of them. The term trigonal as used 
in International Tables for X-ray Crystallography (Vol. 1, 
1952) is unsatisfactory, since classes 6 and 6m2 (which contain 
trigonal forms, but which lack rhombohedral space groups) are 
there excluded. 
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THE CHEMISTRY OF THE 
COORDINATION COMPOUNDS 


Edited by John C. Bailar, Jr., Professor 
and Head of the Division of Inorganic 
Chemistry, University of Illinois. A.C.S. 
Monograph No. 131. Reinhold Publishing 
Corp., New York, 1956. x + 834 pp. 
Many figs. and tables. 16 X 23.5 cm. 
$18.50. 


Tue publishers’ statement on the inside 
front cover of this volume describes the 
work as “The most complete, up-to-date 
and thoroughly documented survey ever 
published on the chemistry and uses of co- 
ordination compounds.”’ The editor, in 
his preface, states ‘‘no attempt has been 
made to cover the chemistry of coordina- 
tion compounds completely—to do so 
would require many volumes.”’ Contra- 
dictory though they may seem, this re- 
viewer feels that both statements are es- 
sentially correct. The twenty-three chap- 
ters, by a total of twenty-four contribu- 
tors (including the editor and his editorial 
assistant, D. H. Busch) cover most of the 
major topics into which the subject might 
be divided. 

As is often the case in volumes involving 
different authors for each chapter, the 
writing varies somewhat in caliber but on 
the whole is well done. This must be con- 
sidered a tribute to Professor Bailar since, 
as he states in his preface, all of the con- 
tributors are his former students. As a 
consequence, the attitudes of the various 
authors are largely those of the school of 
inorganic chemistry at the University of 
Illinois. This relationship between au- 
thors, and the obvious care taken in editing 
has resulted in relative freedom from du- 
plication in the content of the various chap- 
ters. At the same time it has resulted in 
de-emphasis of other points of view which 
are also currently in favor. 

Chapter 1 contains an excellent general 
survey of the field and 2, a discussion of the 
early development of the coordination 
theory. The reviewer found the material 
on theory prior to Werner exceedingly in- 
teresting and completely new to him. 
Chapters 3 to 6 inclusive are devoted 
largely to the theory of bonding and stabil- 
ity in various types of complexes. The 
statement on page 22 that the Werner 
postulate of diol bridging to form poly- 
nuclear complexes “has been found un- 
tenable by X-ray analysis’ does not ap- 
pear to be supported by references. The 
recent work of the Sillen school in Sweden 
does tend to support the Werner hypoth- 
esis, a8 does the illustration on page 22. 
Chapters 7-10 consider the important 
problems of isomerism in coordination 
compounds. In the section on solvate 
isomerism, regarding the aggregation of 
basic chromium(III) chloride, it would 
seem important to point out that the more 


260 


recent work of Eyring and Hall indicates 
that aggregation does occur in these sys- 
tems, in contradiction to the data from 
viscosity studies. Chapter 10 on stereo- 
chemistry particularly impressed the re- 
viewer as exhibiting depth of understand- 
ing of the problems encountered in assign- 
ing structures and coordination numbers 
to complex species. 

Chapters 12 on acid-base theory as ap- 
plied to coordination compounds, 13 on 
olation and polymerization in such sys- 
tems, and 14 on the heteropoly acids cover 
this important area of the subject. Chap- 
ters 15-17 are on particular classes of 
complexes. The application of physical 
methods to the study of complexes is dis- 
cussed in Chapter 18, while the concluding 
Chapters 19-23 are devoted to various 
practical applications of the subject: elec- 
trodeposition, analytical chemistry, nat- 
ural products, dyes and pigments and 
water softening. 

In Chapter 20 the definition of an in- 
soluble “inner complex” on p. 672 is much 
more restrictive than elsewhere in the 
book. In fact, the type of inner complex 
defined by these authors is a very special 
class in the much broader category which 
would be designated “inner complexes’’ 
by almost all the other authors of the 
work. It would, perhaps, have avoided 
considerable confusion had some special 
term been applied to this category, or had 
special pains been taken in its definition. 

Even though the various chapters pro- 
vide reasonably good entry into the litera- 
ture it must be noted that even the 5000 
references claimed could not provide com- 
plete coverage. Thus, the work of many 
quite active American workers in the field 
does not appear to be discussed ade- 
quately. There is relatively little space 
devoted to physicochemical data, and al- 
most no quantitative consideration of the 
energetics of complex formation. Simi- 
larly, the thermodynamic and kinetic ap- 
proaches to coordination chemistry are 
mentioned very briefly; very few equilib- 
rium or rate constants are presented. 

It is difficult to define the potential 
audience for the book, since it includes so 
much data. Certainly it should find 
favor with workers in the special fields 
covered by Chapters 19-23; and it will 
be indispensable for any practicing chem- 
ist whose research or other interests in- 
volve coordination compounds. The vol- 
ume does not seem suitable for an under- 
graduate text; apparently it was not 
intended for such use. It could serve 
admirably as a text in a graduate course 
devoted to the descriptive chemistry of 
inorganic coordination compounds. 


LEWIS POKRAS 


Po.yTecunic LNsTITUTE OF BROOKLYN 
Brooxtiyn, New York 


MODERN INSTRUMENTS IN CHEMICAL 
ANALYSIS 


Frank M. Biffen, Research Specialist, 
Johns-Manville Research Center, and Wil. 
liam Seaman, Research Fellow, American 
Cyanamid Co. McGraw-Hill Book Co,, 
Inc., New York, 1956. ix + 333 pp. 
Many figs. and tables. 15.5 X 23.5 cm. 
$7.50. 


Tuts new book appeals to the reviewer 
for several reasons. (1) The title is 
more appropriate than certain others in 
this area have been. Thus, fine analytical 
balances and volumetric ware are not ex- 
cluded, at least by implication, as analyti- 
cal measuring instruments, as various 
authors have done in their “instrumental 
methods of analysis.’”’ (2) The sample 
has not been overlooked. ‘Very often 
the actual preparation of a sample is the 
most tedious and important part of the 
analysis.” (3) The viewpoint of the 
authors is that of experienced analysts 
who have handled materials. They recog- 
nize both that the use of a measuring in- 
strument is inevitable in quantitative de- 
terminations; and “that the chemical 
analysis, usually starting by a chemical 
preparation and ending by a chemical 
deduction, is the all-important factor. . ..” 
Analyzing most polycomponent systems 
usually involves much more than measure- 
ment. The pre-measurement operations, 
such as preparation and adjustment of con- 
ditions, may be the most time-consuming 
and difficult parts of an analysis. 

The stated aim was to include ‘‘those 
methods. . . which in some important 
aspects-are recent enough so that one 
could not assume that the average practic- 
ing analytical chemist or any other inter- 
ested chemist would have learned all that 
should be known about them in school. 
On the other hand, some methods, which 
are currently in the research or develop- 
ment stage, have not been included be- 
cause they are not yet sufficiently well 
advanced to be considered as a practical 
part of the analytical chemist’s tool 
chest.’”” No doubt some, especially teach- 
ers, will question the selection made. To 
teach a balanced course of this kind one 
would want to add comparable material 
for a number of well-established electrical, 
optical, thermal, and other types «! in- 
struments. 

The approach for each method was ‘to 
introduce just sufficient theory to provide 
the reader with the bare minimum neces- 
sary for him to follow intelligently the 
subsequent exposition of the workings of 
the apparatus in question and its ap))lica- 
tion to analysis.” Adequate references 
are provided in each case for additional 
information. 

The methods included, with page «ove!- 


(Continued on page A238) 
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Editors Outlook 


Biochemical research, teaching, and writing have filled the 
career of Roger J. WiiuiaMs, 1957 President of the A.CS. 


MICAL Born of missionary parents in India, his chemical training was 
received in this country, climaxed by a Chicago Ph.D. Oregon 
ecialist, and Oregon State were home until 1939 when he began to do 
id Wil. things in the Texas fashion as Professor of Chemistry and Direc- 
nerican tor of the Biochemical Institute at Austin. Organic and bio- 
1k Co, chemistry classes have been enriched by the textbooks he has 
33 pp. authored. His earlier research resulted in the discovery of 
3.5 om pantothenic acid; more recently his pioneering has been in bio- 
chemical investigation of alcoholism and in the evaluation of 
individual metabolic patterns. 
i . We know that readers of this page will enjoy Dr. Williams’ 
. » comments. The nuances of the successful teacher as well as 
‘ o 7 those of the author of “Biochemical Individuality” are enjoyably 
alytica apparent. 
not ex- 
inalyti- 
various 
mental 
sample 
often 
> is the 
of the 
of the FORTY WAYS TO BE DUMB employees, selecting officials (governmental or other- 
nalysts wise t 
In more years of chemistry teaching than I like to ) mind pat 
‘ing in- admit, I have repeatedly been surprised how students tome which we know so litte except on 8 tral an 
ive de- have exhibited different patterns of mind. ‘Good’ 
students goof badly when you least expect it, and what 
appear to be weak students sometimes ring the bell on a 
some point which you do not expect them to get. ed 
ystems Even more surprising, perhaps, is what happens when ren bility i 
finish their formal schooling. Some “classy” students ‘th B 
suming make less than a mediocre success, while others who had A h 
to plug away to keep up with the class, develop into re 
“those outstanding men in the workaday world. mete equations, may ge 
portant These “mind patterns” would be even more striking nothing, or nearly so, when problems confront him that 
if we were dealing with a random sample of the popula- oe 
inter- tin. As students progress through academic work, 4 ditties t y 
all that there is a large amount of selection. Sometimes I tei d h ad 
think we are guilty of requiring that our students be thie a 
like-minded (if they are not, they become academic dis- ad th rel Pp 
led be- cards) and then after we have put them through the h 
ly well paces and have selected for uniformity we say ‘See A broad and scientific consideration of ioe manpower 
ractical hettmuch alike they art” ‘ problem must involve a realistic consideration of the 
s tool . y . facts which we have been discussing; otherwise we 
J. P. Guilford, a psychologist, gave before the of 
National Academy of Sciences in the fall of 1955, a dividual 
nd one paper based upon multiple factor analysis, in which he tg i poe 
jaterial indicated that there are at least 40 ways in which to every way aD 
ctrical, h : ’ the rest of us could be relied upon to be dumb (or rela- 
uma minds can‘ excel. There are, he says, a small hi 
of in- group of memory factors and four groups of thinking tively so) in every way, the problems of leadership 
factors would be entirely different from what they are. The 
vas “to actors, the latter involving abilities relating to dis- fact is that th 
neces If there are 40 ways of being “smart,” there are intertwined in ell of us. I state this to be s fect, and I 
ly the correspondingly 40 ways of being “ dumb” sel tees af believe it is, yet we have so little definitive information 
ings of on which to base such a statement. Here I come back 
pplice- the facts which makes life interesting is that everyone of in ¢ 
erences us—however smart we may appear to be—is probably d d 
tional in ob detest fow of these wave, begin working seriously on the problem of understand- 


Every problem involving selection of teachers, grad- ing ourselves. 


ing of students, selecting employees, promotion of Roger J. Wittiams 
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COMPOUNDS' 


Anrixnocx compound and tetraethyllead are used 
interchangeably in this paper since tetraethyllead is 
still, 33 years after its first commercial use, the only 
commercially practical antiknock compound. There 
are, of course, several yardsticks for evaluating gaso- 
line quality, including distillation characteristics, vapor 
pressure, etc. Of these, however, the antiknock value 
of a gasoline, as measured by the octane-number scale, 
commands the most interest and attention. This is 
true from both the standpoint of good fuel performance 
and from the point of view of the interest and concern 
that it presents to the refiner, the automobile manu- 
facturer, andthe car owner. Today, the most com- 
monly used and advertised measure of antiknock quality 
is the Research octane number (RON). Unless other- 
wise stated, the antiknock quality referred to in this 
paper is measured in terms of Research octane number. 

The octane number of a gasoline is a measure of its 
antiknock quality or ability to resist detonation during 
combustion. Octane number is measured as_ the 
percentage of isooctane in a blend of isooctane and 
normal heptane which produces the same knock in- 
tensity in the test engine as the gasoline being com- 
pared. Research octane number refers to the octane 
number determined by the Research method test 
(ASTM designation D-908). The Research method 
is used widely by the industry today and is part of 
most gasoline specifications. ? 

1 Presented as part of the Symposium on Chemical Industry 
in the South, before the Division of Chemical Education, at the 
oy Meeting of the American Chemical Society, Dallas, April, 
1956. 

? Octane ratings over 100, are obtained by comparing the knock 
intensity of the test fuel to mixtures of isooctane and tetraethyl- 
lead, using tetraethyllead concentrations up to 6.0 ml./gal. For 
example, a fuel might rate at “iso + 1.5’’ or at the same level as a 
blend of isooctane and 1.5 ml. TEL/gal. Ratings in terms of 
isooctane plus tetraethyllead are then converted to octanes by a 
rather complicated formula: 


1.0 + 0.736T — V1.0 + 1.472T — 0.035216T? 
0.0204T 


Where T = ml. of TEL/U:S. gallon of isooctane and ON = 
octane number. 


The extension scale for octane numbers over 100 has not yet been 
formally established, but this relationship is the one currently 
proposed and most widely used. A series of very informative 
articles on the subject of octanes over 100 can be found in the 
Petroleum Refiner, 35, 162-174 (1956). 


ON = 100 + 


MOTOR FUEL QUALITY AS RELATED TO 
REFINERY PROCESSING AND ANTIKNOCK 


FRANKLIN CONRAD and 
WILLIAM W. SABIN 


Ethyl Corporation, Detroit, Michigan, and 
Baton Rouge, Louisiana 


Figure 1 shows that the antiknock quality of both 
premium and regular-grade gasolines has steadily 
increased over the years (/). The only significant 
dip in the trend toward higher octane numbers occurred 
during the war years when large quantities of tetra- 
ethyllead and gasoline stocks of high antiknock quality 
were diverted to military consumption. The curves 
prior to 1941 are dashed to indicate that Research 
octane numbers have been estimated for this period. 

There are two basic ways of improving the antiknock 
quality of gasoline: (1) by using an antiknock com- 
pound (tetraethyllead), and (2) by employing refining 
processes that chemically or physically alter the com- 
position of gasoline. Both means have been employed 
to raise the antiknock value of gasoline to its present 
level. As will be shown later, both means will continue 
to play vital roles in improving the quality of gasolines 
of the future. These methods of octane improvement 
are inter-related, and will be discussed and developed 
at the same time. 


MODERN REFINERY PROCESSES 


The principal processes for the manufacture of 
modern gasoline are crude distillation and fractiona- 
tion, thermal cracking, thermal reforming, catalytic 
cracking, and catalytic reforming. Figure 2, based on 
data presented by Lyman (2), portrays the relative 
importance of these various processes during different 
periods of time, and includes estimates through 1965. 
As shown in this figure, the trend is toward producing 
gasolines that are composed predominantly of the 
products from catalytic cracking and catalytic reform- 
ing processes. Each process produces a gasoline of 
different antiknock quality and tetraethyllead sus- 
ceptibility. Tetraethyllead susceptibility is the in- 
crease in antiknock value imparted to a gasoline stock 
by the addition of a definite amount of tetraethy!lead. 
The purpose of the sections which follow is to outline 
in chronological order the important aspects of each 
process and to point out the relationship of the product 
of each process to tetraethyllead usage. 

Distillation and Fractionation. The first process to 
be used for the manufacture of gasoline was, of curse, 
crude distillation and fractionation. This process 
involves the separation of crude oil into fractions 
which may be generally described as follows: (I) 
Gas—which includes the propane and lighter |.vdro- 
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carbonsand other gaseous impurities. (2) Straightrun 
gasoline or naphtha—with a boiling range of about 
90° to 400°F. (30°-200°C.) and containing hydro- 
carbons with from approximately 4 to 12 carbon atoms 
per molecule. (3) Distillates—which may include 
jet fuels, kerosene, heating oils and Diesel fuels and 
which may cover a boiling range from about 300° to 
650°F. (150°-350°C.) depending somewhat upon the 
particular products desired. (4) Gas oil—which is, 
generally speaking, in an atmospheric crude distilla- 
tion operation, the material which will distill between 
the gasoline end point and the temperature at ‘which 
cracking begins to take place. This is a boiling range 
from about 400° to 650°F. and is the same boiling 
range as for Diesel fuels and heating oils. Gas oil 
which is not utilized for distillate production is charge 
stock for catalytic or thermal cracking operations. 
(5) Reduced crude or residuum—which is the material 


f both #@ not distilled in the crude distillation operation but 
eadily J@ drawn off as a still bottoms material. 
ificant Straightrun gasoline is generally quite low in anti- 
curred knock quality. However, it demonstrates good tetra- 
tetra- ethyllead susceptibility (increase in antiknock quality 
yuality by the addition of tetraethyllead) and is quite stable. 
curves When straightrun was the sole component of gasoline, 
search TM the basic problem of refiners was the production of 
riod. sufficient gasoline with high enough volatility to satisfy 
iknock f@ engine starting and warm-up requirements. 
k com- Thermal Cracking. The introduction of the thermal 
efining cracking process provided the refiner with the means of 
€ com- considerably increasing the yield of gasoline from 
ployed crude oil and solved the problem of low volatility. 
resent Thermal cracking also provided a method of improving 
mtinue # antiknock quality of gasoline, since thermally cracked 
solines Hi gasoline has better antiknock quality than straightrun 
yement gasoline. However, the octane improvement obtained 
reloped by the use of tetraethyllead in thermally cracked gaso- 
line is not as good as in straightrun gasoline. 
The use of thermal cracking’ introduced another 
problem to the refining industry. The gasoline pro- 
ure of duced from cracking gas oil under the conditions of 
ctiona- fi high temperature (700°-1000°F.) and pressure (200- 
utalytic 1000 p.s.i.) contains many carbon to carbon double 
sed on #@ bonds and consequently tends to be unstable. The 
wo typical reaction is: 
ifferent 
ducing Where 
of the nan’ +n 
sod al The characteristic of instability of the gasoline prod- 
d sus fe Ut caused the industryt considerable trouble in the 
ee 1920’s because of the tendency of the unstable product 
e stock fm © form gum. The problem was eventually solved 
rvilead. by developing economic methods for inhibiting gum 
outline formation in such gasolines 
of each Thermal Reforming. The development of thermal 
product reforming soon followed the use of thermal cracking. 
Thermal reforming is basically the same process as 
scale thermal cracking. The principal difference is the type 
com of material used as feed stock. Thermal cracking 
process processes charge gas oil (400°-650°F. boiling range); 
na ctions whereas, thermal reforming processes use the heavy 
(1) (200°- 40°F.) portion of the straightrun gasoline. 
hvdro- The chemical reactions are complex involving cracking 


of large molecules to yield smaller molecules, polymeri- 
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Figure 1. Trend in Research Octane Number Quality of Gasoline Sold 
in the United States 


zation of the cracked molecules to form branched 
chain molecules, some dehydrogenation and some 
dehydrocyclization. 

The thermal reforming process, which was the first 
to be employed strictly for octane improvement, 
produces substantial increases in the octane number 
value of gasolines by removing the heavy straightrun 
gasoline of low antiknock value (30-50 octane number) 
from the gasoline pool (total production of all grades 
of gasoline) and replacing it with better antiknock 
quality (70-90 octane number) thermal reformate. 
The production of considerable quantities of light 
hydrocarbons (butane and lighter) results in a yield of 


reformed gasoline which may be only 70% to 90% 
of the heavy straightrun gasoline charge. The proc- 


ess, like thermal cracking, is characterized by the 
production of gasoline containing many carbon to 
carbon double bonds. As compared to thermally- 
cracked gasoline, the gasoline produced by thermal 
reforming has about the same susceptibility to tetra- 
ethyllead and equally poor stability. 

Polymerization. The use of thermal-cracking and 
thermal-reforming processes created another problem 
for refiners. Both of these processes produced more 
highly volatile hydrocarbons (three and four carbon 
atoms per molecule) than could be utilized in the re- 
sulting gasoline. Consequently, the polymerization 
processes were developed to convert these volatile 
olefins to material boiling in the gasoline range (90°— 
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A typical polymerization reaction is: 
2 CeHiz 


The first commercialized catalytic process was 
catalytic polymerization. Catalytic polymerization 
is widely used today; however, since the volume of 
feed stock available for such processing is small, this 
process contributes only a small volume to the gasoline 
pool. 

Catalytic Cracking. Catalytic cracking was first done 
on a commercial scale in 1936 (3), and World War II 
brought on its very rapid development and wide accept- 
ance. Like thermal cracking, catalytic cracking pro- 
duces gasoline from the cracking of gas oil. The funda- 
mental reaction is still: 


However, one of the major attributes of catalytic 
cracking is the manufacture of greater proportions of 
isoparaffins and aromatics in the cracking reaction. 
The shift in the type of hydrocarbons present in the 
gasoline results in a gasoline of superior quality as 
compared to the thermal counterpart. Improved 
product yield and distribution also favor the catalytic 
process. Asa result, catalytic cracking has become one 
of the principal ‘work horses” of the refining industry. 
Current-day gasolines contain in the neighborhood of 
30 volume per cent of catalytically-cracked gasoline. 

Catalytic Alkylation and Isomerization. The late 
1930’s also saw the introduction of catalytic alkylation 
and isomerization of light hydrocarbons and of catalytic 
reforming of naphtha as commercial operations in 
petroleum refining. Alkylation and isomerization can 
be mentioned only in passing because they currently 
contribute very little to the volume of automotive 
gasoline production. The principle alkylation reaction 
referred to is the combination of isobutane and butylene 
to form isooctane: 


400°F.). 


© 
+ C=C—C-—C + 


Alkylation does produce a very high quality product 
in all respects. However, because the feed is derived 
from the light hydrocarbons available from other proc- 
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Figure 3. Tetraethyllead Susceptibility Chart 
Fall 1955 Gasoline 


essing, only limited volumes can be produced, and 
this production is still predominantly used in aviatioy 
gasoline. Isomerization has not yet been employed 
for the production of a gasoline component to any 
large degree, mostly because the cost of the process 
is still relatively high for the benefit gained. Thi 
reaction most frequently associated with this process 
is the isomerization of normal butane, pentane, or 
hexane to the respective branched chain isomer, 
such as: 


= 


Catalytic Reforming. The first commercial process 
for catalytic reforming of gasoline stocks was intro- 
duced in 1939 (4). During World War II several other 
reformers were built and operated for the production 
of aromatics needed in the war effort. Since then the 
emphasis has switched to the production of gasoline 
components of high antiknock quality. In many 
cases, aromatics produced in reforming units are 
separated either for sale or for use as special blending 
stocks. 

The growth in catalytic-reforming capacity since the 
war has been one of the outstanding points of interest 
in the petroleum refining industry. Reforming proc- 
esses can be operated to produce a gasoline com- 
ponent of 80 to as high as 100 octane number without 
tetraethyllead from heavy straightrun gasoline feed 
of 40 to 55 octane number. The process produces a 
gasoline which contains high percentages of isoparaffins 
and aromatics, and makes a very desirable gasoline 
component with good stability and antiknock quality. 
A disadvantage of the operation is the resulting loss in 
yield of gasoline (15-20%). 

The chemistry of the catalytic reforming process is 
complex, but involves the following general reactions: 


(1) Dehydrogenation of C; and C, naphthenes to 
aromatics. 

(2) Dehydrocyclization of paraffins and olefins to 
aromatics. 

(3) Hydrocracking to produce saturated hydro- 
carbons. 

(4) Isomerization of paraffins to branched chain 
hydrocarbons. 

(5) Desulfurization. 

This, then, is the situation in which the refiner finds 
himself today. He has a perplexing problem of choos- 
ing the route most suitable to his needs for producing 
the required gasoline quality: most economically from 
the various stocks available, and from the use of tet- 
raethyllead. Present-day gasoline antiknock quality 
can be obtained without the use of an antiknock com- 
pound; however, the use of tetraethyllead gives the 
refiner economic advantages and added flexibility of 
operation. This will become apparent from the fol- 
lowing discussion. 


ESTIMATING COST OF QUALITY IMPROVEMENT 


Figure 3 (an illustration of a tetraethyllead suscep- 
tibility chart) portrays the average octane quality of 
premium gasoline, regular gasoline, and pool gasoline 
(premium plus regular) in the United States in the 
Fall of 1955. The average pool antiknock quality 
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is 91.0 RON at a tetraethyllead concentration of 2.38 
milliliters per gallon (6). The slope of the lines on this 
chart establish the susceptibility (or octane-number 
response) of these gasolines to tetraethyllead. The 
octane improvement obtainable by the use of tet- 
ruethyllead can be read from these lines. Octane im- 
provement attained by modification of refinery proc- 
essing will raise the lines, and may change the slope or 
susceptibility. 

A method has been developed for establishing and 
comparing octane improvement costs. This method, 
which has proved very useful in dealing with the prob- 
lem of producing desired gasoline antiknock quality 
most economically, is based on the use of the unit 
“cents per Research octane number barrel.” Cents 
per Research octane number barrel (¢/RONB) is the 
cost in cents required to raise the antiknock quality 
of one barrel of gasoline by one Research octane num- 
ber. An incremental approach (a comparison of the 
costs of small increments of octane improvement) is 
used to compare the cost of octane improvement via 
various processing means and via_ tetraethyllead. 
Thus, cents per Research octane number barrel is the 
increment of cost in cents required to give an infinites- 
imal amount of gasoline (in barrels) an infinitesimal 
increase in Research octane number. This is analo- 
gous to the slope of a curve relating cost in cents to 
Research octane number barrels of improvement. 

The incremental cost of octane improvement using 
tetraethyllead is determined from the following equa- 
tion: 


_ 42 X e(T + 0.5) 
¢/RONB = — RON) 


where: “c’’ is the cost of tetraethyllead in cents per 
milliliter, ““T’’ is the tetraethyllead concentration in 
milliliters per gallon in the gasoline to which an in- 
crement of tetraethyllead is added, ‘“‘m”’ is the slope of 
the gasoline’s tetraethyllead-response curve when plot- 
ted on the tetraethyllead-susceptibility chart, and 
“RON” is the Research octane number of the gaso- 
line to which an increment of tetraethyllead is added. 
The average cost of octane improvement in the 
United States by the use of tetraethyllead in the Fall 
of 1955 was 4.8¢/RONB (6). This figure is an average 
of the cost for premium and regular grades of gasoline 
and for all of the various grades of gasoline surveyed 
that were being produced in the United States at that 
time. Pool gasolines of individual companies showed 
incremental costs as high as 8¢/RONB or as low as 
2%/RONB. This variation points out that it is im- 
portant for each refiner to know his own octane-im- 
provement costs. 
On an incremental basis, tetraethyllead competes 
ina refinery with processing methods of gaining octane 
improvement. Such processes as thermal or catalytic 
cracking, alkylation, and polymerization cannot be 
considered as primarily octane-improvement proc- 
esses. These processes are used by refiners to make 
gasoline (a valuable product) out of low-value materials 
(not in the gasoline boiling range). Although these 
processes usually result in improvement in antiknock 
quality, they would be economically justified even if 
there were no resulting improvement in octane num- 
ber. However, these processes might compete with 
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tetraethyllead for octane improvement if the operating 
conditions for a specific process were changed with the 


primary purpose to raise octane number. Such changes 
would result in loss of product yield, increased operating 
cost, and/or a change in yield of other products from the 
operation. 

On the other hand, catalytic and thermal reforming 
processes are octane-improvement processes, and can- 
not be justified economically by a refiner on any other 
basis than octane improvement. 

Depending upon the specific situation for'a given 
refinery with catalytic reforming, several processing 
means for gaining an additional increment of octane 
improvement are available. (1) The refiner may 
reform an increased volume of feed stock of a given 
boiling range. (2) He may increase the boiling 
range of the feed stock charged to the reformer, thereby 
increasing the volume of stock reformed. (3) He 
may charge thermally-cracked naphtha to reforming 
in order to upgrade this stock in antiknock quality. 
(4) He may alter the operating conditions of the 
reformer, or he may extract a portion of the product 
from the reforming process which is rich in aromatics 
and then treat the remainder further. The operating 
conditions may be varied by using a higher reforming 
temperature or a lower space rate in order to reform 
a given charge volume more severely, and thus im- 
prove antiknock quality at the expense of yield. When 
these variables in the operation of the process are changed 
solely to obtain antiknock quality, the added cost re- 
sulting from the change of operation competes directly 
with that of tetraethyllead as a means of attaining the 
desired increase in antiknock quality. 

The unit of ¢/RONB as a measure of octane-im- 
provement cost through processing is used as follows. 
Research octane number barrels (RONB) is defined 
as the volume of improved antiknock quality material, 
obtained through processing, times the new octane 
number minus the starting octane number. Thus, 
the cost of a processing change, divided by RONB, 
yields the incremental cost (¢/RONB) of octane im- 
provement through processing. 


Bbls. RON 
Gasoline Pool 10 68 (Starting octane) 
Charged to Reformer -—5 50 
Reformed Naphtha +t 95 


Net Result 9 
(Volume of improved — 
Octane Quality ‘ 
Material 

RONB Improvement = 9(90 — 68) = 198 RONB 
Cost of = $12 
1 


¢/RONB = = 6¢/RONB 


Figure 4. Method of Calculating Incremental Cost of Octane Improve- 
ment Through Processing (¢/RONB) 


90 (New octane) 


For example, consider the case, shown in Figure 4, 
where a refiner has 10 barrels of 68 RON gasoline. 
He separates 5 barrels of 50 RON gasoline, and charges 
it to a reformer which yields 4 barrels of 95 RON 
gasoline. He now has 9 barrels of gasoline of 90 
RON, and the net improvement is 9(90-68) = 198 
RONB. Assuming that this added processing costs 
the refiner $12.00, the incremental octane improvement 
is then: 
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1200 cents 
198 RONB ~ °f/RONB 
Many calculations have been made of costs of im- 
proving antiknock quality by incremental processing 
routes. Because of the number of variables encoun- 
tered and the variation that exists in these variables, 
only generalizations of these costs can be made here. 


¢/RONB 

Current (91 RON Pool) 
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New Reformer 4-5 

Spare Capacity 3-4 

Light Virgin Naphtha or 

Heavy Cracked Naphtha 10-15 

Increased Severity 9-11 
1958 (93 RON Pool) 

TEL 7-8 

Very Severe Reforming 

Extensive Regeneration 

Extraction 

Re-reforming 10-20 


Figure 5. Incremental Costs of Octane Improvement 


Generalizations may, however, give some idea of the 
importance to the refiner of knowing his position with 
regard to octane-improvement methods. Figure 5 
summarizes general octane-improvement costs. It 
should be kept in mind that the current cost of incre- 
mental octane improvement by tetraethyllead is in the 
order of 5¢/RONB. 

A refiner starting up a new reforming unit can obtain 
incremental octane improvement for about 4 to 5¢/ 
RONB. Once the unit is installed, spare capacity can 
be utilized for about 3 to 4¢/RONB, if this capacity is 
used to reform additional heavy straightrun gasoline 
(200°-400°F.). If the additional feed must be light 
straight-run (i.e., 200°-300°F.) or cracked heavy 
naphtha (i.e., 200°-400°F. thermally cracked gasoline) 
the cost may go as high as 10 to 15¢/RONB. Increased 
severity of reforming operations will currently provide 
antiknock quality for about 9 to 11¢/RONB. There- 
fore, at the present time tetraethyllead and catalytic 
reforming are directly competitive in most situations, 
while in special cases tetraethyllead is much cheaper 
than processing. 

After the industry reaches the point of saturation as 
far as reforming of 200° to 400°F. straightrun naphtha 
is concerned and attains an average octane number on 
all grades of gasoline of 93 (98 RON premium, 91 
RON regular), it is expected that the incremental cost 
of octane improvement with tetraethyllead will be 
7 to 8¢/RONB. At that time, however, incremental 
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Figure 6. Tetraethyllead Manufacturing Process 


octane improvement by processing will cost in the 
neighborhood of 10 to 20¢/RONB. These octane 
numbers will be obtained by very severe reforming wit! 
extensive regeneration of catalysts and/or extraction of 
aromatic components and re-reforming of the remaining 
low antiknock quality stocks. Hence, tetraethyllead 
will become increasingly attractive from an economic 
standpoint. 

Conceivably, new and unknown processes or better 
catalysts will be developed which will produce ai- 
ditional octane numbers for less cost. Based upon 
current knowledge, however, it appears that tetra- 
ethyllead will play an increasingly important role in 
octane improvement in coming years. 


TETRAETHYLLEAD MANUFACTURING PROCESS 


The favorable position enjoyed by tetraethyllead in 
improving antiknock quality of gasoline is due, in part, 
to continuous technological improvements in the 
tetraethyllead manufacturing process (7). The follow- 
ing statistics illustrate this point very well. The es- 
timated consumption of tetraethyllead in 1955 was 
32 times that of 1930. By comparison, the estimated 
consumption of motor gasoline was 3!/, times greater 
in 1955 than in 1930. These estimates are based on 
published surveys of tetraethyllead concentrations 
and on estimates of gasoline consumption published 
by the Bureau of Mines. Concurrently, the price of 
tetraethyllead has dropped from $2.75 per pound in 
1926 to $1.75 per pound in 1930 and 60 cents per pound 
at the present time in spite of continually rising ma- 
terial and labor costs. Clearly, such a record is the 
result of effective independent research effort in the 
field of tetraethyllead use and manufacture. 

The tetraethyllead manufacturing process in use to- 
day is integrated and specialized. Figure 6 shows a 
schematic diagram of the manufacturing process. 
Salt is electrolytically decomposed into its elements— 
sodium and chlorine. The sodium is then mixed with 
lead to form an alloy with lead. Chlorine is burned 
with hydrogen to form hydrogen-chloride gas, which 
is then reacted with ethylene to form ethyl chloride. 
The sodium-lead alloy is then reacted with the ethyl 
chloride in autoclaves to form tetraethyllead and 
sodium chloride. Since only a portion of the lead in the 
alloy reacts per pass through the reactor, the unreacted 
lead must be recovered and recycled. On the other 
hand, the sodium chloride from the reaction is too im- 
pure and dilute for economic recovery. 

“Ethyl” antiknock compounds contain several other 
ingredients. Among these are scavengers. Scaven- 
gers are compounds which combine with the lead, re- 
sulting from the decomposition of tetraethyllead in 
the internal combustion engine, to form volatile lead 
compounds which can be carried out of the engine in 
the exhaust gases and prevent the accumulation of 
excessive lead deposits. One scavenging agent, ethyl- 
ene dichloride, is manufactured by the addition of 
chlorine to ethylene. Ethylene dibromide, the other 
scavenging agent, is derived from ethylene and bro- 
mine, the bromine having been extracted from sea 
water. Finally, the tetraethyllead, scavengers, and 
dye are blended in the proper proportions to make the 
“Ethyl” fluid supplied to the refiner. 

This process has been developed to its present stage 
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CATION 


over the last 35 years. Some of the more important 
changes during this time, all of which have contributed 
greatly to the success story of tetraethyllead by in- 
creasing the efficiency of the manufacturing process and 
resulting in cost reductions are: (1) substitution of 
relatively low-cost ethyl chloride for ethyl bromide in 
the alkylation reaction step; (2) increased yields in 
the alkylation step; (3) improvements in the ef- 
ficiency of the alkylation reaction; (4) ethyl chloride 
produced from ethylene rather than more expensive 
alcohol; (5) improved sodium cell operation and 
alloying techniques; and (6) improved economics 
resulting from large scale operation. Future refine- 
ments in the process just outlined may make further 
cost reductions possible. 

A question of the possibility of a new commercial 
antiknock compound is often posed. The prospects 
for the realization of a new antiknock compound are 
better today than ever before for several reasons. 
Extensive effort is being applied and continuous prog- 
ress is being made toward a better understanding of 
why and how engine knock occurs and how an anti- 
knock agent functions to suppress engine knock. As a 
result, we better understand what properties good 
antiknock compounds must possess, what compounds 
best satisfy these requirements, and what methods 
can be applied to produce them most economically. 
Perhaps this intensive effort will some day bear fruit. 

It is only fair, however, to temper the optimism 
expressed in the previous paragraph with an appraisal 
of the competition from tetraethyllead which a new 
antiknock compound must meet. A reasonably ac- 
curate measure of such competition is afforded by a 
comparison of the relative effectiveness of three broad 
classes of compounds (organometallics, amines, and 
hydrocarbons) known to exhibit antiknock charac- 
teristics (8). Such a comparison is shown in Figure 7 
and the very striking effectiveness of tetraethyllead as 
an antiknock agent is again berne out. In fact, it is a 
sound conclusion that if one were to begin all over to 
choose an antiknock compound, the choice would un- 
doubtedly still be tetraethyllead. Thus, it is certain 
that tetraethyllead will continue to play the leading 
role as an antiknock compound for years to come. 
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Figure 7. Relative Effectiveness of Antiknock Compounds 


Representative single-cylinder engine test data Science of Petroleum (1938) 
and Ethyl Corporation unpublished data. 
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A NEw “Museum of History and Techology, to be constructed in Washington for the National 
Museum of the Smithsonian Institution, will contain considerably expanded exhibits in the field 


The plan is to show something of the principles of chemistry in a historical context, to illustrate 
the relationship of research (pure and applied) to industrial chemistry, and to commemorate 


The accomplishment of this depends to a considerable degree upon the ability to exhibit his- 
torically important relics of chemical activity both in teaching and research. The Institution is 
especially interested in locating examples of apparatus used prior to about 1850, and apparatus 
representing historically important researches of more recent times. Any assistance that readers 
can give in this search will be very much appreciated. Information should be addressed to Robert 
P. Multhauf, Acting Head Curator, Department of Engineering and Industries, Smithsonian 
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COMPOUND’ 


Onz of the exciting rewards of research is that occa- 
sionally an experiment will produce a wholly unex- 
pected result, which in turn will open up an entirely 
new area of research. Such was the case in 1951 
when Kealy and Pauson discovered ferrocene? (I) by 
accident (1). These investigators were attempting 
to prepare the hydrocarbon fulvalene (II) by the oxi- 
dation of cyclopentadienylmagnesium bromide with 
anhydrous ferric chloride in ether solution. Instead 


/ 
/ 
\\ 
Z 
\ 


of the expected product, an unusually stable orange 
crystalline compound was isolated for which analysis 
gave the formula FeCyHi. This compound was 
soluble in common organic solvents and was remark- 
ably stable towards acid and base. 

At almost the same time this compound was dis- 
covered by Miller, Tebboth, and Tremaine, who iso- 
lated it from the reaction of cyclopentadiene vapor with 
reduced iron at 300°C. (2). These two nearly simul- 
taneous discoveries were striking in contrast to the 
repeated failures of earlier investigators to prepare 
organometallic compounds containing iron (3, 4). 

Since the initial discovery of ferrocene only five years 
ago, over 100 technical publications have appeared in 
the chemical literature concerning metal-cyclopenta- 
dienyl compounds. Indeed, at the present time, 
cyclopentadiene derivatives of 41 metals and metal- 
loids have been reported. In addition, many metal- 
cyclopentadienyl compounds containing CO and NO 
ligands have been reported. 

It is not the purpose of this article to review this 


1 Opinions expressed are those of the authors and do not neces- 
sarily express the official opinion of the United States Air Force 
or Wright Air Development Center. : 

2 “Ferrocene”’ is now a commonly accepted name for bis-(cyclo- 
pentadienyl])iron(II). The name was suggested by Professor R. 
B. Woodward, who first showed that this compound can be con- 
sidered as a new type of aromatic system. Ferrocene thus em- 
phasizes the analogy to benzene. 
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entire new area of research, but to discuss only the 
chemistry of ferrocene and its derivatives. For further 
information regarding any of the other metal-cyclo- 
pentadieny]! derivatives, it is suggested that the reader 
consult either of two excellent reviews on the subject 
(5, 6), and recent publications by G. Wilkinson, ¢/ ai. 
and E. O. Fischer, et al. 


PREPARATION 


The original synthesis of ferrocene as described by 
Kealy and Pauson illustrates a simple laboratory 
method for preparing this compound (/). These in- 
vestigators suggest that ferrocene is formed, after 
initial reduction of ferric chloride by the Grignard re- 
agent, according to the equation: 


2C;HsMgBr + FeCl, Fe(C;H;)2 + MgBrz + MgCl 


The reaction of reduced iron with cyclopentadiene 
vapor at 300°C., discovered by Miller, Tebboth, and 
Tremaine (2), has not been extensively used, since more 
convenient syntheses have been developed. 

The reaction of cyclopentadiene with ferrous chlo- 
ride in the presence of an organic base was initially re- 
ported to produce only poor yields of ferrocene (7). 


2C;He + FeCl. + 2 Base — Fe(C;Hs;)2 + 2Base-HCl 


By preparing the ferrous chloride in a more reactive 
form and carrying out the reaction without a solvent, 
excellent yields of ferrocene have recently been ob- 
tained by this method (8). 

The reaction of cyclopentadienylmagnesium bro- 
mide with the ferrous acetylacetonate-pyridine com- 
plex in benzene solution has been found to produce ali 
almost quantitative yield of ferrocene (9). 

By bubbling nitrogen through iron pentacarbony! 
and cyclopentadiene separately at room temperature 
and heating the mixed vapors at 250°C., low yields ol 
ferrocene have been obtained (9). If this reaction is 
carried out at lower temperatures in the liquid phase. 
intermediate iron cyclopentadiene-carbonyls can be 
isolated, which in turn may be converted to ferrocene 
by thermal decomposition (/0, 11). 

A novel synthesis of ferrocene has recently been Ie- 
ported which involves a replacement reactioi (/?). 
Sodium acetate, cyclopentadiene, and mercuric cliloride 
are dissolved in methanol and stirred for severa! days 
The precipitate which is formed is filtered, mixe: with 
iron powder, and the mixture covered with tetra)ydre 
furan while stirring. Following a rather vigorous reat 
tion, water is added and the aqueous phase extracted: 
24%-30% yields of ferrocene result. 
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Perhaps the most satisfactory laboratory method for 
preparing ferrocene, as well as many other metal- 
cyclopentadienyl compounds, has been described by 
Wilkinson, et al. (8, 13). Ferrous chloride is reacted 
with eyclopentadienylsodium, using either tetrahydro- 
furan or 1,2-dimethoxyethane as the solvent. 


2FeCl; + Fe > 3 FeCl. 
CsHe + Na ~ C;H;Na + 
FeCl, + 2C;H;Na — Fe(C;Hs)2 + 2NaCl 


By this method, 85%-90% yields of ferrocene can be 
obtained. 

Substituted ferrocenes can be prepared directly by 
the reaction of ferrous chloride with a substituted cyclo- 


, and 


uly the pentadienylmagnesium halide or lithium compound. 
further By this method, Pauson has obtained a series of phenyl- 
l-cyclo- substituted ferrocenes (14). The preparation of bis- 
Teader (indenyl)iron(II) from indenyllithium or indenyl- 
subject magnesium bromide and ferrous chloride represents 
al. another example of the direct synthesis of a substi- 
tuted ferrocene (15, 16). 
a PHYSICAL PROPERTIES AND STRUCTURE 
ped DY 
oratory Ferrocene is an orange crystalline solid, which melts 
in- at 173°-174°C. without decomposition (1, 2). The 
1, after J Vapor pressure of this compound has been measured 
vard re- fg up to 400°C., and a molecular weight of 186 has been 
calculated for the vapor, indicating it is undissociated 
_ and monomeric over the temperature range investi- 
eC: gated (17). From these measurements the normal 
itadiene { boiling point has been calculated to be 249°C. 
th, and Ferrocene is readily soluble in common organic sol- 
ce more #@ vents such as benzene, ether and ethanol. It is in- 
soluble in and unattacked by water, 10% sodium 
us chlo- §@ hydroxide solution, and even boiling concentrated hy- 
ially re- drochlorie acid (1). 
(7). The dipole moment of ferrocene is effectively zero, 
e- HCl and it is diamagnetic. The remarkable thermal 
stability of this compound is indicated by its resistance 
reactl\t Hi to pyrolysis at 470°C. in a nitrogen atmosphere (18). 
solvent, HM The heat of combustion of ferrocene has been de- 
een Ob- Hi termined, and the heat of formation calculated. The 
energy of the iron to carbon bonding plus the resonance 
um bro- Hj energy can be calculated to be 113 kcal. (19). The 
ne com- Mi unusual stability of the compound is in accord with 
duce al thishigh value. 

The ultraviolet spectrum of ferrocene in ethanol or 
carbony! hexane shows maxima at 325 and 404 The 
perature infrared spectrum is strikingly simple. There is a 
yields ©! single sharp absorption peak at 3.274 in the carbon- 
action |S HM hydrogen stretching region, suggesting that all the car- 
d phase. #@ bon to hydrogen bonds in the molecule are equivalent. 
can be Hl There are only four other strong absorption bands, at 
errocellt MM 12.15u, 9.95u, 9.00u, and 7.05u. It is interesting to 

hote that the bands at 9.95u and 9.00u are retained in 
been T Hj all monosubstituted derivatives of ferrocene but dis- 
ou (12). Hl appear when both rings are substituted. This ob- 
chloride “rvation has proved very useful in structural deter- 
ral days Hi minations (14, 20). 
xed with Ferrocene has been postulated to possess a pen- 
ralydro tagonal antiprismatic structural configuration, as il- 
ous yse4 lustrated in structure I. Soon after the discovery of 
xtractey, 


lertoecne, several investigators suggested this struc- 
ture in preference to the structures originally proposed 
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by Kealy and Pauson, structures III and IV (1). 

I 


Wilkinson, et al., suggested the pentagonal anti- 
prismatic structure on the basis of zero dipole moment, 
non-polar nature and single C—H absorption band in 
ferrocene (21). This type of configuration, in which the 
two cyclopentadienyl rings are symmetrical with 
respect to the iron atom, has been appropriately termed 
a “sandwich” structure by these investigators (22). 
Conformation of the pentagonal antiprismatic struc- 
ture of ferrocene has been made by means of X-ray 
crystallographic data (23, 24, 25). 

While the structural configuration of ferrocene 
appears to be certain, the nature of the bonding be- 
tween the iron atom and the cyclopentadieny] rings is 
still in dispute 


AROMATIC CHARACTER 


Many of the chemical transformations which ferro- 
cene will undergo result from the ‘“aromatic’’ char- 
acter of this compound, first demonstrated by Wood- 
ward, et al. (32). These investigators found that 
ferrocene does not react with maleic anhydride in 
boiling benzene and is not hydrogenated when a re- 
duced platinum oxide catalyst is used; such reactions 
are normally successful with polyolefinic substances. 
Furthermore, ferrocene was found to undergo the 
Friedel-Crafts reaction (see below). These facts, to- 
gether with the great thermal stability and resistance 
to acidic reagents, suggested the aromatic character 
of ferrocene. Many other chemical reactions have 
since been carried out which support this viewpoint. 

Friedel-Crafts Reaction. One of the most important 
reactions of ferrocene is its ability to undergo Friedel- 
Crafts acylation. By this method, a variety of fer- 
rocenyl ketones have been prepared (20, 32, 33, 34, 37). 
Ferrocene derivatives in which either one or both 
cyclopentadienyl rings are acylated can be obtained, 
depending on the ratio of the catalyst, acyl halide 
and ferrocene used. 


O 
Fe(C;Hs)2 + RCX —— C,;H;FeC;H,CR + HX 


AICI; 2 
Fe(C;H;), + 2 RCX ———> Fe(C;H,CR), + 


R = Aryl or Alkyl; X = Clor Br 


Although aluminum chloride has been the most 
commonly used catalyst, other catalysts which are 
effective include hydrogen fluoride, stannic chloride, 
and boron trifluoride. Acid anhydrides react suc- 
cessfully to yield corresponding acyl derivatives. 
Attempts to alkylate ferrocene by means of alkyl 
halides and alcohols have produced low yields of mixed 
polyalkylated products (38). 

By a careful chromatographic separation of the re- 
action products of ferrocene, aluminum chloride, and 
acetyl chloride, two isomeric bis-(acetyl)ferrocenes can 
be isolated in the ratio of about 60:1. The major 
product is the symmetrical disubstituted derivative. 
The infrared spectrum and chemical reactions indicate 


269 


‘that in the minor product both acetyl groups are 
attached to one ring (20). 

Arylation with Diazonium Salts. Another example 
of the aromatic nature of ferrocene is illustrated by 
the ease with which it is arylated by diazonium salts 
(37, 40, 41, 42). 

+ 


Fe(C;Hs)2 + Aryl-N2* C;H;FeC;Hy-Aryl + + 


This reaction is especially convenient for the synthesis 
of monoarylferrocenes, although mixtures containing 
bis- and polysubstituted derivatives are sometimes ob- 
tained in low yields Bis-(aryl)ferrocenes can best be 
prepared starting with the corresponding arylcyclo- 
pentadienes (14). 

Arylation can also be accomplished by reacting the 
ferricinium ion, [Fe(CsHs)2]+, with diazonium salts in 
acid media (43), indicating that the formation of aryl- 
ferrocenes probably proceeds by a free-radical mecha- 
nism. Using N-nitrosoacetanilide as the source of 
phenyl! radicals and cyclohexane as the solvent, both 
mono- and bis-(phenyl)ferrocene can be obtained (4/). 


OTHER REACTIONS 


Oxidation. Ferrocene is readily oxidized under a 
variety of conditions to the singly charged cation, to 
which the name “ferricinium ion” has been given (32). 
Oxidizing agents which have been used include air 
(in the presence of acid), halogens, ceric sulfate, an- 
thraquinone or sulfur dioxide in hydrogen fluoride, and 
anodic oxidation (18, 33, 34, 35). Aqueous solutions of 
the cation are dichroic, appearing red when concen- 
trated and blue when dilute. While acidic solutions 
of ferricinium salts are stable at room temperature, the 
addition of excess base produces immediate decompo- 
sition. Reducing agents such as ascorbic acid or zinc 
dust readily reduce ferricinium ion to ferrocene. 

The ease of oxidation of ferrocene has prompted its 
use as a reagent for the reduction of carbonium ions to 
stable free radicals (36). 

Metalation. The metalation of ferrocene has been 
reported by several investigators. The reaction of 
ferrocene with n-butyllithium in ether produces a 
mixture of mono- and bis-(lithio) ferrocene (37, 39). 


n-CyHoLi 
2Fe(C;H;)2 C;H;FeC;HyLi Fe(C;H,Li)2 


These derivatives can react further to produce substi- 
tuted ferrocenes. For example, carbonation and 
acidification produce a mixture of mono- and bis- 
(carboxy)ferrocene. 
Ht 
C;H;FeC;HyLi + co. C;H;FeC;H,COOH 

+ 


Fe(C;H,Li), + CO. ———> Fe(C;H,COOH). 


Both mono- and bis-(triphenylsilyl)ferrocene have 
been obtained in this manner by reaction with triphen- 
ylehlorosilane (39). The reaction of monolithio-- 
ferrocene with o-benzylhydroxylamine produces mono- 
aminoferrocene (40). 


CsH;CH2ON Hz 


C;HsFeC;H,Li C;H;FeC;H,NH: 


The mercuration of ferrocene proceeds readily in 
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either ether-alcohol or glacial acetic acid solution io 
produce a mixture of mono- and bis-(chloromercu:') 
ferrocene (37, 38). 


(1) Hg(OAc)s 
(2) KCI 


Monochloromercuriferrocene can be symmetrized under 
a variety of conditions to produce diferrocenylmercury. 

Aldehyde Condensation. When ferrocene is heated 
in hydrofluoric acid in the presence of aldehydes, e.z., 
formaldehyde or benzaldehyde, condensation products 
are produced which probably are bridged derivatives 
of ferrocene (33, 44). 


2Fe(C;Hs)» C;sH;FeC;H,HgCl + 


HF 
2Fe(C;H;)2 + 2RCHO ——> 
H OR 


R = Hor CoH; 


Miscellaneous Reactions. The reaction of ferrocene 
and lithium in ethylamine proceeds very rapidly, the 
products being metallic iron and cylopentadiene (/5). 
This reaction offers a convenient mild degradation 
which should be useful in studies involving structural 
isomers of ferrocene derivatives. 

The reaction of formaldehyde and dimethylamine 
with ferrocene yields N,N’-(dimethyl)aminomethyl- 
ferrocene (46). 


Fe(C;Hs)2 + HCHO + HN(CHs), 


This tertiary amine reacts with methyl! iodide to pro- 
duce the quaternary ammonium salt, which can under- 
go an ortho-substitution rearrangement to produce the 
2-methyl derivative (V). 


CH;I 
)s] + [- 
liq. NH; 


Mono- and bis-(acetyl)ferrocene may be oxidized by 
means of sodium hypohalite to mono- and bis-(carhoxy)- 
ferrocene, apparently without oxidizing the ferrocene 
nucleus (20, 32). 


O 
NaOX 
C;H;FeC;H,CCH; ———~> C;H;FeC;H,COOH 


NaOX 
Fe(CsH,CCH;)2 ———> Fe(C;HiCOOH )» 
X =Clorl 
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Acylferrocenes gan be reduced to the corresponding 
alkyl derivatives by means of the Clemmenson re- 
duction (20, 38, 47). 


O 
| Zn(Hg). 
C;H;FeC;H,CR cl C;H;FeC;H,CH:R 


| Zn(Hg). 
Fe( C;HiCR Je Fe( C;H )e 


In addition, mono- and bis-(acetyl)ferrocene can be 
catalytically hydrogenated to mono- and bis-(ethyl) 
ferrocene. 

Attempts to halogenate or nitrate ferrocene directly 
have not been successful since under the conditions 
necessary for these reactions ferrocene is readily oxi- 
dized to the ferricintum ion. Nesmeyanov, et al., 
have reported that the ferrocenyl halides can be pre- 
pared by the reaction of a halogen with either mono- 
er bis-(chloromercuri)ferrocene (48). 


X2 
C;H sFeC;H,HgCl C;H;FeC;HyX 


X: 
Fe(C;H,HgCl)2 ———> Fe(C;H4X )2 
X = Brorl 


Curtius rearrangement of the azides of both mono- 
and bis-(carboxy)ferrocene in benzyl alcohol solution 
has been successful. The products are benzy] urethanes 
(20, 47). 


O 
| 
+ CsH;CH,OH 


O 
C;H;FeC;HiN + Ne 
O 


O 
| 
Fe(C;HsCNs)2 + 2 CeHs;CH2OH — Fe(C;H.N + 
Nz 
APPLICATIONS 


One of the most important applications for which 
this unique organometallic has been considered is its 
use as an additive for promoting the smokeless com- 
bustion of fuels (44, 49, 50). Low concentrations of 
ferrocene and its derivatives have a marked effect in 
reducing carbon formation in home heating oils and in 
jet fuels. Furthermore, ferrocene has demonstrated 
significant antiknock properties in fuels for spark 
ignition engines (50). 

Other potential uses for ferrocene and its derivatives 
are based on their behavior as reducing agents, anti- 
oxidants, and as excellent organic carriers of iron in 
high concentration. In view of its catalytic combus- 
tion effects, ferrocene has been suggested as a catalyst 
for various organic reactions. In the paint industry 
the metallic derivatives of cyclopentadiene, including 
ferrocene, are of potential interest as paint dryers, 
pigments, and for use in the formation of primer coats 
for metal surfaces (44, 51). 

With regard to commercial uses for ferrocene-type 
materials it must be readily apparent that only minor 
efforts have been expended thus far. Only a small 
beginning in the exploration of ferrocene chemistry has 


been made, and an almost unlimited future appears 
to lie ahead. 
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Aursoveu most courses in general chemistry treat 
briefly of carbon compounds, many students under- 
taking the study of introductory organic chemistry ex- 
perience at first a sense of disorientation, as though 
they had been suddenly transported to a strange world 
in which none of the familiar rules are applicable. In 
such cases the student’s dysphoria is more properly 
ascribable to misplaced emphasis than to natural 
verities. 

Most inorganic compounds are essentially covalent 
in nature; not all of them, by any means, are ionogenic 
under ordinary laboratory conditions; relatively few 
are essentially ionic (like sodium chloride, for example). 
Yet the average student of general chemistry is con- 
ditioned to think of chemical transformations in terms 
of ionic reactions, and of oxidation-reduction in terms 
of complete electron transfer. His reaction to his first 
serious encounters with organic compounds and their 
behavior too often tends to the opposite extreme, and 
creates the misconception (usually temporary, but 
nevertheless obstructive) that there is in chemistry a 
distinct organic-inorganic dichotomy. Actually, as 
Kekulé took pains to point out a century ago, the 
departmentalization of the science is one of expe- 
diency, based upon relative volumes of subject-matter 
rather than upon fundamental phenomenological dif- 
ferences. 

A truer perspective may be gained by attention to 
some gradations of elementary character which may be 
associated with location in the periodic system. The 
partial periodic arrangement of Figure 1 includes 
most of the elements with which organic chemists are 
commonly concerned. Pauling’s* “electronegativity 


1 The first of two papers on this topic to be published in con- 
secutive issues of the JouRNAL or CuemicaL Epucation. 

2 Slight modifications have been made by William H. Rein- 
muth since the author’s death in June, 1956. These alterations, 
it is hoped, do not change in any way the sense of the original 
manuscript, but any errors of fact or interpretation can be 
ascribed to the overzealousness of the junior author. Address 
all correspondence to William H. Reinmuth, Dept. of Chemistry, 
M.1.T., Cambridge 39, Mass. 
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SOME ASPECTS OF ORGANIC MOLECULES AND 
THEIR BEHAVIOR 


I: Electronegativity' 


numbers” (x) are included in parentheses. 
THE GENERAL ‘“‘ELECTRONEGATIVITY’’ CONCEPT 


The qualitative concept of “electronegativity” has 
been employed by many chemists in ill-defined and 
somewhat varying senses. Pauling‘ at first attempted 
to give the concept semiquantitative status upon the 
basis of deviations from his bond-energy additivity 
rule. The rule (for normal covalent bonds) may te 
stated concisely by means of the equation 


A:B = !/.[A:A + B:B] (1) 


in which the symbols A:B, A:A, and B:B represent, re- 
spectively, the bond energies of the molecules AB, 
As, and Be. 

When the atoms A and B differ significantly in elec- 
tronegativity the covalent bond between them is un- 
symmetrical (as may be suggested by such symbols as 
A: B or A*®-B*+). In such cases the observed energy 
of the A—B bond is greater by an amount A,:x than the 
“additive” value calculated from equation (1). Such 
deviations from the bond-energy additivity rule are at- 
tributed by Pauling to “abnormality” of the covalent 
bond, and are postulated to be proportional in magni- 
tude to the percentage of “ionic character’ possessed 
by the bond. 

If it be further postulated that the dissymmetry of 
the A—B bond and its degree of ionic character are 
proportional to the electronegativity (2x) difference 
between atoms A and B, and that the deviation from 
bond-energy additivity (A,:s) is proportiona! to 
ra—2z, electronegativity differences may be calculated 
by means of the equation 


= a— (2) 


By assigning to the electronegativity (x) of one el men! 
(say, hydrogen) a convenient arbitrary numerical value 


3 Pautina, Linus, “The Nature of the Chemical Bond.’ 2nd 
ed., Cornell University Press, Ithaca, N. Y., 1944, p. 64. . 
‘Pautine, Linus, “The nature of the chemical bon 
The energy of single bonds and the relative electronegati: ity 0! 
atoms,’’ J. Am. Chem. Soc., 54, 3570-82 (1932). 
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Figure 1. 


it is possible to establish a dimensionless numerical 
electronegativity scale. 

Mulliken’ later proposed that an absolute electro- 
negativity scale be based upon the sums of the experi- 
mentally measurable properties of electron affinity and 
ionization potential. These properties may be defined 
in terms of the voltage effects associated with the re- 
spective reactions 


and 


X*++ 


Following this suggestion, and introducing suitable 
constants to bring the two scales of electronegativity 
numbers into closer numerical accord, Pauling has cal- 
culated (and estimated) the values included in the per- 
iodic chart of Figure 1 and in Table 1. 


TABLE 1 
Electronegativities of Some Univalent Elements* 


(U.P. +. electro- 


lonization potential Electron affinity 


number 


ment ev. keal. ev keal. (keal.) (z) 
F 17.422 401.804 4.13 95.250 3.823 4.0 
Cl 12.959 298.873 3.72 85.794 2.959 3.0 
Br 11.844 273.158 3.49 80.490 2.720 2.8 
I 10.44 240.778 3.14 72.418 2.409 2.5 
H 13.595 313.541 0.7157 16.506 2.539 2.1 
Li 5.39 124.410 (0.0) (0.0) 0.957 1.0 
Na 5.138 118.498 (0.0) (0.0) 0.912 0.9 

4.34 100.093 (0.0) (0.0) 0.769 0.8 
Rb 64.176 96.311 (0.0) (0.0) 0.741 0.8 


‘The ionization potential and electron affinity values (in 
electron volts) are those compiled by GeRHaRD HERZBERG, 
“Atomic Spectra and Atomic Structure”’ (translated by J. W. T. 
Spinks), 2nd ed., Dover Publications, New York, 1944, pp. 200-1, 
219. Conversion of electron volts to kilogram lus per 
mole is by application of the factor 23.063. 


This method of defining and evaluating electro- 
negativity is straightforward enough when applied ex- 
cusively to univalent elements. Unfortunately, it 
may be extended to polyvalent elements only with the 
aid of somewhat controversial estimates and assump- 
tions. The values of Figure 1 (other than those for 
the wnivalent elements) must, therefore, be accepted 


* MULLIKEN, Rosert §., “A new electroaffinity scale; 
gether with data on valence states and on valence ionization 
and electron affinities,’ J. Chem. Phys., 2, 782-93 
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Periodic Arrangement of Selected Elements 


tentatively as indicative of qualitative trends in rela- 
tive electronegativities. 

With this reservation in mind, one notes that ele- 
mentary electronegativities increase progressively from 
left to right (i.e., from Group I to Group VII) in the 
horizontal rows of the periodic table. With due con- 
sideration for the unique character of hydrogen, it is 
also observable that, within the several groups, it is 
the general tendency for elementary electronega- 
tivity to decrease from top to bottom of the table 
(i.e., to decrease, within groups, with increasing atomic 
number and atomic weight). 

The optimal placement of hydrogen has always con- 
stituted one of the minor problems of two-dimensional 
periodic arrangement. Some tabulators have partially 
begged the question by assigning to hydrogen a hor- 
izontal row of its own and evading the decision of as- 
sociating it directly with any vertical group. Others~ 
have made it a member of Group I. Still others at- 
tempt the necromancy of having it occupy two places 
(in Groups I and VII) simultaneously. As compro- 
mise of some sort appears inescapable, the present 
writer prefers that which discounts the univalence of 
hydrogen, and assigns the element to extraordinary 
membership in Group IV. 

If its valence of one be charitably accepted as an in- 
dividualistic eccentricity, hydrogen is in other respects 
a congenial member of the group. In the atomic state 
it has (like other members of Group IV) half of its stable 
valence electron shell. Like other members of the 
group, it is relatively negative in its combinations with 
members of Group I, and relatively positive in its com- 
binations with members of Group VII. 

Returning to general consideration of the periodic 
arrangement, one may note that only when differences 
in elementary electronegativity are relatively great 
do the elements combine to form essentially ionic com- 
pounds, as, e.g., in the case of sodium chloride, Na*Cl-. 
When electronegativity differences are somewhat less, 
the union is essentially covalent, though highly polar 
(i.e., possessed of a high degree of ionic character), and 
the compound is strongly ionogenic, as, e.g., in the 
case of hydrogen chloride, H®+Cl’-. When the elec- 
tronegativity difference is nil or very slight, the union is 
covalent and symmetrical (or nearly so), and there is 
no tendency toward ionization under ordinary labora- 
tory conditions, as, e.g., in the cases of the hydrogen 
molecule (Hz), methane (CH,), and silane (SiH,). 

Occupying as it does intermediate positions in the 
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I Il | Il IV Vv VI | vil 
| 1,H 
| 3, Li 4, Be | 5, B | 6, C | 7,N | 8,0 | 9, F 
| (1.0) | (1.5) (2.0) | (2.5) | (3.0) (3.5) (4.0) ; 
|  12,Me | 13, Al | 14, Si | 15, P | 16, | 17, Cl 
(0.9) (1.2) (1.5) (1.8) | (2.1) | (2.5) (3.0) | st 
19, K | 29, Cu | 20, Ca | 30, Zn | | | 32, Ge | | 33, As | | 34, Se | | 35, Br | 
(0.8) (1.0) | } (1.7) | | (2.0) | (2.4) | (2.8) | 
37. Rb | 47, Ag | 38, Sr | 48, Cd | | 50, Sn | | 52, Te | I’ 53.1 | 
| (1.0) | | | (7) | | (2.1) | 24 | 
Pauling’s 
£.A.)/ negativity 


periodic system and the electronegativity scale, it is 
natural that carbon should enter into few, if any, truly 
ionic unions, that its strongly ionogenic compounds 
should be relatively few, and that its usual mode of 
combination with itself and other elements should be 
essentially covalent. 


RELATIVE ELECTRONEGATIVITIES 
OF ORGANIC RADICALS 


All experienced organic chemists know, from con- 
sideration of recorded data, and from personal obser- 
vation, that carbon-to-carbon and carbon-to-hydrogen 
bonds vary greatly in “strength” (i.e., in dissociation 
energy, and presumably also in energy content), and 
that carbon-to-chlorine bonds, for example, differ 
significantly in polarity (i.e., in degree of ionic charac- 
ter). The logical implication, in terms of the electro- 
negativity concept, is that organic radicals vary con- 
siderably in electronegativity. The assignment of an 
electronegativity number to atomic carbon (with which 
the organic chemist, as such, never deals) can at best 
result only in the establishment of a more or less ar- 
bitrary median from which appreciable variations in 
both directions must be expected in ordinary organo- 
chemical practice. 

Unfortunately, there is no generally applicable exper- 
imental technique available for the determination of 
absolute electronegativities of organic radicals in the 
sense of Mulliken’s (loc. cit.5) definition. This is not to 
say, however, that a sufficiently extensive electronega- 
tivity series qualitatively consistent with Mulliken’s 
concept could not be very useful to organic chemists. 

There have, of course, been numerous attempts to 
- establish such series, all of which have been subject to 
criticism, either on theoretical or pragmatic grounds. 
In the opinion of the present writer, the least objec- 
tionable theoretically, the most extensively applicable, 
and the most consistently utilizable of the evaluations 
of relative electronegativities of organic radicals is that 
of Kharasch and co-workers.® 

A description of the method employed may serve as 
an operational definition of the Kharasch concept of 
relative electronegativity. Briefly, the diagnostic op- 
eration consists in the hydrogen chloride cleavage of an 
unsymmetrical organomercurial (RHgR’). When the 
reaction takes place in the sense 


RHgR’ + HCl ~ RHgCl + R’H 


the negative ion that combines with the proton (R’) is 
adjudged to correspond to the more electronegative 
radical of the two. Only in cases in which the relative 
electronegativity difference between radicals may 
reasonably be presumed to be relatively small (as, e.g., 
with CH;HgC.Hs;), is a mixture of organomercuric 
chlorides (RHgCl + R’HgCl) produced. In such 
cases the chloride formed in greater proportion is ad- 
judged to correspond to the less electronegative of the 
two radicals. 

In its applicability, the method is, of course, limited 
to preparable unsymmetrical organomercurials. It is 
further limited in that radicals containing strongly 


6 Kuarascu, M. &., e¢ al., J. Am. Chem. Soc., 47, 1948-54 
(1925); 48, 3130-43 (1926); 54, 674-92 (1982); J. Org. Chem., 
3, 347-54, 409-13 (1938). 
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basic (i.¢., proton-associative) functions give anomalous 
results.” 

When complicating functions are excluded, there 
seems to be no reason to doubt that the reaction mech- 
anism remains the same throughout a series of reac- 
tions—a prime requisite in the establishment of a the- 
oretically significant reactivity series of any kind, 
Moreover, as it may be reasonably assumed that } ro- 
tons and chloride ions (solvated though they undoubt- 
edly are) act as the effective attacking agents, steric 
effects,’ though not eliminated, are close to the irre- 
ducible minimum attainable in bimolecular (or poly- 
molecular) liquid-phase reactions. 

Although many unsymmetrical organomercuria| 
cleavage reactions yield (within the limits of experi- 
mental error) a single set of cleavage products ouly, 
there is in these reactions, potentially, at least, a rate 
competition between two possible courses. Theoret- 
ically, evaluations of relative electronegativity arrived 
at in this manner are based on relative reaction rates. 
Because of the rapidity of these reactions, they do not 
readily lend themselves to the determination of ab- 
solute reaction rates, or of activation energies. 

Nevertheless, relative reaction rates may be related 
theoretically to relative activation energies by means 
of the empirical Arrhenius equation 


k = Ae-E/RT 


in which k is the reaction rate, A is a constant for any 
single reaction at constant temperature, e is the base o/ 
the system of natural logarithms (a constant), F is 
the gas constant, and 7’ is the absolute temperature, 
which may be experimentally controlled as a constant 
throughout a series of reactions. 

For a series of reactions it is preferable to replace the 
Arrhenius constant A with a two-term factor pZ, in 
which, for bimolecular reactions, Z is a collision number. 
For a series of sufficiently like reactions, conducted at 
constant temperature, Z is essentially a constant. The 
term p is sometimes called a “‘probability factor.” It 
may be given physical meaning by supposing that an 
effective collision (i.e., one resulting in reaction) re- 
quires a favorable orientation of reactant particles. 
Favorable orientation has, of course, a steric basis; 
hence p may be regarded as a “steric factor.” 

For a comparison of reaction rates over a series of 
reactions (with, of course, a common reaction mech- 
anism) to have any theoretical significance, it is imper- 
ative that p shall be constant, or very nearly so, through- 
out the series. This condition is fulfilled if inhibitory 
steric effects are relatively small throughout, so that 
deviations from constancy are necessarily small. The 
virtual constancy of p is the crucial implicit assumption 
upon which the Kharasch ordering of relative e!ectro- 
negativities is founded.° 


7 Cf. Kuarascnu, M. §S., anp Sipney Swartz, J. Org. (her. 
3, 405-8 (1938). 

8 Steric effects. Effects on reactivity relatable to the ‘lective 
volume or allied spatial characteristics of a reactant or its con 
ponents. 

® The foregoing argument is developed in this one of several 
optional ways for the specific purpose of avoiding the in \ectio" 
of the concept of entropy into the discussion. However, % 
any significant variations in the entropy (AS) term must be 
almost entirely steric in origin, this simplifying evasion is ' 
garded as justified. 


JOURNAL OF CHEMICAL EDUCATION 


; rel 
wh 
ful 
the 
rel 
an 
reg 
lar 
| 
ica 
4 tha 
ove 
SOU 
! 
bre 
; 
| 
/ ma 
eve 
: din 
con 
35, 
| the 
| | Acar 
| 
586. 


nal yus 


there 
mech- 
reac. 
a the- 
kind, 
pro- 
doubt- 
steric 
irre- 
poly- 


reurial 
2x peri- 
only, 
a rate 
1eoret- 
rived 
rates, 
do not 
of ab- 


‘elated 
means 


or any 
yase of 
R is 
rature, 
nstant 


wee the 
pZ, in 
umber. 
ted at 

The 
hat an 
mn) re- 
rticles. 
basis: 


ries of 
mech- 
imper- 
rough- 
hitory 
that 

The 
nption 
leetro- 


Chem., 


{fective 
ts com- 


several 
jection 
ver, as 
nust be 
is Te 


‘ATION 


When the requirements thus specified are met, there 
remain but two variables (one on each side) in the 
Arrhenius equation, and one may write 


k = f(—E) 


which is to say that the reaction rate is an inverse 
function of the activation energy of the reaction, and, 
therefore, that relative reaction rates are determined by 
relative activation energies. 

Whereas reaction activation energies are theoretically 
connectable with reactant bond dissociation energies, 
and, in the case of heteropolar (i.e., essentially ionic) 
reaction, with bond polarities, and, whereas bond po- 
larities are relatable to relative electronegativities, the 
Kharasch relative electronegativity scale is theoret- 
ically justifiable provided that the implicit assumption 
that steric effects are relatively small and nearly constant 
over a series of reactions is valid. 

The pragmatic justification of the scale must be 
sought in its utility. A selected list of organic radicals 


© A limited illustration of the utility of the scale is to be 
found in a series of articles by M. S. Kuarascu, Otto RErn- 
MUTH, AND F. R. Mayo, J. Cuem. Epuc. 5, 404-18 (1928); 
8, 1703-48 (1931); 11, 82-96 (1934); 13, 7-19 (1936). 


arranged in order of decreasing relative electronegativity 
on the Kharasch scale is presented in Table 2. 


TABLE 2 
Order of Decreasing Electronegativity of Selected 
Organic Radicals 
Radical Radical 


name formula 


p-Anisyl 
thyl 
p-Toly 
m-Tolyl 
p-F luoropheny! 

henyl 
m-Fluoropheny! 
p-Chloropheny! 
m-Chloropheny! 
Methyl 
Ethyl 
n-Propyl 
Other primary alky] 
Isopropyl (CH;),HC— 
Benzyl! CsH;sH;,C— 
t-Butyl (CH; 
Benzhydryl (C,H; 
Trityl (CoH; )sC— 


AN EFFICIENT CHEMILUMINESCENT SYSTEM 
AND A CHEMILUMINESCENT CLOCK REACTION 


Exerey in the form of visible light is emitted by 
many chemical reactions at room temperature;! how- 
ever, only two reactions have been found that are 
markedly chemiluminescent. These are oxidation re- 
actions of the phthalic hydrazides and of the biacri- 
dinium salts.2- The various phthalic hydrazides differ 
considerably in their ability to yield light, the 5-amino 
derivative, luminol, being the most efficient.*? The 
chemiluminescence of this compound has been studied 
extensively in the past, and in all of the systems that 


oO 


NH 


H2N | 
O 


Luminol: 5-Amino-2,3-dihydro-1,4-phthalazinedione 
I 


‘ Footnote 2, and also AupuBERT, R., Trans. Faraday Soc., 
35, 197 (1939). 

* Background material and general references can be found in 
the following review articles. ANpEerRscN, R. S., Ann. N. Y. 
Acad. Sci., 49,337 (1948); Simpson, J. C. E., “The Chemistry of 
Heterocyclic Compounds—-Condensed Pyridazine and Pyrazine 
Rings,’’ Interscience Publishers, Inc., New York, 1953, p. 153; 
see footnote 4 also. 


- Drew, H. D. K., anp F. H. Pearman, J. Chem. Soc., 1937, 
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EMIL H. WHITE 
The Johns Hopkins University, Baltimore, Maryland 


have been devised, the oxidation of an alkaline solution 
of luminol is involved. Three types of oxidants have 
been used: (1) Hydrogen peroxide-metal ion mixtures 
(e.g., traces of iron or copper in the form of their 
chelates). The light observed in “metal-free” systems 
is due in large part to the trace amounts of iron, etc., 
in the hydroxides used and on the surfaces of the re- 
action flasks. (2) Hydrogen peroxide-oxidizing agent 
mixtures (e.g., NaOCl or K;Fe(CN).). (3) Potassium 
ferricyanide-oxygen mixtures.‘ The nature of these 
systems strongly suggests that free radicals are involved, 
and indeed, in the presence of radical reactants such as 
hydroquinone, no light is emitted. Little more than 
this is known about the chemical processes involved. 

The following two systems were developed during a 
study of the mechanism of chemiluminescence. The 
brilliance possible with the first system and the ‘“‘clock”’ 
nature of the second recommend their use as demon- 
strations. 


AN EFFICIENT CHEMILUMINESCENT SYSTEM 


In order to study the chemiluminescent reactions at 
low temperatures, modifications were made of the above 
systems. It was found, for example, that alkyl 


* WILHELMSEN, P. C., R. Lumry, anp H. Eyrina, “The Lu- 
minescence of Biological Systems,’’ American Association for the 
Advancement of Science, Washington, D. C., 1955, p. 77. 
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hydroperoxides could be used in place of hydrogen 
peroxide if iron-polyamine®’ catalysts were used. 
Copper is not a catalyst for this system. Furthermore, 
acetone or methanol could be used as the solvent in 
most of these cases. The most striking change in the 
reaction occurred, however, when dimethyl sulfoxide 
((CH;)2SO) was used as the solvent. In this case, 
oxygen alone serves as the oxidizing agent, and the 
light evolution is far superior to that of the aqueous 
systems. 

For demonstration purposes, 70 g. of KOH, 60 ml. 
of dimethy] sulfoxide which has been dried with sodium 
sulfate, and 0.1 g. of luminol are placed in a 1000-ml. 
flask. Tetramethylammonium hydroxide can also be 
used; whereas, NaOH and NaNH: are less satisfactory 
and amines are ineffective. The flask is stoppered and 
shaken. At first, the surface of the KOH pellets 
glows brightly. Eventually the solution becomes 
brighter than the pellets, reaching a maximum bright- 
ness in 1-2 minutes. A brighter light can be obtained 
if the flask is first filled with oxygen instead of air. If 
larger amounts of luminol are used, the solution 
becomes dark when the shaking is stopped and only the 
surface in contact with oxygen remains bright. The 
solution becomes bright again on renewed shaking. If 
oxygen or air is admitted occasionally, such systems can 
be used intermittently for days. The color of the 
light emitted can be changed by addition of dyes to the 
reaction mixture. 


A CHEMILUMINESCENT CLOCK REACTION 


This reaction is based on the aqueous chemilumines- 
cent system containing luminol, hydrogen peroxide, 
ammonia, and copper. The latter can be added as 
copper(II), copper(I), or copper metal; in each case, 
the solution becomes deep blue in color due to the 
presence of Cu(NH;),++. If copper wire is lowered 
into a solution of the other reagents, only the surface 
of the wire glows at first; later, enough copper has 
dissolved so that light is produced throughout the 
solution. Cyanides stop both the light emission and 
the decomposition of the hydrogen peroxide, but only 
temporarily. The role of the cyanide ion is more 
apparent when potassium copper (I) cyanide’ is used as 
the source of copper. An aqueous solution of luminol, 
hydrogen peroxide, ammonia, and the complex cyanide 
remains invisible in the dark and colorless in visible 
light for a predictable time interval; then, suddenly, 


5 For the use of similar systems in polymerization, see EMBREE, 
W. H., R. Spoutsxy, anp H. L. Wiuxiams, Ind. Eng. Chem., 43, 
2553 (1951). 

6 The usefulness of dimethyl sulfoxide in chemiluminescence 
was first noted by Dr. Joyce Geiduschek in a systematic program 
of evaluating organic solvents for this reaction. 

7 Available from Amend Drug and Chemical Co., New York, 
N.Y. 


light is emitted throughout the solution. At tha: 
instant, oxygen gas is evolved and the solution becomes 
blue when examined in visible light. 

For demonstrations, 5 ml. of a 0.1 M solution o/ 
K,Cu(CN); is added to 100 ml. of a 0.2 M solution of 
luminol in concentrated ammonia in a 500-ml. flask. 
Dilute ammonia can be used, but longer inductio) 
periods will be observed. Forty ml. of 3% hydroge:: 
peroxide is then added and the resulting solution i; 
stirred in the dark. If the solution is not stirrec, 
local blue chemiluminescent zones may develop; these 
disappear when the solution is stirred. After 3 minut«s 
at 21°C., a flash of light signals the start of chemilu- 
minescence. The induction times are approximate!y 
doubled by halving the hydrogen peroxide concentri- 
tion; whereas halving the concentration of the cyanice 
complex leads to a decrease in the induction time. 
Systems with large amounts of the cyanide complex 
have a long induction period terminated by a bright 
flash of light, the subsequent reaction being a dark one. 
Oz is still evolved, however. Conversely, systems with 
small amounts of the cyanide complex have a short 
induction period and the bright period lasts for many 
minutes. Systems with large amounts of hydrogen 
peroxide also emit light for longer periods of time. If 
30% hydrogen peroxide is used, large volumes of 
oxygen are released, and interesting chemilumines- 
cent fountain experiments can be carried out. No 
doubt, similar results could be obtained by replacement 
of the cyanide complex with pre-mixed solutions of 
sodium cyanide and copper salts. 

The luminol, in effect, is acting as an indicator in the 
reaction and the chemiluminescence is incidental to the 
clock reaction proper. The latter can be studied in the 
absence of luminol by timing the appearance of the 
blue tetraammine copper(II) ion in visible light. 
Although the chemistry of these reactions has not been 
investigated, the following plausible reactions are 
consistent with the observations. Reactions 1, 2, and 3 
account for the “‘clock”’ nature of the system. 

slow 
(1) Cu(CN);-- + H,O. ————> 


NH; 
Cu(NH;),+* + CO;-- + CNO® + OH® 


fastest 
(2) Cu(NH;),++ + CN®° ———> 


or 
Cu(CN),3~~ 
copper(I) complex + (CN) 
fast 
(3) Copper(I) complex + H,0, Cu(NH;),++ + OH® 
Fig 


(4) Cu(NH;)*+* + HO. + luminol ———> light + products 


Cu(NH;),*+* 
Oz H.O 


(5) Side reaction: 


Srmp_eE homemade equipment is the only apparatus available to those trying to educate students 
in many parts of the world. UNESCO has met the challenge by making available this com- 
pendium. All phases of elementary science are illustrated. It is available in both French and 
English from UNESCO Publications Center, 152 W. 42nd Street, New York 36, N. Y. 
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THE USE OF EXACT EXPRESSIONS IN 


CALCULATING HYDROGEN ION 


T uz estimation of hydrogen ion concentration in aque- 
ous solutions containing weak acids or weak bases and ’ 
or their salts often causes considerable difficulty to 
students because of the approximate and apparently in- 
tuitive methods frequently presented for such calcula- 
tions. Even advanced students are often unaware of 
the assumptions which have been made in deriving a 
given expression and are uncertain of what simplifica- 
tions may be made to obtain a reasonable estimate of 
the hydrogen ion concentration, especially for a dilute 
solution of a polyprotic acid. It is the purpose of this 
paper to discuss a much neglected method, based upon 
the principle of electroneutrality, for the formulation of 
exact expressions for the hydrogen ion concentration in 
aqueous solutions of a weak acid, the salt of a weak acid, 
or mixtures of the acid and its salt, and to show how 
these exact derivations may be used, with proper ap- 
proximations, to estimate the hydrogen ion concentra- 
tion. Extension of these methods to solutions con- 
taining weak bases will become obvious. Similar discus- 
sions based upon electroneutrality invariably present 
expanded expressions? cubic, quartic, and higher order 
in hydrogen ion concentration, which are difficult to 
evaluate and generally impossible for students. 

If an exact expression for hydrogen ion concentra- 
tion is to be obtained, approximations in the derivation 
cannot be permitted. Approximations should be used 
to facilitate the desired answer, but only after the ex- 
pressions have been derived in their mathematical en- 
tirety. For example, in calculating the pH of an aque- 
ous solution containing a monoprotic weak acid such as 
acetic acid, the initial assumption that [H+] = [CH;- 
COO] should not be made, but rather, the initial for- 
mulation must be an exact expression of the conditions 
which actually exist in solution. These are best repre- 
sented by the expression of electroneutrality for the 
solution. In the derivations which follow, it is assumed 
that the solutions are at constant ionic strength, and 
concentrations rather than activities are indicated. 


AQUEOUS SOLUTION OF A MONOPROTIC WEAK ACID 


Cc onsider an aqueous solution of a monoprotic weak 
acid, HA. When the acid is dissolved in water, two 
equilibria are involved: 


= HA = H+ + A- (1) 


Presented in part before the Chemistry and Physics Section 
of the 66th Annual Meeting of the Nebraska Academy of Sciences, 
April, 1956. 

* Park, B., J. Cuem. Epuc., 30, 257 (1953). 
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CONCENTRATIONS: 


E. R. NIGHTINGALE, JR. 
University of Nebraska, Lincoln, Nebraska 


and 


= H+ + OH- (2) 


The hydrogen ion concentration is given by the expres- 
sion of electroneutrality for the solution, 


[H*] = [A~] + [OH~] (3) 


The equilibrium expressions for the dissociation for the 
weak acid and of water are 


K, = [H*][A-]/[HA] (4) 
and 
K. = [H*][OH~-] (5) 


where K, and K, are the respective equilibrium con- 
centration constants. Substituting (4) and (5) into (3): 

(H*] = Ka[HA]/(H*] + K./[H*] (6) 
or multiplying through by [H+] and extracting the 
square root, 


(H+) = /K.[HA] + Ke (7) 


Equation (7) is an exact expression for the hydrogen 
ion concentration in terms of the equilibrium constants 
K, and Ky and the concentration of the undissociated 
acid HA. Generally, the produet. K,[HA] is much 
greater than K,, and if one may assume that the con- 
centration of the undissociated acid HA is approxi- 
mately equal to the stoichiometric concentration C of 
the acid, where C = [HA] + [A~], equation (7) may be 
simplified to the more common form 


[H+] ~ VK.C (8) 


This approach to equation (8) explicitly denotes the two 
assumptions necessary to simplify equation (7). It is 
easy for students to recognize that, numerically, K,, is 
usually much smaller than the product K,[HA], but 
the more discerning student should recognize that [HA] 
is never exactly equal to the stoichiometric concentra- 
tion C. Under what conditions is this assumption per- 
missible? Combining the equilibrium expression for 
the dissociation of the weak acid with the stoichio- 
metric expression of concentration, 


C = [HA] + [A-] = [HA] + K.[HA]/[(H*] (9) 
and 
C{H*] 
MHA) = (10) 


From (10) it is seen that [HA] is approximately equal 
te the stoichiometric concentration C only if K, is 
negligibly small compared with [H+]. 
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Since in (7) the exact concentration of acid HA is 
unknown, the preferred expression for hydrogen ion 
concentration in terms of the known stoichiometric 
concentration is obtained by substituting (10) into (7), 
and 


K.C[H*] 


+x. 


+ Ky (11) 
The form in which equation (11) is presented is impor- 
tant. The square root of a quantity is comparatively 
easy to obtain whereas higher order roots are not. No 
attempt should be made to rationalize the equation, for 
even this relatively simple expression represents a cubic 
equation in hydrogen ion concentration which is not 
easily solved. More complex expressions give higher 
order equations for which there are no general solu- 
tions. 

Again assuming that K, is negligible, the serious 
student will realize that equation (8) can be obtained 
from (11) only if K, is negligibly small compared with 
[H+], the same criterion by which [HA] may be ap- 
proximated by C in equation (10). Generally, this is 
the case. If, however, K, is not negligible compared with 
[H+], the numerical calculation becomes more difficult. 
The method of successive approximations is very useful 
for equations of this type, but it may be laborious. A 
simple graphical method is often the best. For example, 
it is desired to calculate the hydrogen ion concentration 
of a 1.0-:10-* M solution of a weak acid with K, of 
10-4. Using equation (8), one might estimate that 
[H+] = 10-4 M. However, the assumption by which 
(8) is obtained from (11), namely, that K, is negligibly 
small compared with [H+], is not fulfilled, and this es- 
timate undoubtedly is incorrect. However, by using an 
approximate value such as 10~‘ M for the hydrogen ion 
concentration in the right-hand side of equation (11), 
one calculates a corresponding value for the hydrogen 
ion on the left-hand side. Thus for assumed values of 
10-*, and M hydrogen ion concentration in 
the right-hand side, one calculates values of 9.1-10~, 
7.1:10-, and 3.0-10-' M, respectively. Plotting the 
assumed values for the hydrogen ion concentration ver- 
sus those calculated, the curve shown in Figure 1 is ob- 
tained. Obviously, the correct value lies at the point 
where the assumed and calculated values are equal and 
for Figure 1, the hydrogen ion concentration is observed 
to be 6.3:10-° M. This value compares favorably with 
the 6.2-10-> M computed using equation (11). 


/ WM * 


A 


io~* 


calc’d. (H*), mole/I. 


5 
\ 


—— 


io 
assumed (H*), mole/I. 


Figure 1. Graphical Computation of[ H*] for Solution of Monoprotic 
Weak Acid. C = 1.0 - 10-4 mole/l., Ka = 1.0- 10-4 


SOLUTION CONTAINING THE SALT OF 
A MONOPROTIC WEAK ACID 


Consider an aqueous solution containing the salt MA 
of a strong base and weak monoprotic acid HA, in 
which the salt is assumed to be completely dissociated. 
The expression for electroneutrality is 


[M*] + [H*] = [A~] + [OH~] (12) 


The stoichiometric concentration C of the salt is given 
by 
C = [M*] = [A-] + [HA] (13) 


where [HA] is the concentration of acid formed by the 
reaction between A~ and H,O. Substituting (4), (5), 
and (13) into (12), 


[H*][A~]/Ka + [H*] = K./[H*] (14) 


and 


= 
It is frequently argued that if K, is negligibly small com- 
pared with [A~] and if it may be assumed that the con- 
centration of salt [A~] is approximately equal to the 
stoichiometric concentration C, then (15) reduces to the 
more usual form 
[H+] = (16) 
The preferable argument is as follows. From (4) and 
(13), 
KC 
[HA] = (17) 
and the formulation of (15) in terms of the stoichiomet- 
ric concentration is 


KaKw {{H*] + Ka} (18) 
Ka {{H*] + Ka} + K.C 
Except for the salts of very weak acids, [H+] is negli- 
gibly small compared with K,, and (18) may be reduced 
to 


= 


H+] = 19 
{H+} (19) 


Comparing (15), (17), and (19), [A] is approximately 
equal to C if [H+] is negligible compared with K,, and 
the proper criterion for using equation (16) in place oi 
(19) is that K, must be negligibly small compared with 
C. It should be emphasized that this exact treatment 
does not utilize the concept of hydrolysis other than to 
recognize that some undissociated acid is formed by the 
reaction between A~ and H,O. The so-called “degree 
of hydrolysis” is mathematically undefinable,’ and cal- 
culations based upon hydrolysis reactions are not to be 
encouraged. 

In considering the hydrogen ion concentration 0! an 
aqueous solution containing a monoprotic weak acid 
together with its salt, the treatment is similar to ‘hat 
presented above for the salt alone except that the ratio 
[A-]/[HA] is not necessarily large, nor the ratio {I|*]’ 
[M+] invariably small. The expression of electro:eu- 
trality is again (12), and the stoichiometric relation 1s 


3Ricct, J. E., “Hydrogen Ion Concentration,’’ Princeton 
University Press, Princeton, N. J., 1952, pp. 55-8, 127. 
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C=C, + C, = [A-] + [HA] 2 in which C, and 


tively. Substituting (5) and (7) into (12), and rear- 
ranging 


where C, = [M*], or 
+) — CaP 


If (, approaches zero, equation (20) reduces to (11), and 
as C; approaches C, the treatment becomes identical 
with (18). For intermediate values, 1 > [M+]/C > 0, 
the calculations may be evaluated using equation (20) 
and the graphical method described previously. If 
C, = C; = C/2, (20) may be rewritten as 


+) = , /¢/2{H*] {Ke — [H*}} 
+ Ke + Ke (21) 


and it is obvious that K, is not identically equal to [H+] 


except when K, = V K,. This conclusion often is not 
appreciated if a student attempts to evaluate [H+] using 
only equation (4). 


DIPROTIC WEAK ACID 


The expression of electroneutrality for a solution con- 
taining the diprotic weak acid H.<A is 


(H*] = [HA~] + 2[A~~] + [OH~] (22) 


The equilibrium concentration constants for the acid 
are 


Ko, = [H*][HA~]/[H2A] (23) 


and 


Ka, = [H*][A~]/[HA~] (24) 
Substituting (23) and (24) into (22), 


Omitting Ky, and if 2K,,/[H*] is negligibly small com- 
pared with unity, (25) reduces to the more usual ap- 
proximation 


[H+] VK.,[HeA] (26) 


The stoichiometric concentration C of the diprotic weak 
acid is given by 


C = [H:A] + + [A-~] (27) 
Combining (23) and (24) with (27), 
= (28) 


(H*}? + Ka,[H*] + KaKa 


Substituting (28) into (25), the exact expression for the 
hydr« gen ion concentration in terms of the stoichiomet- 
re concentration and the equilibrium constants is 


Ka,C [H*){ + 2K.,} + Ke 


= + Kall] + 


(29) 


Again neglecting the term containing K,,, and if K,, and 
Ka, are negligible compared with [H+], (29) reduces to 


[H+] ~ VK,,C (30) 


(30) should not be “derived” from (26) by assuming 
that the concentration [H2A] is equal to C, but rather 
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(, are the concentrations of added acid and salt, respec- 


from the exact expression (29) by recognizing that 
K., and K,, must be small compared with [H+]. If 
Ka, is not small compared with [H+], equation (29) 
becomes similar to (11) and may be evaluated by one 
of the methods described therein. 


SALTS OF DIPROTIC WEAK ACIDS 


The expression of electroneutrality for solutions con- 
taining the salts MHA or M.A of a strong base and the 
diprotic acid H2A is 


[M+] + [H+] = [HA-] + 2[A--] + [OH-] (31) 


In deriving expressions of this type for hydrogen ion 
concentration, it is most convenient to express the acid 
concentration in terms of that acid species which is 
present in the largest concentration in the solution. 
Thus for a solution of the salt MHA, the initial formu- 
lation will be in terms of the HA~ anion. The stoichio- 
metric concentration C for a solution containing MHA 
is 


C = [M*] = [H2A] + [HA-] + [A-~] (32) 
Substituting (23), (24), and (32) into (31), 
KaKo,{HA~] + Ka,Kw 


Generally K,,K, is negligible and K,, is negligibly small 
compared with [HA~], and the classical approximation 
is 


[H*] = (34) 
From (23), (24), and (32), 
(H*}? + Ka,[H*] + 
and the exact expression for hydrogen ion concentration 


in terms of the stoichiometric concentration C is readily 
obtained by substituting (35) into (33) 


[HA~] = 


(35) 


[H+] = + + Ka[H*) + (36) 
(H+? + (Ke, + C)fH*] + 


For the salt M.A, the stoichiometric concentration is 
given by 
C = [M*]/2 = [H.-A] + [HA-] + [A-~] (37) 


Substituting (23), (24), and (37) into (31), and express- 
ing the acid in terms of the major component [A~~], 


Visi + 2(H*]} + Kako, 


Usually [H+] and Kg, are negligibly small compared 
with K,,, and (38) reduces to 


K..K 
H+] = 39 
[H+] = (39) 


From (23), (24), and (37), 


KaKa,C 


= Ka + Kaka 


(40) 


and substituting (40) into (38), the exact expression in 
terms of the stoichiometric concentration is 


+ Ka[H*])+ Kaka) 
H+] = 
+ (Ke + + (Ka + OXKa) 


An expression similar to (33) and (38) for a solution 
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containing the salt of a weak acid and a weak base has 
been presented by Swift.‘ 


SUMMARY 


A method for calculation of hydrogen ion concentra- 
tion, based upon the expression of electroneutrality, is 
presented for solutions containing mono- and dibasic 
acids and their salts. The method is exact, does not 
require intuitive approximations, and forces the student 
to consider all the equilibria involved and all the species 
present in the solution. Assumptions and simplifica- 


4Swirr, E. H., “Introductory Quantitative Analysis,’’ 
Prentice-Hall, Inc., New York, 1950, p. 227. 


tions are not introduced into the derivations, aid 
approximations are used to facilitate the calculation 
only after the proper expression for hydrogen ion con- 
centration has been derived in its mathematical 
entirety. When the equations are expressed in terins 
of the stoichiometric concentration of the weak acid and 
the relevant equilibrium constants, the only unknown 
quantity is the hydrogen ion concentration itself. The 
method is advantageous in that it does not require any 
comparison of the stoichiometric concentration with 
the concentrations of the several acid species which may 
exist in solution. The concept of salt hydrolysis is !ot 
used; this concept is unnecessary and is not employed 
in the most rigorous treatments.” 


Tue apparatus shown in the photograph has been used 
successfully by large numbers of students in the quan- 
titative analysis laboratory. It is constructed from 
cheap, readily available materials. The instruments 


are mounted on a frame which slides vertically into a 
holder spaced to accommodate a conventional 150-ml. 
tall-form beaker. 


Connection is made to an external 


A COMPACT, LOW-COST ELECTRODEPOSITION APPARATUS 


CLARENCE L. COOK 
Kent State University, Kent, Ohio 


source of d.c. current at the Fahnstock clips shown. 
The rear wiring through the rheostat and ammeter to 
the cathode is indicated in the photograph. 

The anode is made by sealing one end of a 15-in. 
piece of No. 20 platinum wire into the end of a piece 
of 5-mm. glass tubing and wrapping the rest of the wire 
upward around the tubing. The 3-in. diameter pin- 
wheel rotor, made from sheet aluminum, is mounted 
on the upper end of this tubing with the aid of two 
No. 0 rubber stoppers. (It is driven by an air jet 
properly located in the back panel.) A short length 
of larger diameter glass tubing pressed into the wooden 
mounting serves as a bearing. Fiber washers reduce 
binding at the moving surface. Mercury in the anode 
tubing makes electrical contact with a copper wire 
leading to the Fahnstock clip. The cylindrical platinum 
gauze cathode is a standard one, approximately 1’: 
in. X 1°/, in. in size. Its stem is inserted through the 
wooden base to a screw connector. This is soldered 
to a wire leading to the ammeter. 

The ammeter is a Triplett 321T, 0-5 amp. The 
rheostat is an Ohmite model H, 10 ohm, 25 watt. A 
portable voltmeter, serving one or several instruments. 
may be connected to the exposed terminals. Good 
quality measuring instruments should be used to se 
cure maximum accuracy. 

The moderate cost of these units means that it is 
feasible to build enough to accommodate an entire 
class at one time. This has the advantage of eliminat- 
ing repeated instruction sessions necessary whei one 
costly piece of equipment must be used. An additional 
instructional feature is that the exposed wiring 0n the 
front and back of the panel is simple and easily f0l- 
lowed by the student. Storage space for several 0! 
these compact units is a minor problem since the 
over-all size is only 6 in. X 6 in. X 14 in. 
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Mount Mercy College which participates in the 
education of teachers, especially parochial school 
nuns, in the Pittsburgh area has been for some time 
deeply concerned about the problem of the shortage of 
chemistry teachers. Prompted by the success of 
workshops and institutes conducted both by A. C. S. 
and several universities, the college decided to sponsor 
a chemistry conference for high-school teachers in the 
vieinity.! 

Invitations to attend the Institute were sent to all 
the parochial schools within a fifty-mile radius, to all 
the public schools in the city, and to all the superin- 
tendents of the county schools within the same fifty- 
mile radius. Three teachers from schools in Ohio, 
two from Massachusetts, and two from Florida learned 
of the Institute and asked to attend. The total reg- 
istration numbered forty-two from both parochial 
and public schools. 

The purpose of the Conference was threefold: to 
bring the in-service teachers up-to-date with the new 
developments in the field; to teach them how to pre- 
sent their material more effectively; and to give them 
an opportunity to exchange ideas with their colleagues. 
The sessions lasted from 9:00 a.m. to 4:00 p.m. They 
included lectures on new developments by the direc- 
tor, methods of presentation and demonstration by 
both discussion leaders and registrants, and discussion 
of ——- Trips to industrial plants were also in- 
cluded. 

In the discussion topics the group arrived at several 
decisions. They first proposed that the terminal 
course should be given major consideration on the 
grounds that the majority of students would be satis- 
fed and the college students could be taken care of 
later. The objection to this conclusion was that col- 
lege entrance examinations require a fundamental 
chemistry course. The middle road was agreed on for 
schools teaching only one chemistry class. The burden 
of adjusting to both groups was an added challenge to 
an enterprising teacher; only large schools can teach 
two different types of courses. 

_ It was generally agreed that a broad knowledge of 
important concepts, laws, and theories of elementary 
chemistry should be obtained; the ability to use the 
language of chemistry—namely, the symbols and 
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A NINE-DAY CONFERENCE FOR HIGH-SCHOOL 
CHEMISTRY TEACHERS 


SISTER M. LAWRENCE O’DONNELL, R.S.M. 
Mount Mercy College, Pittsburgh, Pennsylvania 


formulas, should be mastered; the ability to apply 
simple mathematics to chemical problems and to use 
equations was a must; the development of an ap- 
preciation for the scientific method of reasoning was 
urged. Together with these four fundamentals the 
group considered it important that the student should 
understand the role that chemistry plays in the initia- 
tion and direction of social, political, and economic 
changes. The application of chemical principles to a 
few important industrial processes was stressed. 
Knowledge of some of the descriptive aspects of chem- 
istry was also rated high, and some knowledge of 
chemical apparatus and skill in its use in the laboratory 
was advocated. The last objective stressed by the 
group was to develop an appreciation of God as the 
ultimate end and first cause evident in all the wonders 
of nature and the laws which direct these wonders. 

The group stoutly maintained that their problem was 
not one of encouraging students to study chemistry 
but rather of limiting the number of students to fit the 
facilities. The group approach to this problem 
brought out one point which is generally overlooked 
by the academic and industrial scientists. Often the 
number of science students in high school is limited 
by lack of facilities rather than by absence of interest 
on the part of the student. Students of high-school 
age are most eager for the newness and glamor of 
chemistry and especially for its experimental oppor- 
tunities. The teachers felt that possibly the colleges 
with their theoretical approach in the freshman year 
were frightening the students away. They suggested 
that the college freshman course be a descriptive 
course, which to them meant the basic principles of 
inorganic chemistry, the occurrence, preparation, 
properties, and uses of the elements and compounds. 
Accordingly they favored postponing the theoretical 
and highly mathematical aspects until the physical 
chemistry course in the senior year when students have 
the foundation to grasp them. The leaders were sur- 
prised and somewhat amazed at this reaction but in- 
clined to agree. 

The conference lasted for nine days. Notes of each 
day’s accomplishments were mimeographed and dis- 
tributed to the registrants. Its special contribution 
was that of enabling many nuns from each of the Pitts- 
burgh communities to attend. All parted grateful 
for the experience and convinced that the next year’s 
teaching would be an improvement over the past. 
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Douglas G. Nicholson, East Tennessee State College, was the 
director. Lon Colborn, Taylor Alderdice High School, Lawrence 

| Bromber ick, Mt. Lebanon High School, and Sister M. Aelred, ; 
— \S.F., St. Joseph High School, were discussion leaders. 


FINAL EXAMINATION TIME IN HIGH-SCHOOL 
CHEMISTRY 


ELBERT C. WEAVER 


Phillips Academy, 
Andover, Massachusetts 


A survey was undertaken to discover the mechanics 
of end-of-year formal testing in chemistry. The 
survey is based on returns from a countrywide sampling 
of secondary schools, both public and independent. No 
effort was made to obtain a distribution of schools 
according to size. Returns are chiefly those obtained 
by the efforts of a committee of the National Science 
Teachers Association acting jointly as a committee of 
the Division of Chemical Education of the A.C.S. to 
make a test in high-school chemistry. The primary 
purpose of the survey was to determine the length of a 
test that would be most serviceable. 

The method of giving final examinations in chemistry 
varies. Examinations are given in a special exami- 
nation period in 54% of the cases, and in a regular class 
period in 32°%, of the cases of those who replied to the 
questionnair:. As applied to those who answered this 
item, 63% give examinations in a special period and 37% 
give examinations in a regular class period. 

Final chemistry examinations are given to all 
students in at least 72% of the cases. This percentage 
may be low because some replies were vague. Excusing 


from final examination may be done for a variety of — 


reasons which include illness, discretion of instructor, 
honor-roll grade in class work, or class standing up to a 
specified standard. 

The length of time available for examination varies 
greatly as may be seen in the accompanying table. 


Minutes used 
in chemistry Number of 
final examinations schools 

Less than 39 4 

40 to 49 17 

50 to 59 9 

60 to 69 10 

70 to 79 4 

80 to 89 8 

90 to 99 11 

100 or more 8 
71 replies 


The conclusion of the committee, guided by the 
advice of the A.C.S. advisers associated with the 
committee, was to use 45 minutes as the optimum 
length, but to have two sections. Each section of the 
test is expected to consume 45 minutes. The two 
sections cover the entire range of elementary chemistry. 


+ 


Section I is a fair sampling, but Sections I and I] 
together represent a more comprehensive sampling, 
The test is arranged so that both parts may be giver 
at one sitting, or a break may be made at the end oj 
the part without mechanical difficulty. The maximum 
flexibility could be obtained thereby, and direc 
application to the available time of 40% of the time 
schedules was accomplished. With additional local 
essay-type questions, the time schedules of about 
94% can be accommodated. 

This study amply justifies the establishment o/ 
45-minute units for testing purposes in high-school 
chemistry. 

Returns came from 72 schools, representing ai 
enrollment of 79,134 in four-year high schools, and 
28,635 in three-year senior high schools or a total of 
107,769. The average school size is 1497 students. 

In these 72 schools are 404 chemistry classes, essen- 
tially general (college preparatory) in scope but 
including at least four in the Advanced Placement 
program and two others miscellaneous. The average 
number of chemistry classes is 5.6 per school or 3.7) 
per thousand children in school. 

These 404 classes enroll 10,845 students, so the 
average class size is 26.8. Chemistry students among 
the total high-school population are 10%. This fact. 
however, has little significance. A much more signil- 
cant figure is the number of students among thov 
qualified to do so who study chemistry. This survey 
did not gather evidence on that particular point. 

The average length of class period is 52 minutes 
The median class period is 50 minutes long. 

The average length of the laboratory period i 
70 minutes and the median 56 minutes. We find thal 
37% of the schools have so-called double laboratory 
periods (two consecutive periods) while in only oie 
case no mention was made of any laboratory time. |! 
some cases the teacher has the option of class 0! 
laboratory period distributed according to the needs 
of the class. 

The total number of minutes per week given 1 
chemistry is 276 on the average, and 275 for the 
median. The range is from 175 to 850 minutes pe! 
week for the study of chemistry. 


1 The examination is A.C.S. Cooperative Examination Form ‘ 
Norms have been established. Direct inquiries to Dr. Theodor 
A. Ashford, Department of Chemistry, St. Louis Univers’; 
1402 South Grand Blvd., St. Louis 4, Missouri. 
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T we Deutsches Museum is one of the main attractions 
of the city of Munich. Since its opening (1925) about 
16 million visitors from all corners of the world have 
viewed its collections. They have been entertained and 
instructed by its exhibits in the fields of science and 
technology. Many young visitors have been influenced 
greatly in their choice of a life-work by what they saw 
and heard there. The founder of this great educational 
institution was Oskar von Miller, a Munich construc- 
tion engineer. His enthusiasm prompted voluntary 
contributions of labor and planning, gifts of apparatus, 
machinery, building material, and money. 

The Deutsches Museum is made up of a great com- 
plex of buildings on an island in the Isar, which flows 
through Munich. To make the sciences and tech- 
nology popular, von Miller employed three methods: 
lectures, technical literature, and exhibits. Accord- 
ingly, on the ‘“Museums-insel’”’ there are now lecture 
halls, for experiments and projections of all kinds, a 
large library building which houses technical and 
scientific literature from the entire world, and a third 
building museum itself. To see all 
of the latter means a journey of approximately eight 
miles through corridors and aisles. 

This distance is now shorter 
because of the damage in- 
flicted by the bombs of World 
War II. Fortunately, the 


THE NEW CHEMICAL SECTION IN THE 
DEUTSCHES MUSEUM AT MUNICH’ 


RUDOLF SACHTLEBEN 


Deutsches Museum, Munich, Germany 
(Translated by Ralph E. Oesper) 


building and to remodel the crowded exhibits. 
CHEMICAL SECTION REBUILT 


A description of the former chemical section was 
given in THIS JOURNAL, 7, 762 (1930), by Wilhelm 
Prandtl, who died late in 1956. The former arrange- 
ment was that of a textbook. Like many textbooks, it 
had the characteristic of being complete but also was 
not equally attractive in all of its parts. Moreover, it 
had become outmoded in its 25 years of use because 
chemistry is a living and progressing science. 

The present authorities have tried to select a com- 
paratively few chemical facts and to present these as 
attractively as possible. In the planning, an idea put 
forth by Justus von Liebig was the guide, namely: 
“The history of a science is a page in the history of the 
human mind.” This concept was readily applied in 
rearranging the museum. Four historical laboratories 
were set up. They demonstrate the development and 
problems of the alchemical, Middle Ages, Lavoisier, 
and Liebig periods. Each was faithfully erected in its 


proper style in a room which pictures its contemporary 
architectural and cultural relationships. Accordingly, 
the visitor passes through the epochs of the Gothic, the 


valuable historical objects 
were placed in safety. The 
reconstruction of the building 
and exhibits is now in full prog- 
ress. “Every catastrophe 
yields an opportunity.” The 
demolition and damage pro- 
vided an opportunity to erect 
a modern museum structure 
in place of the outdated 


‘Eprtor’s Note: The accom- 
panying article appears at the re- 
quest of readers who recall with 
pleasure the enrichment afforded 
their European travels by having 
read Dr. Oesper’s papers of the 
1930's, 

Dr. Sachtleben and his staff cordi- 
ally invite all readers of TrH1s JoURNAL 
who may be visitors in Munich to 
enjoy a busman’s holiday in the 
Deutsches Museum. 


a & 
The “‘Lavoisier’’ Laboratory Be 


Family Tree of Coal Tar Products 


French Revolution, the Romantic, and the present. 
All of the rooms are furnished with original apparatus 
or authentic reproductions. Fundamental discoveries 
of the various periods have been stressed as milestones 
in chemical understanding. 

In the alchemy of the Middle Ages, the chemical 
world picture was spiritual, and the “scientist” was a 
pious man, as were the master builders of the Gothic 
cathedrals. He sought the relation between the micro- 
cosm (earth and man) and the macrocosm (heaven and 
God). Whereas the scholars of antiquity left “the 
pigment grinding and salve cooking”’ to the lowly slaves 
and handworkers, alchemical experimentation began 
in the medieval laboratories of the Occident. It arose 
out of the urge for moral and material clarification. 
This impulse later degenerated into illusory and decep- 
tive goldmaking. On the other hand, these efforts led 
to the great invention of the art of distillation. Tools, 
which previously had been used only by artisans, be- 
came scientific aids. Paracelsus (1493-1541), the great 
natural philosopher and physician, taught the prepara- 
tion of medicinals from healing herbs and minerals and 
thus founded the art of the pharmacist. Gold, ruby 
glass, European porcelain, and other chemical products 
were discovered empirically. The mineral acids were 
prepared even in considerable quantities in the so-called 
“Lazy Henry.” 

During the French Revolution, the “Goddess of 
Reason” ascended the throne of science. Lavoisier 
founded a materialistic chemistry, which experimentally 
decomposed the natural materials and studied their 
individual constituents. The first special laboratory 
techniques were developed, such as means of analyzing 
the diamond and the air, and procedures for synthesiz- 
ing water and saltpeter. A chemistry of gases was 
created, which, harking back to the earlier macrocosmos 
concept, was called “pneumatic” chemistry (pneuma = 
soul or breath). The experimental manipulation of the 
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gases led to the erection o/ 
the oxygen theory. By purely 
material considerations, i: 
brought respiration and com- 
bustion into an_intelligib|» 
relationship. Electricity 
the vacuum became tools «f 
the chemists; analytical ba'- 
ances, the barometer, the:- 
mometer, and microscope 
came indispensable in the 
laboratory. 

The third room is the Liebig 
laboratory: an exact replica 
of the famous teaching labor:- 
tory in Giessen. He markedly 
enriched chemical laboratory 
technique, _ for instance, 
through his apparatus for the 
ultimate analysis of organic 
compounds, and by his popu- 
larization of the condenser 
which has been (incorrectly) 
given his name. He eluci- 
dated the chemical connec- 
tions between the animal 
and vegetable kingdoms by 
introducing the aquarium into a biological equilibrium. 
It became known in Germany as the “Liebig world in 
glass.” <A “tree” shows Liebig as the progenitor of a 
family of scientists from which have now issued 34 
Nobel laureates. This noble company includes the 
Americans: T. W. Richards (1914), the master deter- 
miner of atomic weights; Iving Langmuir (1932), 
authority on surface chemistry; the biochemist Fritz 
A. Lipmann (1953); and Glenn T. Seaborg (1951, the 
discoverer of the trans-uranium elements. 


MODERN CHEMISTRY EXHIBITS 


It has been the intent to reveal the mode of thought 
and the research methods of the modern chemist. 
In these exhibits there has been no effort to show every- 
thing, but rather some important facts are emphasized 
and brought together. Modern chemistry deals with 
elements and compounds; so characteristic examples 
of each have been selected for exhibition. It has been a 
characteristic feature of the Deutsches Museum that the 
visitor would have ample opportunity to push buttons 
and set models into motion. In the rebuilding of the 
chemical section an effort was made to extend this tradi- 
tion to chemical processes. For example, it is 10w 
possible by pushing a button to bring together any two 
desired liquids. After the reaction between them /ias 
been completed, the reaction vessel is emptied, clean-ed, 
and returned to its original place by means of an invis- 
ible controlling mechanism. The visitor may, [or 
instance, see the detection of traces of iron(III) by the 
color reaction with thiocyanate. Or a carbohydrate 
(sugar solution) is shown to yield carbon when treated 
with concentrated sulfuric acid. Chemiluminesce ice 
is demonstrated with luminol and hydrogen perox:(le. 
The visitor can detect elements by flame reactions «nd 
also by spectroscopic and radioactive methods. Raili 0- 
activity is shown in considerable detail by means «! 8 


JOURNAL OF CHEMICAL EDUCATION 


Wil 
rad 
| 
fort 
clos 
mer 
tory 
cire 
for 
and 
che! 
init: 
of | 
col 
sure 
pou, 
pres 
cher 
deve 
ture 
of w 
mod 


by a 
Siem 
num 
Visit 
dem 
illust 
Crys 
ride, 
with 


APPI 


A 
prod 
bran 
in tl 
treas 
mate 
grap! 
facto 
istry. 
are r 
of cc 
and 
Expl: 


: 
os 
two 
Fluc 
and 
TI 
men 
ee 
= 
» 
‘ 2g, 
Chem 
{Sey 
4 


Wilson cloud chamber, a Geiger counter, and by auto- 
radiographs. 

The periodic system of the elements is shown in the 
form of a large spiral, beginning with hydrogen and 
closing with mendelevium. All of the long-lived ele- 
ments are represented by actual samples, and the his- 
tory of their discovery is outlined. The entrance to the 
circular room is flanked by a Hénigschmid apparatus 
for the determination of the atomic weight of radium, 
and by the original apparatus with which Otto Hahn 
chemically discovered the fission of uranium and thus 
initiated the era of atomic energy. Original samples 
of the earliest enriched uranium-lead introduce the 
concept of isotopes. A comparison of the vapor pres- 
sure of normal and heavy water is also demonstrated. 

Since the former atom models, constructed from ping 
pong balls and wire rings, no longer conform to the 
present state of atom research, new representations 
were sought. Giinther Scheibe, professor of physical 
chemistry at the Technical University of Munich, 
developed new models.2. These show the inner struc- 
ture of the atoms, according to the present conceptions 
of wave mechanics, as colored luminous clouds. Such 
models were constructed for the elements of the first 
two periods. Other models show the hydrogen atom 
in various excited states, and in the molecular form. 
Fluorescent synthetic materials, phosphorescent paints, 
and dark ray emitters were used in these constructions. 

The visitor, by pressing a button, can see the arrange- 
ment of the atoms in crystals. This is made possible 
by a newly constructed Laue apparatus with a novel 
Siemens X-ray attachment. A single crystal of alumi- 
num is used; it is rotated into different positions by the 
visitor during the irradiation. Simple experiments 
demonstrating the formation and action of ions and 
illustrating the stoichiometric Jaws can be performed. 
Crystal models of diamond, aluminum, sodium chlo- 
ride, and urotropine are shown; the dimensions accord 
with the measurements of the respective Laue diagrams. 


APPLIED CHEMISTRY EXHIBITS 


A large hall is devoted to applied chemistry. Many 
products used in daily life have been the fruits of this 
branch of our science. Organic synthesis had its birth 
in the laboratory preparation of urea. One of the 
treasures of the collection is a small sample of the 
material prepared by Wohler himself in 1928 and auto- 
graphed by him.* From Wohler’s discovery grew the 
factory-scale production of indigo and the Reppe chem- 
istry. These marvels of modern chemical technology 
are represented on five columns. A great family tree 
of coal tar products shows the chemical relationships 
and steps in the synthesis of 40 organic products. 
Explanatory placards, samples for testing the odor, and 


*S G., F. BAUMGARTNER, AND M. GenzeEr, Z. angew. 
Chem., 67, 502-15 (1955). 

*See JouRNAL, 27, 162 (1950). 

‘See rots JouRNAL, 27, 648 (1950). 
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Automatic Apparatus for Releasing Elementary Carbon from Sugar 


colored lights make it easier for the visitor to under- 
stand what is before him. Of special interest to our 
present civilization are the macromolecular products 
from the retort and autoclave: the “tailor-made” 
synthetics and chemical fibers. These new materials 
are shown by an extensive exhibit, in whose assembly 
the advice of Dr. Kollek of Ludwigshafen was indis- 
pensable. 

The limiting of the exhibits to a few keystones 
drawn from the wide expanse of chemistry has proved 
to be wise. There are no exhibition cases cluttered up 
with dusty objects; instead there has been a careful 
selection and an intelligent saving of the available 
space for easy movement of viewers from room to 
room. A _ special lecture room has been included 
where even the people in the last rows can clearly see 
all the experiments, demonstrations, and projections. 
Industry cooperates by providing the newest products 
and other desired experimental material. Groups of 
teachers, engineers, executives, and workers take ad- 
vantage of these lectures to keep themselves informed 
of the current developments and to be instructed in 
the historical aspects of chemistry. 

Statistics show that the Deutsches Museum is in- 
creasing in importance as a teaching institution. A 
third of the visitors in recent years have been pupils 
and younger students. Busloads come to the museum 
door from near and far. Often a boy or girl is ac- 
companied by an elderly person. It is difficult to tell 
which has the greater enjoyment from their experi- 
menting together. 
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e DIMENSIONAL ANALYSIS OF CHEMICAL LAWS 


AND THEORIES 


Dwnrine the past decades scientists have been working 
in ever increasing numbers on problems at the border- 
lines between different sciences. For a time the 
sciences developed in isolation from each other, develop- 
ing their own concepts and their own language. But 
we are now discovering not only the interrelation be- 
tween the sciences, but also the large measure of agree- 
ment in the approaches and concepts of the different 
sciences. The stage has been reached when it becomes 
possible to develop a comparative study of the sciences 
in order to discover what aspects are common to all of 
nature, from the fundamental particles to complex 
molecules and organisms, and what aspects are specific 
to a particular level of complexity. For this purpose a 
symbolism needs to be developed, applying to those 
dimensions which different sciences or scientific theories 
utilize in their descriptions of natural phenomena. 
This type of dimensional analysis does not analyze a 
particular quantity such as force or energy into its 
constituent dimensions, but rather seeks to discover the 
totality of independent dimensions incorporated in a 
given law or theory. When such an analysis is complete, 
it should become possible to state the dimensional struc- 
ture of the law or theory in the form of a set of symbols. 
Thereby its relation to other fields of study in the same 
science or in other sciences would become apparent. 

In this paper some chemical laws and theories are 
analyzed, using the following symbolism, and the 
implications of the results are discussed. 


Dimension 


Symbol represented Meaning 

N Number Independent units, e.g., atoms, 
molecules, bonds, organisms. 

D Distance Space dimension. 

d distance Internal space dimension leading 
to finite volume of the units. 

t time Time. 

t Direction of: time (“Time’s 


Arrow’’) introduced, for in- 
stance, in the second Law of 
Thermodynamics. 


Coulombic Attraction and repulsion between 
interaction electrically charged entities. 
Association Attraction between like entities 


such as are explained in wave- 
mechanics y “exchange 
forces.” Such attraction often 
leads to new units made up by 
the association of units of lower 
complexity (e.g., molecules 
from atoms). The new units 
are not mere aggregates of the 
constituent parts. 


1 Present address: Earlham College, Richmond, Indiana. 
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THE DEVELOPMENT OF THE KINETIC THEORY 


Considering first the classical kinetic theory of gases, 
the units of the theory are independent point particles 
having no attractive or repulsive forces acting between 
them. This particle nature is designated by the symbol 
N. The particles move in three dimensional space 
(3D), their movement being measured by a time 
measure (¢) such as seconds or minutes. 

The kinetic theory approximately accounted for 
gaseous behavior at high temperature and low pressure 
but seriously failed under other conditions. An analy- 
sis of the failures pointed to the necessity of introduc- 
ing further parameters. The van der Waals b constant 
was related to the space occupied by the molecules 
(3d), while the constant a of the van der Waals equa- 
tion was necessitated by attractive forces between the 
particles, which we designate as A (for associative 
tendency). In the limit, the particles associate to 
form a liquid, a state completely unexplainable by the 
original kinetic theory. The theory as thus developed, 
including the van der Waals parameters, has the di- 
mensional structure (VN, 3D, 3d, t, A). This more 
complex theory still cannot account for order-disorder 
phenomena, dealt with by statistical theory which 
introduces ‘‘time’s arrow,” that is, the direction of time 


(i). Further, the theory fails to account for the 
behavior of gaseous ions for which coulombic attrac- 
tive and repulsive forces are required (C). Had the 
kinetic theory been tested under conditions where the 
gas was largely dissociated into atoms, the associative 
parameter A would have been necessitated by the 
tendency of the atoms to form covalent bonds with 
each other. 

A theory including all these parameters has the struc- 


ture (N, 3D, 3d, t, t, A, C). It is apparent that such 
a theory can be arrived at in several different ways. 
One may begin, as the kinetic theory did, with two or 
three of the parameters, and discover the others through 
failures of the original model. Alternatively, one may 
begin with a model containing all these parameters, 
or all except those which can be derived from the 
chosen ones. Thus the finite size of atoms and :ole- 
cules is derivable in quantum mechanics from coulombic 
interaction and the wave properties of the constitu- 
ent entities. For this theory, particle behavier cor 
responds to N, wave properties to A, and the t/icory 


includes 3D, t, t (from statistical theory) and ©, 
before. Its structure is (N, 3D, t, t, A, C) from which 
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it derives, at least in principle, 3d, i.e., the average 
covalent, ionic and van der Waals radii. It will there- 
-fore discover no failures corresponding to those encoun- 
tered by the kinetic theory. The two approaches in 
their final form may be spoken of as dimensionally 
commensurate. 


ORGANIC STRUCTURAL THEORY 


Applying the dimensional approach to the historical 
development of organic structural theory and consider- 
ing only the dimensions already cited, Dalton’s atomic 
theory would correspond to (N), the nature of the link- 
ing between atoms to form molecules not being speci- 
fied. Berzelius’ electrochemical theory, on the other 
hand, had the structure (NV, C), and because he could 
only conceive of association between oppositely charged 
entities, he could not accept diatomic molecules of oxy- 
gen, hydrogen, and so on. For the same reason, he 
could not accept simple substitution of H by Cl in 
organic compounds, and this led to the famous contro- 
versy with Dumas about the structure of the chloracetic 
acids. The substitution theories of Laurent and 
Dumas assumed non-electrochemical binding forces 
though they had no idea of the nature of such forces. 
With the development of valence theory, this problem 
was pushed into the distant future, by making the bond 
the unit of the new theory rather than the constituent 
atoms. These bonds constituted the fundamental 
entities in the theories of organic compounds advanced 
by Kekulé and A. S. Couper in 1858. The structure of 
their theories was simply (N), for as G. W. Wheland 
points out,? the theories did not demand any spatial 
representation (though Kekulé certainly thought in 
structural terms). The simple requirement of a fixed 
number of valences for each type of atom leads to a 
distinguishable formula for every chemical species. 
These formulas can be represented in the form of nu- 
merical tables rather than as linked atoms.? 

The failures of this simple theory fall into five classes: 

(1) Van’t Hoff and Le Bel, to account for the fact 
that several different substances often have the same 
classical formula, demanded the direction of valence 
bonds in space (3D). 

(2) In order to account for optical isomerism in the 
biphenyl series, the requirement of a finite volume 
(3d) of the constituent parts was introduced. 

(3) To account for the properties of benzene and the 
absence of two ortho-disubstituted benzenes such as o0- 
xylene, Kekulé proposed a dynamical theory (N, 2), 
a rapid succession of “classical’’ structures. This, 
however, proved untenable* and was replaced by the 
theory of resonance, which permitted “polycentric” 
as opposed to dicentric bonds, that is, the association of 
these bonds which were considered independent units 
in the original theory. Resonance theory therefore 
introduces the parameter A, the mathematics for 
arriving at the hybrid structure of benzene by the 
valence bond method (which takes the Kekulé struc- 
tures as starting points) being identical in form with that 
used in the description of covalent bond formation 


*Wuetanp, G. W., “Advanced Organic Chemistry,’’ 2nd 
ed., John Wiley & Sons, Inc., New York, 1949, p. 87. 

bs For a discussion of the so-called resonance frequency, see 
WHEL AND, G. W., “Resonance in Organic Chemistry,’’ John 
Wiley & Sons, Inc., New York, 1955, p. 608. 
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between atoms. In both cases, “exchange forces” 
account for the greater stability of the associated 
entity. 

The above discussion makes clear that resonance 
theory was necessitated by the lack of a parameter in 
the Kekulé theory. It appears as a separate postulate 
if we start out with independent dicentric classical 
bonds. Molecular orbital theory, on the other hand, 
leads, though admittedly by considerable mathematical 
approximations, to a single acetone formula and a single 
benzene formula with no conceptually differerit basis 
for the two calculations. It can do this because it 
utilizes the wave nature of the electrons (A), and hence 
does not need to introduce a new associative property 
to explain polycentric bonds. 

(4) The Kekulé-Couper theory predicts substances 
such as vinyl aleohol CH.-CHOH which have not, in 
fact, been isolated. Comparison with similar com- 
pounds leads to the conclusion that if formed they 
would transform or decompose into other substances 
before being detected. The incorporation of this 
failure into structural theory demands both the direc- 


tion of time and a measure of time (¢ and #). The 
direction of time is demanded because there must be 
other structures of lower free energy into which the 
postulated substance would spontaneously transform; 
a measure of time is needed because isolability depends 
on the rate of transformation of the substance and the 
rapidity with which the experimenter is able to detect it. 

(5) Finally there exist organic onium compounds, 
falling outside classical structural theory and introduc- 
ing the parameter C. 

The complete theory, as developed above is commen- 
surate with statistical quantum mechanics and with the 
developed gas theory. On the other hand, the defini- 
tion of a molecule as a three dimensional spatial struc- 
ture is not commensurate with the wave-particle nature 
of the fundamental particles (photons, protons, neu- 
trons, electrons), nor is it commensurate with biologi- 
cal organisms. Yet modern cosmological theories‘ 
demand evolution from the fundamental particles 
through atoms and molecules to living organisms. 

The definition of a molecule in spatial terms, that is, 
as (N, 3D, 3d, A, C), fails to account for the non-isola- 
bility of vinyl alcohol. A more satisfactory definition 
of a molecule must, therefore, include time. A mole- 
cule is not a spatial entity, but a pattern of activity, 
persisting long enough in the particular pattern to be 
observable before changing into a new pattern. A pro- 
ton, separated at a given instant from an electron by the 
Bohr radius, is not necessarily a hydrogen atom. The 
electron may merely be moving past the proton at high 
speed. A minimum time is required for the system of 
proton and electron to execute the pattern (i.e., the 
probability distribution) that constitutes the hydrogen 
atom. Anatom or molecule thus has a life history from 
the time of its formation, through its characteristic 
patterns, to its final destruction or its absorption in a 
larger pattern. This view of a molecule brings chem- 
istry closer to the view of nature as constituted of 
“organisms,” which A. N. Whitehead has suggested as 


4 See, for instance, Gamow, G., ‘““The Creation of the Universe,”’ 
Viking Press, New York, 1952. 
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necessary for both physical and biological sciences.® 
This article has confined itself to space and time 
dimensions, wave and particle nature, and coulombic 


5 WHITEHEAD, A. N., “Science and the Modern World,’’ The 
Maemillan Co., New York, 1925. 


attraction and repulsion. No account has been taken 
of other parameters, nor have relations between dime)- 
sions, such as thespace-time relation of relativity theory, 
been discussed. Yet the application to the relative y 
simple theories here considered points up the value o/ a 
symbolic representation of laws and theories. 


Recent low-temperature experiments at the National Bureau of 
Standards have demonstrated that the quantum mechanical law 
of conservation of parity does not hoid in the beta decay of co- 
balt-60 nuclei. This result, together with experiments on parity 
conservation in u-meson decay at Columbia University, shatters 
a fundamental concept of nuclear physics that has been univer- 
sally accepted for the past 30 years. It thus clears the way for a 
reconsideration of current physical theories with the possibility 
of new, far-reaching discoveries regarding the nature of matter 
and the universe. 

Basically, parity conservation in quantum mechanics means 
that two physical systems, one of which is a mirror image of the 
other, must behave in identical fashion except for the mirror 
image effect. In other words, nature is symmetrical and makes 
no fundamental distinction between right and left-handed ro- 
tations or between the opposite sides of a subatomic particle. In 
the summer of 1956 a survey of experimental information on the 
question of parity concluded that the evidence then existing 
neither supported nor refuted parity conservation in the so- 
called ‘weak interactions,”’ such as emission of a beta particle or 
K-meson decay. 

A proposed experiment involved measuring the directional 
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intensity of beta radiation from oriented cobalt-60 nuclei. Po- 
larization of the nuclei can be achieved by cooling a paramagnetic 
crystal containing cobalt-60 below 0.01°K. and subjecting it to 
a magnetic field. At this temperature the effects of thermal 


‘agitation are so small that atomic nuclei can line up in a given 


direetion within the crystal lattice when a magnetic field is 
applied. The magnetic polarity of the nucleus is determined 
by its direction of spin; most of the cobalt-60 nuclei align them- 
selves so that their spin axes are parallel to the field. If parity 
is conserved in such interactions, then the intensity of the beta 
emission should be the same in either direction along the axis of 
spin. This, of course, was the critical question. 

The cobalt-60 was located in a thin (0.002-in.) surface layer of a 
single crystal of cerium magnesium nitrate. The schematic 
drawing shows the crystal placed in an evacuated flask which in 
turn was immersed in liquid helium within a Dewar flask sur- 
rounded by liquid nitrogen. An inductance coil on the surface 
of the inner flask was used to measure the temperature of the 
crystal in terms of its magnetic susceptibility. 

A major experimental problem was the location of a radiation 
counter within the evacuated flask for detection of beta particles. 
This problem was solved by placing a thin anthracene crystal 
inside the chamber to serve as a scintillation counter. The 
anthracene crystal was located about 2 cm. above the cobalt-6() 
source. Scintillations caused by beta particles striking the 
crystal were transmitted through a glass window and a +t. 
lucite tube acting as a light pipe to a photomultiplier at the top 
of the flask. The resulting pulses were counted on a 10-channel 
pulse-height analyzer. 

In addition to the beta counter within the vacuum chamber, 
two sodium iodide gamma scintillation counters were used ex- 
ternally to measure the directional intensity of the more pene- 
trating gamma radiation. In this way the investigators were 
able to determine the degree of polarization of the cobalt-60 
nuclei. The two gamma counters were biased to accept only the 
pulses from the photopeaks in order to discriminate against 
pulses from Compton scattering. 

Cooling to the low temperature necessary for nuclear «lign- 
ment was accomplished by the process of adiabatic demagneti- 
zation of the supporting cerium magnesium nitrate using a mag- 
netic field of about 23,000 oersteds. The heat produced by 
magnetization was removed by the boiling off of liquid helium 
in the surrounding Dewar. The specimen was then thermally 
isolated and upon demagnetization the temperature [ll to 
about 0.003°K. 

A vertical solenoid was then raised around the lower end of the 
outer Dewar to provide a magnetic field for polarization of the 
cobalt-60 nuclei. The polarization could be reversed |v re 
versing the current in the solenoid. It was found th:t the 
emission of beta particles is greater in the direction oppo-ite to 
that of the nuclear spin. Thus, a spinning cobalt-60 n icleus 
has a beta emission distribution that is not the same as (iat of 
its mirror image. This result unequivocally demonstrate: that 
parity is not conserved in the emission of beta partic! s by 
cobalt-60. 


—From National Bureau of Standards Technical Repo: 20% 
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Ay orpinary 110-volt tubular vacuum incandescent 
electric light bulb, a heated beaker containing molten 
sodium nitrate, and a piece of iron wire gauze dipping 
into the fused salt and connected to one terminal of 
the filament of the lamp, are all the essential equip- 
ment needed to obtain permanent bright silvery de- 
posits of sodium metal on the inside glass wall of the 
lamp, and to illustrate a variety of chemical and 
physical concepts and facts. The optional use of a 
milliammeter can demonstrate electrochemical re- 
lationships quantitatively. 

Figure 1 is a photograph of the assembly, and Figure 
2 is a line drawing to show the operation of the setup. 
The lamp socket has accessible terminals for connect- 
ing the filament to either 110-volt a.c. or d.c. The 
iron gauze, which acts as the anode, is connected to 
one terminal of the socket (through the ammeter, if 
used). Connection may be to either terminal with 
a.¢.-power but to the positive side only when the source 
is d.c. 

The lighted electric bulb is lowered into the fused 
salt bath to a depth of about one itich, with the Bunsen 
burner adjusted so that the surface of the molten: 
electrolyte just does not freeze. Temperature of the 
bath should then be about 350°C. Sodium metal 
will be deposited as a silvery condensate on the rela- 
tively cool inside surface of the glass bulb, near the 
base. 


Figure 1 
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SODIUM THROUGH GLASS 


A Lecture Demonstration Experiment 
Involving Electrons, Ions, and Atoms 


D. K. ALPERN 
Brooklyn College, Brooklyn, N. Y. 


Metallic sodium is formed on the vacuum side of the 
immersed glass wall of the bulb. Mobile sodium ions 
are reduced on the glass surface by combining with 
electrons emitted from the hot filament. This is 
indicated in the enlarged cross section of the glass 
bulb wall shown in Figure 2._ The removal of a sodium 
ion from the vacuum side glass surface creates an “ion 
hole.” The glass wall is under an electrical potential 
difference caused by the 110 volts between the iron 
as anode and one side of the filament acting as cathode. 
This potential difference causes mobile internal sodium 
ions to move toward the vacuum surface of the glass 
progressively, thus filling the ion hole created by the 
removal of the first sodium ion, and eventually creating 


T 
on HOV AC 


et 
METAL DEPOST 
AMP INCANDESCENT LAMP 
! 
Fe | 
| 
! 


aken 
me! i- 
POry, 
ively ie 
ol a 
+ ‘=>. | 
LAMP SOCKET : 
N | 
in 
/ 
j 
Figure 2 


another ion hole on the outer glass surface. A sodium 
ion from the fused electrolyte then enters the glass, 
filling the newly created vacant space. This pro- 

gressive sodium ion movement from the electrolyte 

and through the glass constitutes the electrolytic 

current within the glass structure. Such an ion move- 

ment takes place without endangering the mechanical 

stability or the network structure of the glass. The 

electrolysis can be stopped at any time, and examina- 

tion of the glass reveals no loss in mechanical proper- 

ties or in composition. Sodium ions from the fused 

salt electrolyte thus continuously replace those from 

the glass which have been reduced to atoms, and the 

weight of metallic sodium obtained inside the evacuated 

glass bulb is proportional to the number of coulombs 

used. 

According to Morey,! studies on the conductivity 
of glass were begun in 1859 by Buff.2 Morey credits 
E. Warburg and his associate, F. Tegetmeier,’ as 
being the first to show that the conductivity of soda 
glass was electrolytic, and that it was due to the 
movement of sodium ions. 

Warburg showed that the electrolysis took place in 
accordance with Faraday’s law, and that the sodium 
ions removed from the glass were replaced with sodium 
externally supplied from a sodium amalgam electrode. 
They further showed that the space within a glass 
left vacant by the removal of a sodium ion could not 
be filled with a potassium ion due to the size and con- 
figurational differences involved. Warburg reported 
the presence of metallic sodium within gaseous dis- 
charge (Geissler) tubes, with sodium electrolytically 
obtained from the glass bulbs used. These tubes, 
similar in design to the modern cold cathode neon 
tube, required about 1000 volts for operation. 

The use of the hot filament of an incandescent 
vacuum electric light bulb in place of the cold cathode 
in a Geissler tube as a source of electrons for com- 
bination with the mobile sodium ions from the glass, 
was first suggested by A. W. Hull of the General 
Electric Company. In 1925 R. C. Burt* used the 
Hull principle to produce commercially acceptable 
sodium photoelectric cells. He deposited sodium 
metal within an evacuated soda glass tube containing 
a hot filament, the tube being immersed in a molten 
bath of sodium nitrate. The sodium metal so ob- 
tained was found to be spectrally free of either calcium 
or potassium. His work was not only the first practical 
result of the concepts involved, but clearly showed the 
unique position of sodium ions in soda glass electrolysis. 
Attempts to pass potassium ions through the soda glass, 
using a fused potassium nitrate electrolyte, failed, the 
glass bulb developing mechanical cracks and leaks. 
Later, in 1926, Zworykin® was able to prepare potas- 
sium photoelectric cells by electrolysis of especially 
prepared potassium glass, sodium free, using a fused 
potassium nitrate electrolyte. In 1936 the present 


Morey, G. W., “The Properties of Glass,’’ 2nd ed., A.C.S. 
Monograph No. 124, Reinhold Publishing Corp., 1954. 

? Burr, K., Liebigs Ann. Chem., 110, 257 (1859). 

3 WarBurg, E., anp F. TEGETMEIER, Ann. physik. Chem., 21, 
622 (1884); 35, 455 (1888); 41, 18 (1890). 

4 Burt, R. C., J. Opt. Soc. Amer., 11, 87 (1925). 

5 ZworYKIN, V., Phys. Rev., 27, 813(A), (1926). 


writer® showed that failures in operation of a dynatro): 
type of radio transmitting tube used by the U. &. 
Air Force were due to are breakdown of a sodium met: 
atmosphere created within the tube. This radio 
tube was designed with an external grid electrode whicl., 
under the conditions of oscillation, became positively 
charged, and at the operating temperature between 
225° and 275°F. sodium ions of the glass moved to- 
ward the inner vacuum wall and were reduced to tlhe 
metallic state by the electrons coming from the cathode, 
thus creating the metal vapor during operation. 

Polycomponent glasses are electrical insulators at 
low temperatures because of a concomitant immobility 
of sodium ions, and not due to the absence of charged 
particles. Thus, similar to solid metal salts, glasses 
at low temperatures are ionized, but have very low 
activity coefficients. 

A soda glass composed of Na.O, CaO, and SiO, 
gives only sodium metal within the vacuum tubes 
discussed here. The effective ionization with respect 
to sodium is unique, the electrical conductivity of the 
glass being due almost entirely to the movement of 
sodium ions. If the calcium is present in the network 
as an ionic entity, it is sufficiently strongly bound 
electrically so that no mobility is detected in the 
presence of sodium ions within a temperature range of 
structural stability of the glass. 


VERSATILITY OF THE DEMONSTRATION 


The equipment described here has been used for 
years by the writer in his lectures in general chemistry, 
and in senior and graduate laboratory experiments, 
when discussing the following concepts: 

Electrons are emitted from a hot filament (cathode). 
The negatively charged electrons are attracted toward 
the glass when the external electrode is positive and 
corresponds to the “plate current” of a radio tube. 
By inserting a variable resistance or a variable-voltage 
transformer, the filament current can be varied, thus 
varying the emission of electrons and hence the plate 
current, and an 7, vs. 7, curve can be plotted. 

Reversal of polarity of the external electrode (the 
iron wire gauze) from positive to negative drops the 
electron current (“plate current’’) through the vacuum 
to substantially zero, as the negative external electrode 
will repel the electrons. The device can therefore act 
as a rectifier, changing alternating current to pulsating 
direct current. 

A magnetic or electric field placed around the bulb 
can deflect the movement of the electrons. I! the 
deflection returns the electrons to the filament before 
reaching the hot glass, the 7, current will become zero. 
This illustrates the principle of the magnetron de- 
veloped by A. W. Hull? and now used in radar and 
other pulse circuits. 

Sodium atoms are formed whenever and wherever 
sodium ions combine with electrons. Sodium etal 
can be evaporated in a vacuum and subsequently 
condensed on a cool surface within the vacuum cham- 
ber as a silvery bright metal which will remai) w- 
tarnished indefinitely if kept out of contact with 
oxygen. Thin films of metal are transparent. This 


6 ALPERN, D. K., Consulting report to the Amperex Elec ronic* 
Corp., 1936. 
7 Huu, A. W., Phys. Rev., 25, 645 (1925). 
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ean be observed by. noting the increase in opacity as 
the thickness of the sodium metal deposited inside the 
bulb increases. 

Ionization of sodium atoms in the vapor state, and 
subsequent recombination with electrons, results in 
the emission of the characteristic sodium yellow light. 

The mass of sodium metal deposited within the 
vacuum lamp follows Faraday’s law; thus the latter 
ean be checked, or the equivalent weight of sodium 
determined, by using this assembly as a coulometer 
with the ammeter in circuit. 

The electrolytic conductivity of soda glass is due 
almost entirely to the movement of sodium ions. At 
low temperatures (room temperature or below) the 
mobility of the sodium ions in the glass structure is so 
low that the glass acts as an electrical insulator. With 
increasing temperature the conductivity of glass in- 
creases and parallels the increasing mobility of sodium 
ions in the glass. Thus a higher temperature of the 
glass increases the rate of sodium metal deposition 
within the bulb. Sodium ions may move through the 
glass network while the glass is sufficiently rigid to 
maintain itself structurally. The conductivity of 
fused salts is increased as the temperature is raised. 

Ion “holes” are produced in glass when sodium ions 
are removed from the glass without being replaced 
by other sodium ions. Sodium ions removed from 
glass may be replaced with similar ions from a fused 
salt reservoir. When the electric light bulb is heated 
while closely wrapped in the iron wire anode, but 


without the fused salt bath, Na metal is deposited 
within the vacuum bulb for a short time until the 
glass bulb shatters; the fracturing is due to the de- 
velopment of a sufficient number of ion holes so as to 
place an undue mechanical strain on the bulb while it 
is still subjected to atmospheric pressure. When 
KNO,; is used in place of the NaNO; as the fused salt, 
a small amount of sodium metal is observed within 
the vacuum tube and shortly thereafter the glass 
cracks. This is due to the fact that the holes produced 
in the glass by the removal of Na+ cannot be filled by 
the larger K+ from the KNO;. 

The photoelectric effect, and the preparation and 
characteristics of photoelectric cells can be observed. 
A metal terminal of ‘“dumet’’ fused through the glass 
bulb so as to be in contact with the deposited sodium 
layer will serve as “cathode” when the finished bulb 
is used as a sodium photoelectric cell. Maximum 
sensitivity will be at 4200 A. 

By considering the glass as a semipermeable mem- 
brane, it is possible with this assembly to separate 
sodium ions from a mixture of, say, sodium and po- 
tassium ions in the fused bath, thus producing a selec- 
tive electrofiltration. 

The operation of this equipment illustrates the 
principles followed in the commercial production of 
metals such as magnesium, beryllium, aluminum, 
etc., as well as the alkali group, by electrolysis of 
fused salts and collection of the metal out of contact 
with air. 


Tue usual device for electrolysis of water is the bulky, 
fragile, and relatively expensive Hoffman apparatus. 
The apparatus here described is easily constructed and 
suitable for individual laboratory work by high-school 
chemistry students. Twenty or more such sets of ap- 
paratus can easily be stored in little space. 

A polyethylene or clear plastic dish, such as a butter 
dish cover, a refrigerator bowl, or an ice-cream custard 
cup, serves as the base of the apparatus. Two holes 
of suitable size are melted through the bottom of the 
dish by applying the heated mouth of a four-inch test 
tube. The electrodes, fused into glass tubing, are in- 
serted in rubber stoppers and the stoppers placed in 
the plastie dish as shown in the diagram. The dish is 
mounted on a tripod, filled with acidulated water to just 
above the level of the electrodes, and the filled test 
tubes are inverted over the electrodes. 

The filament supports of a photoflood lamp or a 
high wattage projection lamp may be used as the 
‘lectrodes. If such electrodes are used, the polarity, 
once established, should be retained. 
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» A SIMPLIFIED ELECTROLYSIS APPARATUS 


LOUIS TEICHMAN 
George Washington High School, 
New York, N. Y. 
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Tue National Cooperative Undergraduate Chemical 
Research Program (NaCUR) was organized at the 1948 
Fall Meeting of the American Chemical Society in St. 
Louis to stimulate undergraduate research interests 
and to supply some data missing from the chemical 
literature. To some extent, NaCUR is now inter- 
national in scope with the listing of a project by a 
teacher in Israel and the participation of students in 
foreign lands in at least one project. Also, it has now 
become apparent that it is serving two additional pur- 
poses: encouraging teachers in small schools to revive 
their research interests and offering industry opportuni- 
ties to cooperate with colleges in interesting students 
in chemical careers. 

This excerpt from a letter is being quoted because it 
lists so many of the benefits gratefully enumerated by 
other teachers in small colleges where heavy teaching 
loads, few chemistry majors, and limited funds have 
previously discouraged attempts at student research: 


....Two seniors are working on the project. Not too much 
progress has been made as yet in terms of actual laboratory work, 
but the project is proving to be a real educational experience for 
the girls. They have learned something of how to do a literature 
search, had the opportunity to try out their “‘scientific’’ German, 
have become familiar with the Crerar Library, and are now find- 
ing out that the yields in the literature are not always the ones 
they obtain in the laboratory. 

We are all convinced of the value of projects of this type. One 
of the girls has become so interested in nucleophilic substitution 
that she plans to go on to graduate school to work in this field. 
She has applied for a junior Fulbright for Australia where a lot of 
work of this type is being done, but, if she is not a recipient, she 
will continue her work in this country. 


The following projects for the 1957-58 school year 
are listed according to the usual outline: 


(a) Typical unit assignment. 

(b) Special equipment needed. 

(c) Special chemicals needed. 

(d) Minimum student prerequisite. 
(e) Name and address of director. 


ANALYTICAL PROJECTS 


1. Quantized Qualitative Analysis: a New Approach to System- 
atic Qualitative Analysis 
(a) Determine the number of milligrams (in solution) of 
each of a group of cations required to give a charac- 
teristic reaction with 1.0 ml. of each of several dif- 
ferent reagent solutions under specified conditions. 
(b) Twenty-four small reagent bottles (30-100 ml.) with 
droppers in the stoppers, or any convenient means 
of counting the drops of solutions used. 
(c) Salts to prepare the cation solutions. 
special organic reagents. 


Sometimes 


NATIONAL COOPERATIVE UNDERGRADUATE 
CHEMICAL RESEARCH PROGRAM 


ETHALINE CORTELYOU 
Armour Research Foundation, Chicago, Illinois 
W. P. CORTELYOU 

Roosevelt University, Chicago, Illinois 


(d) Completion of a course in systematic qualitative analy- 
sis. 

(e) W. P. Cortelyou, Roosevelt University, Chicago 5, 
Illinois. 

2. The Importance of Some Simple Quantitative Techniques and 
Errors 

(a) Single deflection weighing. 

(6) Usual instruments and equipment needed for gravi- 
metric quantitative analysis. 

(c) Quantitative analysis. 

(e) Ethaline Cortelyou, Armour Research Foundation o/ 
Illinois Institute of Technology, Chicago 16, Illinois 

3. Classification of Cations Based on Qualitative Chromato- 
graphic Separation by Means of Specific Solvents 

(a) Determine the 2; values for a group of cations employ- 
ing as solvents specified mixtures of two alcohol 
diluted with (a) water and (b) acetic acid. Keep 
temperature, cation concentration, and development 
time constant. 

(b) Sheets and rolls of Whatman filter paper prepared for 
paper chromatography. Wide-mouthed jars or bot- 
tles, 12-15 in. tall, are useful. 

(c) Salts to prepare cations. Solvent solutions, e.g., acetic 
acid, sulfuric acid, butanol, isopropanol, and other 
alcohols, if desired. 

(d) General chemistry and some qualitative analysis. 

(e) Sister Mary Alice, Associate Professor of Chemistry, 
Mount St. Mary’s College, Los Angeles 49, Califor- 
nia. 

4. The Development of Quantitative Volumetric Determination of 
Paint Pigment Constituents 

(a) Comparison of five assigned internal indicators for the 
titration of zinc: 

(c) Special indicators assigned. 

(d) Quantitative analysis. 

(e) Clovis Adams, The Sherwin-Williams Company, 115th 
Street and Cottage Grove Avenue, Chicago, Illinois 

5. The Detection of Ions by Differential Diffusion 

(a) To devise methods for detecting the presence of anions 
and cations by their different rates of diffusion in 
gelatinous media, such as concentrated gels of gels- 
tine or polyalcohols. 

(b) Petri dishes, watch glasses, and reagent bottles with 
droppers in the stoppers. 

(c) Salts to prepare ionic solutions and developers; al 
organic reagents. 

(d) General chemistry and qualitative analysis. 

(e) Marvin Antelman, Monsanto Chemical Company. 
Creve Couer, St. Louis, Missouri. 


GENERAL CHEMICAL PROJECTS 


6. Solubilities of Inorganic Sulfamates in Water ; 

(a) Determination of the solubility of barium sulf: mate ! 
water at 20°, 30°, 40°, and 50°C.; includes } repar 
tion and purification of the barium sulfamat:. 

(b) Screw-capped bottles of approximately 125-mi. cap 
ity; suitable shaking device for six or eight }. ttles 
a thermostat. 

(c) Reagent grade sulfamic acid. 

(d) Good background in quantitative analysis. 
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(e) Sister Agnes. Ann, Immaculate Heart College, Los 
Angeles 2, California. 

Solubilities of Inorganic Halides (Other Than Fluorides) in 

Organic Solvents 

(a) Determination of solubility of lithium bromide in n- 
butyl alcohol at 0°, 25°, and 100°C. 

(b) Constant-temperature bath; screw-capped glass bot- 
tles of approximately 100-125 ml. capacity; shaking 
device. 

(c) None other than good grade solvent and solute. 

(d) One quarter of quantitative analysis or at least be 
pursuing same. 

(e) Kirby E. Jackson, University of Alabama, University, 
Alabama 

Determination of the Densities of Various Solutions at Various 

Temperatures 

(a) Determination of the densities of solutions of a specific 
solute in one or more solvents at various temperatures 
and concentrations. 

(b) Analytical balance and pyknometer or blow torch and 
glass tubing to make pyknometer. 

(c) Specified solute and solvents. 

(d) Freshman chemistry. 

(e) A. G. Pinkus, Department of Chemistry, Baylor Uni- 

versity, Waco, Texas. 


ORGANIC PROJECTS 
9. 


Preparation and Characterization of Diamides from Methylene 
Bis-(4-phenyl isocyanate) and Alkyl or Aryl Bromides 
Through the Grignard Reaction: 


(Then HCl) 


H O 
+ 2MgXCl 


Condensation of the RMgX compounds of three or 
four alkyl or aryl bromides with methylene bis-(4- 
phenyl isocyanate) and subsequent hydrolysis to the 
diamide, methylene bis-(p-acyl aniline). The puri- 
fication of the diamides and determination of physical 
constants. 

(b) Two-neck, round-bottomed flasks. 

(c) Methylene bis-(4-phenyl isocyanate), alkyl or aryl 
bromides, metallic magnesium for Grignard reagents, 
dry ether. 

(d) Elementary organic chemistry. 

(e) = Bossert, Ohio Wesleyan University, Delaware, 

0. 

Preparation and Properties of Acylacenaphthenes 
(a) — and properties of 5-(p-toluyl)-acenaph- 

thene. 

(b) General organic laboratory equipment. 

(c) Acenaphthene, p-toluyl chloride, carbon disulfide, hy- 
droxylamine hydrochloride, phenylhydrazine hydro- 
chloride, etc. 

(d) Organic chemistry. 

(e) Edith J. H. Chu, Immaculate Heart College, Los 

Angeles 27, California. 


(a) 


. Characterization of Amines as Salts of Oxalic Acid 


(a) Preparation and crystallization of desired salts and 
determination of melting points of these derivatives. 

(6) Good standard thermometer. 

(c) Primary amines. 

(d) Two semesters of organic chemistry and preferably a 
course in qualitative organic chemistry. 

(e) Harry Cohen, Roosevelt University, Chicago 5, Illinois. 

Preparation of Certain Schiff Bases and Their Reduction with 
Lithium Aluminum Hydride 

(a) Synthesis of octadecylbenzylideneamine and reduction 
to N-octadecylbenzylamine. 

(b) Three-neck flask, mechanical stirrer, Claisen flask, 

_ _ and, for most preparations, a vacuum pump. 

(c) Lithium aluminum hydride. 

(d) Elementary organic chemistry. 

(e) Bertin L. Emling, St. Vincent College, Latrobe, Penn- 
sylvania. 
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14. 


15. 


The Reaction of Phenols with Activated Aryl Halides 

(a) The product of phenol, 2,4-dinitrofluorobenzene, and a 

tertiary amine catalyst is isolated and purified. The 
melting point is the physical property sought. 

(b) Ordinary laboratory apparatus. 

(c) A series of phenols and 2,4-dinitrofluorobenzene (East- 
man or Matheson). 

(d) Organic chemistry. 

(e) John D. Reinheimer, The College of Wooster, Wooster, 
Ohio. 

Condensation of Aminoacetonitrile with Various Ketones to 
Yield the Corresponding Schiff’s Bases 

(b) Usual organic chemical equipment. 

(d) Elementary organic chemistry. 

(e) Edward Ronwin, Department of Chemistry, Mount 
St. Mary’s College, Los Angeles 49, California. 

Characterization of Homologous Series of Amines and Hy- 
droxyamines as Tetraphenylborates 

(a) Form the tetraphenylborate derivatives of several re- 
lated amines and determine their melting points and 
approximate water solubilities. 

(b) Reagent grade sodium tetraphenylboron and _ the 
amines to be studied. 

(c) Completion of a course in organic chemistry. 

(d) W. W. Wendlandt, Texas Technological College, Lub- 
bock, Texas, and A. J. Barnard, Jr., Director, Tech- 
nical Information, J. T. Baker Chemical Company, 
Phillipsburg, New Jersey. 

The Characterization of the Phenols as Their 2,4- and 8,4- 
Dichlorobenzoates 

(a) Preparation of the various pheny!] esters of 2,4- and/or 
3,4-dichlorobenzoic acid by esterification of the 
phenols with the dichlorobenzoy! chlorides and pu- 
rification of the esters by recrystallization. 

(b) General organic laboratory equipment including an ac- 
curately calibrated 360°C. thermometer. 

(c) 2,4- and 3,4-dichlorobenzoyl chlorides (Eastman), a 
series of phenols, anhydrous pyridine, benzene, meth- 
anol, and ethanol. 

(d) Elementary organic chemistry and a prior or concur- 
rent course in qualitative organic analysis. 

(e) Robert G. Johnson, Xavier University, Cincinnati 7, 
Ohio. 

Preparation and Characterization of Substituted Diaryl 

Thioureas 

(a) Preparation and identification of diaryl thioureas, with 
a substituent (Cl, Br, NO., CH;, OH, ete.), on both 
or only one phenyl! nucleus in different positions 
(0, m, or p). 

(b) General organic laboratory equipment. 

(c) Aryl amines, aryl isothiocyanates, carbon bisulfide, 
and common organic solvents. 

(d) Completion of course in organic chemistry and quanti- 
tative analysis. 

(e) J. F. Deck, University of Santa Clara, Santa Clara, 

California. 


PHYSICAL PROJECTS 


18. 


19. 


Determination of Refractive Indexes of Binary Liquid Mizx- 
tures at Various Concentrations and Various Tempera- 
tures 

(a) Determination of refractive indexes of dioxane-ethylene 

glycol solutions of various concentrations at some 
given temperature. 

(b) Good refractometer, constant-temperature water bath, 

circulating pump. 

(c) The liquids to be used. 

(d) Elementary quantitative analysis and elementary or- 

ganic chemistry. 

(e) R.I. Rush, Centre College, Danville, Kentucky. 

Determination of the Reliability of Ideal Laws in Typical 
Practical Circumstances 

(a) Determination of the molecular weight of naphthalene 

from its freezing point depression in benzene at 
several concentrations to observe departure from 
ideality as a function of concentration. 

(d) Physical chemistry. 

(e) Nathan Yagol, Roosevelt 

Illinois. 
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20. Chemical Means of Cleaning Ultramicro Pipets 

(e) George F. Hand, State Microscopical Society of Illinois, 

7512 Oleott Avenue, Hammond, Indiana. 
21. Anion-exchange Constants for Thiocyanate Complexes 

(a) Determine the distribution of a given metal between 
an anion-exchange resin and an aqueous solution, 
containing a constant concentration of the metal 
(or thiocyanate), and varying concentrations of the 
thiocyanate (or the metal), when a certain weight of 
resin is shaken with a certain volume of the aqueous 
solution. 

(b) Shaking machine, flasks with ground glass stoppers, 
usual quantitative analytical equipment (a colorim- 
eter is helpful). 

(c) Anion-exchange resin, Dowex-1, 100-200 mesh, X-10. 

(d) Quantitative analysis and, concurrent with research, 
physical chemistry. 

(e) Y. Mareus, Weizmann Institute of Science, Rehovot, 
Israel. 


Any teacher having a student interested in partici- 
pating in one of the listed projects should write directly 
to the project director asking for an assignment for the 
student. The project director will issue an assignment 
requiring approximately 50 hours of work for comple- 
tion (any necessary library research, the laboratory 
work, and preparation of the report). Usually an 
assignment will be made to two or more students in 


different schools. Each student works under the 
direction of his own teacher to complete the assignmeitt. 
When a student has completed an assignment, iis 
teacher sends the student’s report to the project direc- 
tor. 

Each project director sets his own criteria for accept- 
ing or rejecting a report; often acceptance is based 
upon results from two or more students that check each 
other. Each student whose results are accepted receives 
a Certificate of Acceptance signed by the president and 
secretary of Handbook Publishers, Incorporated, which 
furnishes the certificates; by his teacher; and by the 
national project director. 

Suitable data may be selected for publication in the 
“Handbook of Chemistry.”’ Data obtained on several 
assignments of a project may be published as an article 
in a chemical journal with full credit given to all 
students and schools supplying acceptable results. 

Any teacher or industrial chemist interested in 
directing a new project should write to one of the 
authors; a project is listed under the direction of the 
first person requesting it. An outline of a projeci for 
the 1958-59 school term must be sent to one of the 
authors by January 10, 1958. 


Tue appearance of the report by Bassett! in these 
pages suggests that it may be of interest to readers to 
be reminded of the “honors courses” in chemistry that 
have been conducted by Swarthmore since 1926.” 

The early part of Professor Bassett’s paper might 
serve as well as an introduction to the Swarthmore 
Honors plan, except that the latter was not induced 
by inflationary enrollment, but only by concern for 
the abler student. A Swarthmore degree with honors 
is not a reward for high grades, but the end result 
of a system of teaching whose main points are: (1) 
to release the student from attendance at classes during 
his last two years and thus to free him from the de- 
terrent effect of his less able fellows; (2) to enable him 


1 Bassett, L. G., THIS JOURNAL, 33, 636 (1956). 

2 For more complete accounts of the program at Swarthmore 
and other institutions see: Brooks, R. C., ‘““Reading for Honors 
at Swarthmore,’’ Oxford University Press, American Branch, 
New York, 1927; THe SwartHMoRE CoLLEGE Facutry, “An 
Adventure in Education. Swarthmore College under Frank 
Aydelotte,’’ The Macmillan Company, New York, 1941. Many 
other references are given in this work; AYDELOTTE, F., “Break- 
ing the Academic Lockstep. The Development of Honors Work 


in American Colleges and Universities,’’ Harper & Bros., New 


York, 1944; Creicuton, H. J., ruts JouRNAL, 12, 260 (1935). 


READING FOR HONORS IN CHEMISTRY 


DUNCAN G. FOSTER 
Swarthmore College, Swarthmore, Pennsylvania 


to concentrate better on his major and two or more 
related minor subjects, (a) by requiring him to study 
only two subjects at a time, (b) by allowing him to 
proceed more or less at his own pace by means of guided, 
but not necessarily assigned reading, and by weekly 
conferences in small groups of eight or less; (3) to 
relieve him of the necessity of taking mid-semester and 
semester examinations with the attendant danger of 
“cramming” and the invidious practice of working for 
grades, (no grades are given to honors students); 
(4) to test his knowledge of his whole field of study bya 
series of examinations at the end of his senior yeat. 
These examinations are both written and oral and are 
set and conducted, respectively, by outside examiners, 
invited from other institutions. No grades are give! 
here either, but the examiners themselves decide on 
the degree to be awarded, which may be “Honors, 
“High Honors,” or “Highest Honors.” 

There is actually no compulsion on a student to 
attend the weekly group meetings, or “seminars. 
They are offered as a means of preparation for the 
senior examinations, and occasionally a student has 
prepared himself by individual reading, has absented 
himself from many of his seminars, and has still re 
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ceived his degree, but this has been so rare as to be 
almost non-existent. 

Naturally the conduct of seminars varies with indi- 
vidual instructors. The ideal of guiding reading, 
pointed up by free discussion in weekly meetings, can 
be attained only in the humanities and the social sci- 
ences where discussion could reasonably end in a 
legitimate difference of opinion between the student 
and his instructor or his sources. In the sciences 
there is too much factual material to be mastered before 
a student arrives at the point where original opinions 
have any value. He is unlikely to reach this point 
as an undergraduate, hence discussion can only pro- 
ceed to a complete understanding of the facts. For 
this reason the science seminars are more likely to be 
conducted by definite reading assignments, which are 
talked over in the conference until a good understand- 
ing has been reached. 

Perhaps the most effective way to describe the op- 
eration of the honors system is to follow a chemistry 
major through his college career. In his freshman and 
sophomore years he takes the following subjects in 
preparation for his major: two semester courses in 
general chemistry, the second of which is mostly sys- 
tematic qualitative analysis, two semester courses in 
organic chemistry, four semester courses in college 
mathematics and two semester courses in physics. 
A premedical student will also take two semester courses 
in biology. In addition, a reading knowledge of Ger- 
man is required, which may be attained partly by high- 
school credits, by taking four semester courses in 
German, or, if his schedule will not permit this, a 
two-semester special reading course. The remainder 
of his sixteen to twenty semester courses are divided 
among other subjects according to this college’s idea 
of a liberal education. 

In the spring of his sophomore year, our student 
applies for admission to the Honors Program with the 
major in chemistry. He does this on the advice and 
with the help of his faculty adviser, and submits at 
the same time an outline of his proposed work. This 
will normally consist of four seminars in chemistry; 
one in analytical chemistry, one in organic chemistry 
and either two in physical chemistry or one in physical 
and one in inorganic chemistry, two seminars in mathe- 
matics and two in physics. However, some variation is 
allowed here, especially for students who wish to be- 
come biochemists, physicians, or the like. It is also 
possible under certain conditions to reduce the total 
number of seminars to seven, or even to six, the balance 
of the work being done in the regular courses. 


The acceptance of the student into honors is done by 
the faculty of the Division of Mathematics and the 
Natural Sciences, which comprises the departments 
of biology, chemistry, mathematics and astronomy, 
physics, psychology and electrical engineering. There 
is no set standard of attainment which automatically 
admits a student to honors work. Good grades are, of 
course, to the student’s advantage, but of even more 
importance are the opinions of his instructors as to 
whether he has the intellectual qualifications to benefit 
by the honors method of study. By this time at least 
four members of the Division faculty will have had 
the student in class and are in a position to evaluate 
his abilities. It is obvious that Division meetings for 
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the purpose of selecting honors students are tedious 
and lengthy, but this is nevertheless an extremely 
effective method of choosing candidates. 

Concurrently with a consideration of the candidate’s 
abilities, his proposed program of study is discussed. 
Considerable variation from the norm described above 
is often allowed, the criterion being whether or not 
the program makes educational sense for that particular 
student, taking into account the student’s professional 
plans. One of the most extreme cases of this sort 
was a girl who intended to study the history of ‘mathe- 
matics. She was permitted to major in mathematics, 
with minor seminars in the classics. Often a student 
is accepted for honors work subject to a recommended 
change in his program. 

Having been accepted into honors, the student en- 
rolls in his junior year in the appropriate seminars, 
one each in his major subject and in a supporting sub- 
ject. In chemistry the order in which these seminars 
are taken is: analytical and elementary physical 
chemistry in the junior year, organic chemistry and 
advanced physical chemistry (or inorganic chemistry) 
in the senior year. At the end of the junior year he 
is required to take such of the senior examinations as 
he is prepared for, merely as a trial. His papers are 
read and evaluated by his instructors, and if he does 
poorly he may be asked to drop from honors, in which 
case his seminar instructors assign him grades, which 
are recorded as grades in the equivalent regular courses. 
In addition to this, a student who is doing poor work 
in one or more seminars may be required at any time 
to take an examination in that subject, the result of 
which may bring about a change in his program or 
even cause him to be dropped from the honors course 
altogether. 

At the end of the student’s senior year he takes a 
three-hour written examination in the subject of each 
of his seminars. As previously stated, these papers 
are set by outside examiners and are returned to them 
immediately for evaluation. A few days later the 
examiners visit the campus and conduct ten-to twenty- 
minute oral examinations for each candidate. These 
examinations are, in the sciences at least, open to the 
public. At their conclusion the examiners meet and 
decide upon the grade of honors to be awarded each 
candidate. If the candidate should not pass, his papers 
are turned over to his instructors for grading, he may 
be further examined, and he may or may not be awarded 
a degree in course. , 

The seminars in chemistry, in general, consist of a 
weekly three-hour conference (which almost invariably 
lasts much longer), and one full day of laboratory 
work. The seminar in quantitative analysis has 
varied considerably over the twenty-eight years the 
writer has conducted it. At present, chemistry majors 
who enter it have had only the freshman work in quali- 
tative analysis so that all of their quantitative analysis 
must be given in the single seminar. Two instructors 
conduct it, but this is only a means for equalizing the 
present teaching loads, and normally one would do so. 
It is scheduled to take place on two successive days, 
which makes for a better continuity of laboratory 
work; the other seminar which the students take 
concurrently being ideally at the other end of the 
week. Weekly basic reading assignments are given 


4 
| 


from a single text. In addition one or two papers on 
aspects of the same subject are assigned to individual 
students, making use of sources available in our 
library, some of the sources, at least, being suggested 
by the instructors. Copies of the papers are distrib- 
uted to the students ahead of time and the papers are 
read and discussed in the conferences. From time to 
time no papers are assigned and the conference is de- 
voted to problem work. 

The laboratory portion of the seminar meets under 
the other instructor all of one day (eight hours) and 
the afternoon of the next day (four hours). Another 
afternoon is also available but not required. The work 
is essentially the same as that given in the two one- 
semester courses, but since the honors students can 
do from one-quarter to one-third more work in the 
same time, more difficult determinations are given and 
a certain amount of instrumental work can be included, 
such as electrometric titrations, polarography and spec- 
trophotometry. Specific methods of analysis are as- 
signed, but the students are encouraged to keep in 
constant touch with the literature, to compare the 
merits of different methods, and to try variations when 
they get into trouble. The instructor is in constant 
attendance at these laboratory periods and is usually 
kept busy the entire time with individual instruction 
in both practice and theory. 

The arrangements just described could admittedly 
be improved. Specifically a course in elementary quan- 
titative analysis should precede the seminar in the 
sophomore year as used to be the case, allowing for 
more advanced work and more instrumental methods 
in the seminar. The tremendous increase in the 


volume of material in all branches of chemistry men- 
tioned by Professor Bassett, coupled with an increase 
in the number of “liberal arts” courses now required 
by the College, has made this impossible. 

An evaluation of the results of the honors method of 
instruction is difficult to make. After thirty-odd years 
we have come to take it for granted that it is superior 
to the course system. Our honors graduates do well 
in graduate schools, but there is no way of telling 
whether, being superior students in the first place, they 
might not have done as well had they graduated in 
course. Some graduate schools report that our honors 
students are almost ready for the master’s degree, and 
at least one has been willing to accept them without the 


Tue Board of Directors of the American Chemical Society has 
announced an expanded program fcr research and advanced 
scientific education in the petroleum field in connection with its 
administration of the Petroleum Research Fund Trust. Dr. 
Ralph Connor, Chairman of the Board of Directors of the Society, 
in making the announcement said: “. . .The additional funds 
made available during the past year have, we feel, justified us in 
making two immediate changes in our program: 

“We have committed ourselves to a minimum budget for a 
three-year period. Prior to this time the Advisory Board has not 
made commitments for more than one year. A limitation of this 
period is a serious one in making plans for the prosecution of any 
difficult research program. We feel that the ability to make 
longer commitments will make this a much more effective 
operation. 

‘‘We have authorized the Advisory Board to undertake other 
types of activities permitted under the Trust. Up to now, the 
funds have been spent for supporting specific research projects re- 
lating to the petroleum field.” 

As stated by Dr. Connor, the new activities planned embrace 
the following: 

(1) Grants to selected staff members of undergraduate institutions 
for research that would stimulate student interest in advanced 
scientific education. 

(2) Grants to outstanding scientists for the purpose of scientific 
research of their own choosing (rather than designated projects) 
so long as this may be of value to the petroleum field. 


ACS PETROLEUM RESEARCH FUND BROADENS SUPPORT OF UNDERGRADUATE CHEMICAL EDUCATION 


usual examination. The students themselves report wit 
pretty generally that they find the standard method of ine 
instruction used in most graduate schools something enc 
of a letdown after the stimulation of the honors method, of | 
and especially they miss the close relations between vol 
faculty and student which the latter entails. They cen 
also report that there is sometimes considerable repe- aba 
tition of material in the first year or two of graduate illes 
work. T 
In conclusion, it ought to be said that not all of our vari 
students who are capable of doing so elect to enter the silve 
honors course. This is because a major in course has dete 
a somewhat wider choice of subjects than is possible proc 
under the honors system, with its rather high degree equi 
of specialization, and those who wish a more liberal istry 
education will sometimes prefer to stay in course. satis 
More will be likely to do so in the future, because in in tl 
the past year it has become possible to obtain a “degree qual 
with distinction” in the course program. instr 
rega. 
Tl 
liters 
large 
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comn 
(3) Sending American scientists abroad for advanced study Coppe 
and bringing foreign scientists to this country as visiting lec- Howe 
turers. agree. 
(4) Grants to a few professors of undergraduate students to permil this (: 
them a year of advanced study. : Th 
The Petroleum Research Fund Advisory Board met on May 30 
to consider requests for support under the expanded program and On a | 
to make specific recommendations to the Board of Directors of the photo 
Society. It will also meet in November, earlier if necessary, to report 
act on further requests for support, including additional requests deterr 
for projects now in progress or projects of a similar type. tation 
Requests for support should be submitted to the Secretary, : 
Petroleum Research Fund Advisory Board, American Chemical thioey 
Society, 1155 Sixteenth Street, N. W., Washington 6, D. ©. accura 
Twenty copies of each request are needed. These should include Adi 
a brief statement of the applicant's professional qualifica (ions, The 
list of his or her scientific publications, some description of the : 
work to be undertaken or study plans to be followed, «nd a” upside 
itemized budget showing how the money will be spent. 4"/p in. 
The Advisory Board recognizes that only the principal it- drilled 
vestigator can judge how funds can be used to obtain the | vest Te- botton 
sults. _ Therefore, while it wishes to have a budget that will serve fasten 
as an indicator of scope of program, at the same time it does not — 
wish to hamper the progress of research by requiring strict a¢- 'The 
herence to a detailed budget. However, material deviations from Fulton § 
a budget as originally submitted and approved shall not be made Metal G 
except with the approval of the Advisory Board. Texas. 
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Dvnrine the past two years an experiment dealing 
with the quantitative analysis of an alloy has been 
included in our general chemistry program with 
encouraging results. The experiment is an elaboration 
of the old and formerly popular procedure which in- 
volved the determination of the silver content of a ten- 
cent coin (1), an experiment which has been generally 
abandoned due to the fact that destruction of coins is 
illegal (2). 

The materials used for analysis in this experiment are 
various silver brazing alloys, with a wide range of 
silver and copper content. Both metals can easily be 
determined in one laboratory period providing certain 
procedures are followed. Considering the type of 
equipment necessarily employed in the general chem- 
istry laboratory for this purpose the results are very 
satisfactory. The experiment may be logically included 
in the laboratory program upon the completion of the 
qualitative analysis studies. In general interest and 
instructional value, the experiment has been highly 
regarded by the students. 

Thirty-five silver-brazing alloys are listed in the 
literature of the manufacturers, and are composed 
largely of varying amounts of silver, copper and zinc.' 
The alloys are produced in the form of a wire about 
2.5 mm. in diameter—from which it is convenient to 
cut sections that will result in optimum working weights 
and volumes for analytical purposes. These samples, 
incidentally, will cost about five cents each. The 
commercial limit for the variation of the silver and 
copper composition from the nominal values is + 1.00%. 
However, according to the manufacturer, the general 
— with listed values is much better than 
this (3). 

The copper analyses are carried out colorimetrically 
on a nitric acid solution of the alloy. A very simple 
photometer, described in a following section of the 
report, was assembled for this experiment. Silver 
determinations can be made gravimetrically by precipi- 
tation of the chloride or volumetrically by titration with 
thiocyanate. The latter procedure proved to be more 
accurate and much faster in the hands of our students. 

A diagram of the photometer is shown in the figure. 
The unit is housed in a wooden chalk box (A) mounted 
upside down on a wooden base. A 1-in. I. D. brass tube 
4'/s in. long (B), which fits very snugly through a hole 
drilled in the box, serves as a test tube holder. The 
bottom of the brass tube fits over a rubber stopper (C) 
fastened to the wooden base. The rubber stopper acts 


‘The alloys were manufactured by Handy and Harman, 82 
Fulton Street, New York 38, N. Y., and were purchased from 


a Goods Corporation, 6211 Cedar Springs Road, Dallas 9, 
exas. 
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both to secure the brass tube and to cushion the 


sample tubes. A '/2-in. hole is drilled through the 
brass tube 1'/. in. from its bottom, and a similar hole is 
drilled in the proper position in the side of the box. 
On the back of the box, in line with the holes in the 
brass tube and the box, a Weston model 594 Photronic 
photocell (D) is secured. The two terminals of the 
photocell are connected to a Westinghouse RX35 0-60 
microampere ammeter (£) mounted in the top of the 
wooden box. For pedagogical purposes the box is not 
fastened permanently to the baseboard but is fitted 
into a grooved recess cut in the base. Hence, the 
housing can be lifted and inverted to show the nature of 
the apparatus. The light source is a 100-watt bulb 
clamped to a ring stand situated close to the hole in the 
box. The intensity of light passing through the ap- 
paratus can be adjusted either by means of a variable 
transformer, and/or by moving the ringstand. 


EXPERIMENTAL PROCEDURES 


Dissolution of the Sample. Weigh two alloy samples (about 3 
em. in length and weighing about 1.5 g.) on a small triple-beam 
balance, place them in 50-ml. Erlenmeyer flasks, and introduce 10 
ml. of dilute HNO;. Heat the flasks gently on a hot plate in the 
hood and occasionally rotate to swirl the contents. In case hood 
space is not available, an inverted funnel may be clamped over 
the mouth of the flask and attached to an aspirator to dispose of 
the corrosive vapors. Another technique involves fitting a piece 
of bent glass tubing to the flask by means of a rubber stopper, 
with the end of the tubing just above a few ml. of dilute alkali 
in a small beaker. These two procedures involve the sacrifice 
of a short piece of rubber tubing or a stopper. After the samples 
dissolve it will be necessary to boil the solutions gently for about 
one minute to expel oxides of nitrogen which cause the solution 
to be green instead of blue. 

Determination of Copper. Transfer one of the solutions to a 
25-ml. graduated cylinder or graduated test tube; then rinse the 
flask with two successive 5-ml. portions of distilled water and add 
these to the graduated container. Carefully add distilled water 


Diagram of Photometer 


| | | 
| 
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dropwise until the volume is 25.0 ml.; then mix the solution and 
transfer it to a large, clean, dry test tube (25 X 150 mm.). This 
test tube should be free from scratches and stains. 

Placed by the instrument there will be a 25-mm. test tube par- 
tially filled with distilled water—the reference tube. Place this 
tube in the photometer and adjust the transformer controlling the 
light source so that the meter reads 50.0 (microamperes). Next, 
insert the test tube containing the alloy solution into the photom- 
eter and note the meter reading, recording it on the data sheet. 
Then place the distilled water tube back into the photometer. 
The meter reading now should be 50.0 again. If it is not, the 
light intensity is fluctuating and the cycle of readings should be 
repeated. A graph is posted showing the relation of copper con- 
centration to the photometer reading. From this graph and the 
observed meter reading the weight of copper in the alloy sample 
is determined. Four standard solutions containing 0.10, 0.20, 
0.30 and 0.40 g. of copper dissolved in 25.0 ml. of nitric acid are 
placed in a rack by the photometer to allow the student to make a 
preliminary visual estimation of the copper content of his solu- 
tions. These solutions are also used in preparing the calibration 
curve for the photometer. The second alloy sample may be car- 
ried along following the same procedure, placed in a second large 
test tube, and photometer readings made on both solutions in se- 
quence. 

Pour the alloy solution into a 250-ml. Erlenmeyer flask; then 
rinse the test tube with about 10 ml. of distilled water and add 
this to the same container. This solution is to be used for the 
silver determination. 

Determination of Silver—Volumetric Method. To each flask 
add 25 ml. of water and 2 ml. of saturated ferric alum indicator 
solution. Titrate each solution with standard KSCN solution 
(about 0.3 M). AgSCN is first precipitated, and then any KSCN 
added will cause the appearance of the ferric thiocyanate complex. 
The original blue color of the solution will not seriously interfere 
with the detection of the lime-green color at the end point. From 
the molarity of the standard solution of KSCN and the volume 
required, the weight of Ag in each alloy sample is calculated. 


RESULTS AND DISCUSSION 


The results of several hundred alloys analyses by 
students are summarized in Tables 1 and 2. The 
determinations were made by laboratory classes 
containing science majors, engineers, and liberal arts 
majors. 


TABLE 1 
Silver Determinations 
——Student Results——— 
Stated Check Ap. 

Name of % % % St. No. of 

alloy Ag Ag Ag dev detns. 
Easy Flo 35 35 35.7 35.0 #1.9 74 
Easy Flo 45 45 44.8 45.5 +2.1 68 
Easy Flo 50 49.7 49.8 +2.2 70 
Medium 70 70.2 68.8 +2.2 65 
80 79.3 78.7 +2.9 70 


The percentages listed in the check columns were 
determined by one of the staff members using the 
procedures previously described except that double- 
distilled water was used. Any student determination 
in which the per cent silver found varied by more than 
15% from the average value was rejected and is not 
included in the above table. Copper results differing 
from the average by more than 12% were also excluded. 


TABLE 2 
Copper Determinations 
- Student Results 
Stated Check Av. No. 
Name of % % % St. of 
alloy Cu Cu Cu dev. detns. 

Easy Flo 35 26 26.7 31.1 +3.0 78 
Easy Flo 45 15 15.4 19.3 +2.2 68 
Easy Flo 15.5 16.1 19.4 +2.4 70 
Medium 20 20.5 - 26.3 +3.0 42 
| i g 16 16.6 20.1 +2.5 65 


The number of results rejected was less than 5% of the 
total. 

In the photometric determination of copper, any 
cloudiness due to AgCl precipitation, caused by trace 
amounts of chloride in the distilled water used for 
rinsing, will result in a significant error. The distilled 
water in our laboratory usually contains sufficient 
chloride to cause a very slight turbidity in the alloy 
solution. Therefore, as shown in Table 2, the results 
obtained for copper by the students are consistently 
high. It is interesting to note that problems similar 
to this have arisen elsewhere (4). Filtration through 
Munktell’s OOH or similar filter paper will eliminate 
the suspended particles and any error due to this 
factor. However, unless the paper is washed very 
carefully after filtration and the washing added to the 
alloy solution after the determination of copper, the 
silver results will be appreciably lowered. This filtra- 
tion procedure is considered undesirable because of the 
increase in time required to perform the experiment, and 
the added possibility of error. If feasible, in case a 
test with AgNO; solution produces cloudiness, the 
water should be redistilled or treated with deionizing 
materials before the experiment is begun. As shown 
by the check results in Table 2, this will improve the 
accuracy of the determination. 

In our laboratory.-the chloride content of the distilled 
water was quite constant over the period of time 
required to perform the experiment, and the copper 
results were reproducible to a satisfactory degree. 
Therefore no attempt was made to eliminate this 
source of error. 

Small triple-beam balances were used by the students 
for all weighings. Since it is difficult to weigh more 
accurately than +0.01 g. with these balances, the 
minimum expected deviation is about one part in 150. 
For a few laboratory sections, torsion balances were 
provided, but no improvement in results was observed. 


LITERATURE CiTED 


(1) Fevpman, H. B., J. Cuem. Epuc., 26, 225 (1949). 
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Assayer, Handy and Harman, Bridgeport 1, Conn. 
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Wirs the increasing availability of isotopes, many 
compounds are being prepared which contain one or 
more isotopic atoms. This note will serve to call 
attention to the isomerism encountered in these com- 
pounds and will suggest correlations. It is proposed 
that isomerism which is the result of the position of an 
isotopic atom or atoms in a linear or cyclic compound 
be called isotopic isomerism when the isotopic atom or 
atoms form a part of the skeleton of the molecule. Iso- 
topic isomerism does not include molecules containing 
isotopic substituents (e.g., deuterated benzene) since 
the isomerism problems encountered here can be 
treated in the same way as is done for position isomer- 
ism. Isotopic isomerism should be clearly differenti- 
ated from the term nuclear isomerism’ which is used by 
the physicist for isotopes of an element which differ 
in energy content, stability, and spin. For example,? 
Br® having a half life of 18 hours has a metastable state 
with a 4.4 hour half life which is designated as Br”. 
It should also be noted here that the term nucleus isomer 
has been used as another name for chain isomer.* 
In view of the close similarity with the physicist’s 
term, it would seem preferable to discontinue the use of 
the former in favor of the term chain isomer. 

The following outline of isotopic isomerism lists 
examples as a guide in defining the various categories. 
All can be elaborated further. 


ORGANIC COMPOUNDS 


Linear Molecules. In the homologous series starting 
with methane, isotopic isomerism is first encountered 
in propane with one isotopic carbon atom (I). The 
asterisk denotes the isotopic carbon atom 'C or 'C; 
the remaining carbon atoms are '°C. The isomers for 
doubly labeled propane are (II). 
C—C—C* C—C—*C C—C—*C* 

I II 


n-Butane and the higher members of this homologous 
series can be treated similarly, the number of isomers 
increasing with the chain length. 

_ Monocyclic Molecules. For one isotopic atom no 
isomerism is possible in benzene or in cyclopropane or 
in the cycloalkane analogs as long as there are no 
substituents on the ring. For monosubstituted ben- 
zene, there are four possible isomers (III). 


c*—c—C* 


a for example, WiepENBECK, M. L., Phys. Rev., 88, 67 
45), 

*Heartu, E. M. Phys. Rev., 88, 170 (1952). 
i * SHRINER, R. L., R. Apams, anp C. 8S. Marvet, in Gilman’s 
Orginie Chemistry,” John Wiley & Sons, New York, 1938, 
Vol. I, p. 154. 
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For a cycloalkene such as cyclohexene, the three 
possible isomers are shown (IV). 

For two isotopic atoms in benzene, there are three 
isomers which correspond to ortho, meta and para disub- 
stituted benzene. More than two isotopes in benzene 
can be treated accordingly and a similar situation exists 
for cycloalkanes. 

Polycyclic Molecules. Naphthalene has three iso- 
mers (V). The possibilities will increase with the num- 
ber of rings and the number of isotopic atoms for aro- 
matic compounds. For polycyclic alkanes, the situa- 
tion will be more complicated due to the incursion of 
other types of isomerism. 


Polymers. The polymerization of isotopic ethylene 
will serve to illustrate a simple case. 


C=C* --—C—C—C—C"— 


head to tail head to tail polyethyl- 
dimer ene polymer 
C=C* —C—C*—C*—_C— — 
tail to tail tail to tail polyethyl- 
dimer ene polymer 


head to head poly- 
ethylene polymer 
The polymerization of isotopic isomers of butadiene 
would be a slightly more complicated example. 


INORGANIC COMPOUNDS 


Examples of inorganic compounds that would be 
expected to show isotopic isomerism are such compounds 
as silicones, condensed phosphates, peroxysulfuric acid 
(VI), chlorine heptoxide (VII), aluminum chloride 
(VIII), ozone (which has a linear structure); and ions 
such as thiosulfate (IX) and polysulfides (S3~ on up 
which appear to be linear). 

+O 
O 
VI 
oO 
O—Cl—O—Cl—O O—ClI—O—Cl—O* 
O O O O 
VII 


‘ 
. 
fo. 
of 
ins. 
: 
| 
‘ 
— 
, 1602 


ci* Cl ci Cl 


If the isotopic *S were to be introduced into sulfur 
molecules, a variety of isomers could result in the S, 
rings. The situation would be similar to that in cyclic 
organic molecules. The long polymeric chains of 
amorphous sulfur offer an even more complex variety 


of possibilities. 


CROSSWORD PUZZLE 


Across 


nak: adsorption isotherm 
Persian ruler 


C20, 

Mild cigar 

Discuss 

The ideal solution law was discovered 
by 

Arsenic 

Exclamation 

c.g.s. unit of intensity of a magnetic 
field 

At right angles to a ship’s keel 

Bachelorof Humanities (abbreviation ) 

Thus 

Shift of spectral lines in a magnetic 
field is known as the effect 

Kind of numbers 

Pertaining to a wedding 

Official publication (abbreviation) 

King (abbreviation) 

Open sore 

6.6 X 10-27 erg-sec. is con- 
stant 

Aluminum 

Near 

Spikelets 

Solid water 

-Ville test for hydroxide in the 

presence of carbonate 

Artist 

Genuine 

Concentrate 


Down 


Coordinates 

Seize 

Sodium sulfate is known as ———__ 
salt 

Gauss was known for his 
ability 

Shoshonean Indian 

That is 

To wade through water 

High (French) 

Earnest money 

Wiener 


BERT H. CLAMPITT 


Oak Ridge, Tennessee 


H.CO; (two words) 

Note on the scale 

A book containing several works by 
one author 

A nest 

American Association of Teachers 
(abbreviation) 

2001 (Medieval Roman) 

A wing 


. ‘Orlando (abbreviation) 


Girl’s name 

Special lease (abbreviation ) 
Element of Group I-B 
Kind of geometry 


Bend the knee 

A cubic meter 

A sea weed 

Knight of the Elephant (abbrevia- 
tion) 

Liquors 

Adjective suffix 

Cotangent (abbreviation) 

Polonium 


(See p. 306 for solution) 
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revia- 


Av rue time of its establishment as an independent 
democracy (1948), the little state of Israel could al- 
ready count upon several reputable research centers 
founded under the earlier British mandate to provide 
the impetus for scientific and technological progress. 
These included the Technion—Israel Institute of 
Technology in Haifa (1924), the Hebrew University of 
Jerusalem (1925), and the Daniel Sieff Research In- 
stitute in Rehovot (1934) which has since been ex- 
panded into the well-known Weizmann Institute of 
Science. The publication of research results, however, 
was widely scattered. Scientific papers appeared either 
in local journals of limited interest and circulation or, 
in order to reach a world-wide readership, in foreign 
(mainly British and American) periodicals. Scientific 
textbooks in modern Hebrew, the official language of 
Israel, were practically nonexistent, and local printers 
were neither equipped to publish technical texts nor 
familiar with the setting of scientific formulas and 
symbols. Moreover, the lack of a central agency for 
the collection and dissemination of recorded technical 
knowledge made it impossible to form an accurate 
picture of the country’s scientific activity and research 
potential. 


MODERN TRENDS 


The “People of the Book,” with its traditional re- 
spect and thirst for organized knowledge, was not 
satisfied with this status quo. The Israeli govern- 
ment took several important steps to ameliorate the 
national publishing situation: 

In 1951, the foundation of a new journal, the Bulletin 
of the Research Council of Israel, provided both a na- 
tional forum for the publication of original research 
works in all fields of science and a central medium for 
the communications of many scientific organizations, 
including the Israel Chemical Association. This Bulle- 
tin is published entirely in English and appears quar- 
terly. Since Volume 5, Number 1 (March 1955), 
It comprises five sections: (a) Mathematics, Physics, 
and Chemistry; (b) Biology and Geology; (c) Tech- 
nology; (d@) Botany; and (e) Experimental Medicine. 
Some of these sections incorporate several journals 
which hitherto had appeared independently, such as 
the Scientific Publications of the Technion and the two 
series (Jerusalem and Rehovot series) of the Palestine 
Journal of Botany. 

In 1954, the Weizmann Science Press! was estab- 
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lished as a national center for the publication of 
scientific works and for the setting of standards in 


technical writing and printing. A special parliamentary 
bill allows the Israeli government to participate in 
the administration and financial support of this organi- 
zation through the Research Council and the Ministry 
of Education and Culture, along with the Hebrew 
University, the Technion, the Weizmann Institute of 
Science, and the Bialik Institute. Representatives 
from each cooperating body constitute the governing 
board of the Weizmann Science Press. 

In December, 1954, a catalogue appeared which 
lists all scientific papers (nearly 2400) published in 
various Israeli journals over the period 1948 to 1954, 
including those presented at meetings of technical 
societies. Approximately 45% of these research papers 
deal with the medical sciences, ca. 25% cover all 
branches of chemistry, and about 5% each pertain to 
mathematical, physical, engineering, geological, and 
biological disciplines. This bibliographic collection is 
continually being brought up to date by the Weizmann 
Science Press. 

Recently, the Weizmann Science Press started a 
semiannual periodical, named the [srael Science Bibliog- 
raphy, which lists periodicals, books, and dissertations 
in the natural sciences and the humanities according 
to the Universal Decimal Classification. Volume 1, 
Number 1, covering the period January-June, 1954, 
gives bibliographic information on 38 specialized 
journals, over 80 new books, including handbooks, 
textbooks, dictionaries, and encyclopedias, and several 
published dissertations. Of the 38 journals, 7 are 
devoted to the earth sciences, 5 deal with medical and 
related fields, 2 with mathematics, 5 with science and 
technology in general, 5 with education and sociology, 
3 with economics and labor problems, 3 with language 
and literature, 2 with history, 3 pertain to philosophical 
and humanistic areas, | to legal affairs, and 1 to bibliog- 
raphy. 


JOURNALS 


Since most Israeli periodicals are printed in modern 
Hebrew, a number of Hebrew-English dictionaries have 
been listed in the accompanying table. Librarians 
and literature scientists who may have to handle 
these publications are also referred to the helpful 


1“The Israel Scientific Press; Report, May, 1955.’’ The 
Press, Jerusalem, 1955. 
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(Alphabetical 'ist; no order of merit intended) 


Acta Medica Orientalia 


Annual Report(s) of the Tech- 
nion—Israel Institute of 
Technology 

Annual Report(s) of the Re- 
search Council of Israel 

Bulletin of the Ceramic Re- 
search Association (Yalkut 
Ha-igud Lemekhkar Kerami) 

Bulletin of the Independent Bio- 
logical Laboratories 


Monthly. Reviews and orig. papers. 
Publ. in Tel Aviv. Ed. by E. Israel. 
In English. Vol. 13, No. 5/6 (May- 
June, 1954). 

Annual. Publ. by the Technion, Haifa. 
Summaries of projects and progress. 


Annual. Publ. by the Research Council 
of Israel, Jerusalem. Progress reports. 

Publ. (stencil) by Haifa Bay. In Hebrew 
with English summaries. No. 6 (June, 
1954). 

Publ. in K’far-Malal. Ed. by J. Carmin. 
Project and status reports and news 


Journals and Periodicals 


items. In English and Hebrew. Vol. 
6, No. 1 (May, 1950). 

Quarterly. Orig. papers and prelim. 
communications. Publ. by Weizmann 
Science Press, Jerusalem. Ed. by M. 
Balaban. In English. Vol. 5, No. 1 
(May, 1955). In 5 sections: Math., 
Phys., Chem.; Biol. and Geol.; 
Technol.; Botany; Experim. Med. 
Agents for America: Interscience Pub- 
lishers, Inc., New York 3, N. Y. 

Quarterly. Reviews and orig. papers. 
Publ. by Dental Assoc. of Israel, Tel 
Aviv. Ed. by M. Mishori. In Hebrew 
and English. 

Monthly. Review for mixed farming. 
Publ. by Hassadeh, Tel Aviv. Ed. by 
S. D. Yaffe. In Hebrew with English 
table of contents. 

Monthly. Articles of pract. interest. 
Publ. by Hassadeh, Tel Aviv. Ed. by 
N. Teradyon. In Hebrew with English 
table of contents. 

Bimonthly. General papers. Publ. by 
the Pharmaceutical Assoc. of Israel, 
Tel Aviv. Ed. by M. Abarbanel. In 
Hebrew with English summaries. Vol. 
5, No. 1 (Jan., 1954). 

Semiannual. Bibliogr. info. on periodi- 
cals, books, and dissertations arranged 
by U.D.C. system. Publ. by Weiz- 
mann Science Press, Jerusalem. Ed. 
by M. Balaban. In English. Vol. 1, 
No. 1 (Jan.-June, 1954). 

Orig. papers. Publ. in Jerusalem. Ed. 
by B. Amira. In English and French. 
Vol. 3 (1954). 

Quarterly. Orig. papers and statistics. 
Publ. by Kupar Holim, Tel Aviv. Ed. 
by M. Dvorjetski et al. In Hebrew 

with English and French summaries. 

Vol. 13, No. 2 (June, 1954). 


Bulletin of the Research Council 
of Israel 


Dentistry (Refuat Hashinayim) 


The Field (Hassadeh) 


Garden and Landscape 
(Hassadeh Lagan Velanof) 


The Hebrew Pharmacist 
(Harokeah Ha’ivri) 


Israel Science Bibliography 


Journal d’ Analyse Mathé- 
matique 


Medical Pages (Dapim 
Refuyim) 


Biweekly. 2 vols./yr. Publ. by the 
Medical Assoc. of Israel, Jerusalem 
and Tel Aviv. Ed. by 8S. Adler e: al, 
In Hebrew with English and French 
summaries. Vol. 16, No. 12 (June 15, 
1954.) 

Popular science. Ed. by U. Feldman. 
Discontin. after March, 1954. 

Changed to Hadar, which was discontin. 
with Vol. 6, No. 1 (1941) and absorbed 
by The Palestine Tribune. 

Orig. papers. Publ. by Dept. of Botany, 
Hebrew Univ., Jerusalem. In Enzlish 
or French with Hebrew summaries. [r- 
reg. ca. 2 no.’s/yr. Vol. 6, No. 3 
(1954). Discontin. as indep. journal 
after 1954 and now incorporated in 
Section Botany of the Bulletin of the 
Research Council of Israel. 

Orig. papers. Publ. by Agricult. Experi- 
ment Station, Rehovot. Ed. by H. 
Oppenheimer and I. Reichert. In 
English or French with Hebrew sun- 
maries. Vol. 5, No. 1/2 (1949). Dis- 
contin. as indep. journal after 1954 and 
now incorp. in Section Botany of the 
Bulletin of the Research Council of 
Israel. 

Monthly. List of patents granted. In 
Hebrew. Publ. by the Israel Patent 
Office, Dept. of Justice. Obtainable 
from The Registrar General, Registrar 
of Trade Marks, P.O.B. 767, Jerusa- 
lem. 

Orig. papers. Publ. by Ministry of 
Agric., Agric. Research Station, Re- 
hovot. In sep. English & Hebrew 
editions. Vol. 4, No. 4 (March, 1954). 

Quarterly for promotion of mathem. re- 
search among students. Publ. (sten- 
cil) in Jerusalem. Ed. by D. Yarden. 
In Hebrew with English summaries. 
Vol. 8 (1954). 

Quarterly. Semipopular science. Publ. 
by the Weizmann Science Press, Jeru- 
salem. 

Series of research papers. Publ. by the 
Technion. Now appearing in Section 
Technology of the Bulletin of the Re- 
search Council of Israel. 

Technics and Sci (Technik Monthly. Popular pure and applied sci- 
Umada) ence. Ed. by Z. Nadav. In Hebrew 
with English table of contents. 

Quarterly. Publ. by the Philosoph. Soc., 
Hebrew Univ. of Jerusalem. Ed. by M. 
Buber et al. In Hebrew with English 
summaries. Vol. 5, No. 1 (April, 1954 

Quarterly. Publ. by Israel Veterinary 

Assoc., Jerusalem. Ed. by F. Sulman. 

In Hebrew with English summaries. 


Medicine (Harefuah) 


Nature and Country (Hateva 
Veha'aretz) 
The Palestine Citrograph 


Palestine Journal of Botany, 
Jerusalem Series 


Palestine Journal of Botany, 
Rehovot Series 


Patents, Designs and Trade- 
marks Journal (Yoman Ha- 


H d, 


V’simane Hamishar) 


Records (K’tavim) of the Agri- 
cultural Research Station 


Riveon Lemathematika 


Science (Mada) 


Scientific Publications of the 
Technion—I srael Institute of 
Technology 


Theory (Iyyun) 


Veterinary Medicine (Harefuah 
Haveterinarit) 


article, The Transliteration of Oriental Languages 
in Chemical Literature? which appeared earlier in 
THIS JOURNAL. Israeli journals of interest to scientists 
are listed in the table. Those most important to 
chemists include the Bulletin of the Ceramic Research 
Association, The Hebrew Pharmacist, Harefuah (mean- 
ing ‘‘Medicine” and being the official organ of the 
Medical Association of Israel), Acta Medica Orientalia, 
the Records of the Agricultural Research Station in 
Rehovot, and of course the Bulletin of the Research 
Council of Israel. The three last-named journals are 
published in English and the others mentioned above 
carry English summaries. Most of the journals of 
chemical interest are available in the major U. S. 
libraries and are covered by the Chemical Abstracts 
Service. 


2 Misu, J. L., J. Comm. Epuc., 32, 137 (1955). 
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PATENTS 


The Israel Patent Office is affiliated with the Minis- 
try of Justice in Jerusalem. Up to July, 1956, it has 
issued approximately 8500 patents, of which about 
40% are chemical patents. The patents appear !! 
Hebrew and are granted for a license period of | 
years from the date of application. Their titles are 
listed in the monthly Patents, Designs and Trademarks 
Journal, which can be obtained by writing to the 
Registrar General, Registrar of Trademarks, P. 0. B. 
767, Jerusalem. 


BOOKS AND MONOGRAPHS 


Between September, 1954, and September, 1950, 
approximately 1000 book titles were published in [srae'. 
Of these, roughly 25% were fiction and transla‘ ions 0! 
the classics, 25% were children’s books, 35% were some 
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Monographs and Books of the Weizmann Science Press, Hebrew-English Dictionaries 
Jerusalem 


ARNOLD-KELLER, PAULA, AND Complete Hebrew-English dictionary, 


ia lei BLackzrr, P. M. §&.: Lectures on Rock Magnetism. (1956). Gross, M.D.: containing a list of Hebrew abbrevia- 
ist al 132 pp. tions. London. Shapiro, Vallentine. 
neh .t. of Plant Physiology, H Plant Physiology. (1955). (1926). 
ary. London. Pordes. (1942). 
Fars, R.: The ty, of aymbiotic linkage and their Avret, A.: English-German-Hebrew pocket diction- 
an, signifi for the for : of highly ary. London. Pordes. (1942). 
—s organized forms, functions and life Benanrt, B. (ed.): Student’s dictionary, Hebrew-English. 
he bed spheres in the phylogenetic process of New York. Jewish Education Com- 
bso: development. (1950). 16 pp. mittee of New York. (1954). 
Botany MinaAsHAN, A.: Survey of literature on the influence of BLackMAN, PuIuip: Up to date English-Hebrew dictionary. 
Enclish ions on plants and soils. (1948). 46 London. Pordes. 2nd ed. " (1953). 
i pp. Brestav, M. H.: English and Hebrew dictionary. New 
, No. 3 OrreNBACHER, E.: Functional Photography—Unesco Fel- York. Anglobooks; London. Techni- 
journal lowship Report (1954). cal Press, Ltd. (1953). 
ited 3 GLENN, M. M. G.: Hebrew-English dictionary. New York. 
“ of - Reiver, M.: Research on the rheological properties of Hebrew Publishing Co. (1947). 
| ‘ bitumen and asphalt. (1948). 66 pp. Grossman, REUBEN, AND Sacus, Compendious Hebrew-English diction- 
_ Experi- Reiver, M.: Research on the work-hardening of poly- .: ary; comprising a complete vocabulary 
. by H crystalline metals. (1948). 42 pp. of Biblical, Mishnaic, medieval and 
rt. In (Collective work) Desert Research. Proceedings of the modern Hebsow. Pong and od. by M. 
I 1s hell ta H. Segal. Tel Aviv. Dvir. (1946). 
Se Heuter, J.: Modern Hebrew-English dictionary. 
9). Dis- salem, May 7-14, 1952. L 
1954 and ondon. Pordes. (1949). 
> efile (Collective work) L. Farkas Memorial Volume. Orig. pa- Scuarrstein, Z. (comp.): Modern Hebrew-English dictionary. 
Selle pers by 36 chem. and phys. experts. New York. Shilo Publishing House. 
‘ Dedicated to the memory of Ladislaus (1949?) 
oa Farkas, late professor of physical Wappstern, A. §.: Hebrew-English (and English-Hebrew) 
1 Patent chemistry at the Hebrew Univ. of dictionary. 6th ed. 2 vols,in 1. Tel 
sadaidilly Jerusalem. (1953). Aviv. (1939). 
Registrar 
, Jerusa- 
ue what divided among the arts, poetry, and history, and Israel Government Printer’s Office should be contacted 
ion, Re only about 10%-15% were basic scientific and educa- c/o The Ministry of Finance, Hakirya, Jerusalem. 
. ia tional texts. Advanced scientific texts are few in ee 
them. re- number but good in quality. Among the first books RAR 
cg published by the Weizmann Science Press were two Several of the larger Israeli companies and research 
aa of chemical interest—the ‘‘L. Farkas Memorial Vol- centers are using punched cards, microduplicating 
ume,” which contains original contributions from 36 techniques, and related scientific literature aids in 
aoe foremost vhemists and physicists (such as Harold their libraries or information divisions. Data-process- 
Urey and Hermann Mark), and “Desert Research,” ing machines and electronic computers have also begun 
eo which comprises the proceedings of one of the many in- to be utilized, and their potentialities for the storage 
at ternational symposia held in Israel. The latest pub- and retrieval of technical information will no doubt be 
lication of the Weizmann Science Press is Professor exploited in the near future. 
vee sci- Blackett’s “Lectures on Rock Magnetism.” Among a In November, 1956, the Hebrew University of 
a number of available monographs, at least three are of Jerusalem inaugurated a Graduate Library School.* 
oph. Sor. chemical interest. They deal, respectively, with the Aimed at relieving the serious shortage of trained 
oo" work-hardening of polycrystalline metals, the rheolog- librarians and professional literature scientists, the 
me ical properties of bitumens and asphalt, and a litera- one-year curriculum includes courses in cataloguing, 
reterinary ture survey on the influence of ions on plants and soils. classification, bibliography, documentation, library 
- Sulman. Further details are mentioned in the table. All organization and management, the history and tech- 
a books, monographs, and other publications of the niques of writing and printing, and the functions of 
Weizmann Science Press are available in the U. S. A. libraries in modern society. 
through Interscience Publishers, New York City. 
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Tue nature and phenomena associated with the 
hydrogen bond, together with some of the experimental 
methods used to investigate it, have been discussed 
in THIS JOURNAL (1). This paper deals with infrared 

. spectroscopy, which in the last twenty years has proved 

' to be one of the most powerful tools for the study of 

hydrogen bonding. Most compounds exhibit very 

complicated absorption when subjected to the whole 
range of the infrared spectrum. This absorption re- 
flects the rotation of molecules and all of the various 
modes of interatomic vibration within the molecule 
which cause bonds to be deformed by stretching, 
bending, twisting, etc. Each of these types of rota- 
tory and oscillatory motion absorbs its characteristic 
amount of radiant energy, and a large number of them 
may be detected at various frequencies in the spectrum 
of a given compound. Fortunately, both from the 
theoretical and experimental standpoint, some of the 
most important and useful correlations in the study 
of hydrogen bonding have been derived from a study 
of the stretching frequency of the X—H bond as ob- 
served in the near infrared. For a detailed discussion 
of the theory and application of infrared absorption in 
hydrogen bonding the sources in reference (2) may be 
consulted. A brief but excellent treatment of experi- 
mental technique is given by Ewing (3) and a very 
complete presentation, including a list of catalogues 
and atlases of spectra, is given by Jones and Sand- 
orfy (4). 


EFFECT OF HYDROGEN BONDING ON INFRARED 
ABSORPTION 


The effect of hydrogen bonding by infrared absorp- 
tion can be illustrated by considering the O—H.---O 
bond as an example. If a compound such as an alco- 
hol is in the gaseous state, its molecules on the average 
are so far apart that there can be no formation of 

H R 


| | 
dimers, R—O---H—O, through hydrogen bonding. 
Thus the “free,” i.e., non-hydrogen bonded, O—H 
groups can vibrate by stretching at an unperturbed 
frequency. These oscillations are comparatively in- 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


THE EVIDENCE FROM INFRARED SPECTROSCOPY 
FOR HYDROGEN BONDING 


Interpretation of Data 


MEL GORMAN 


dependent of the structure of the rest of the com- 
pound since the hydrogen has such a small mass. Thus 
it is found that the hydrogenic stretching of the free 
O—H group in almost all gaseous compounds will 
absorb infrared radiation sharply at a frequency close 
However, in the liquid or solid states 
or in relatively concentrated solutions, association 
through hydrogen bonding to form dimers and higher 
The O—H group is no longer 
Its absorption is shifted to lower frequencies 


to 3700 


polymers takes place. 
“free.” 
by hundreds of wave numbers in many compounds and 


flattened to give a broad band. Since the change of 


frequency of a few wave numbers is easily measured, 
it is obvious that the method is a sensitive one for de- 
tecting hydrogen bonds. The lowering of the fre- 
quency is to be expected, since the strength of the 
originally free O—H bond is weakened when it becomes 
part of the O—H-- -O bond. 


COLLECTION OF DATA AND EMPIRICAL 
CORRELATION 


Interpreting the phenomena of hydrogen bonding 
constitutes an interesting case history illustrating the 
development of chemical science. A study of almost 
any topic in chemistry which has had a long enough 
history will reveal that its unfolding can be divided 
into three stages. First there is the gathering of the 
data. As soon as enough information is available 
the second stage of empirical correlation appears. 
Finally the time will be ripe for a theoretical interpre- 
tation, often with the modification of a simple original 
theory which may have been used as a framework 
for the first two stages. Of course, these categories 
do not appear in neat chronological sequence, for there 
is much overlapping, especially between the firs! two. 
At the present time, hydrogen bonding presents in in- 
stance in which all three stages are evident. 

Since the modern concept of the hydrogen bond origi- 
nated only about thirty-five years ago (5), it siould 
not be surprising that there is still much gathering of 
experimental data. Although the use of infrared spec- 
troscopy in the study of hydrogen bonding has b: come 
widespread only in the last twenty years, it is © very 
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popular technique because it can be applied to sub- 
stances in the solid,’liquid, gaseous, or dissolved state, 
and because in the last decade there have been impor- 
tant strides in instrumentation. Moreover, it is a pow- 
erful tool because it can detect weak bonding and 
chelation. From the theoretical point of view, the 
method is attractive because it gives a direct measure 
of the forces involved. In this respect it differs from 
other useful methods such as X-ray diffraction, which 
can locate the hydrogens only by inference, and en- 
tropy studies, in which calculations must be made from 
heat capacity studies. 

One of the most important pioneer developments in 
the application of infrared absorption to hydrogen 
bonding is the work of Hilbert, Wulf, Hendricks and 
Liddell in 1936 (6). This contribution and those of 
other earlier investigators are reviewed by Pauling 
(7). The interesting point to note in the paper of 
Hilbert and his co-workers is that they speak of the 
absence of the characteristic (free) absorption bands in 
hydrogen bonded substances. However, in 1937 
Badger and Bauer (8) pointed out that in a strict sense 
these bands do not disappear, but are shifted and 
broadened, and that any decisions concerning hydrogen 
bond formation must be based on the shifts and gen- 
eral character of the absorption. In a second paper in 
the same year Badger and Bauer (9) continued their 
study of this subject, and attempted a correlation of 
the stretching frequency shift, A:, (» for free O—H 
absorption, minus v for the hydrogen bonded O—H), 
with the strength of the hydrogen bond. Unfor- 
tunately, spectroscopic data for only six compounds 
were available whose energies of hydrogen bond for- 
mation were known with fair accuracy. Nevertheless 
a semiquantitative linear relationship was found when 
Avy was plotted against energy. In pursuing this 
problem still further with additional data, Badger (10) 
concluded that the relationship is not quite linear as 
earlier supposed. He also emphasizes the rough 
nature of the correlation, due to errors in both the 
energy and spectral data. Although later considera- 
tions (11) made it evident that frequency shifts could 
not be associated indiscriminately with proportionality 
of hydrogen bond strength, the work of Badger is im- 
portant for two reasons. In the first place, it has es- 
tablished the importance of the stretching frequency 
shift, which later provided the basis of extensive cor- 
relation with interatomic distances between hydrogen 
bonded atoms, and secondly it provides an example 
of the emergence of the second phase of the historical 
development of its topic, using the bare minimum of 
available data. It should be emphasized that there 
isneed for more data even at the present time. Such 
compounds as organic substances with hydrogen 
bonded water of crystallization, aliphatic and alicyclic 
amines with N—H---N bonds, and substances having 
hydrogen bonded chlorine should be investigated. 

By 1950 an extensive literature of X-ray research 
on the interatomic distances between hydrogen bonded 
atoms had accumulated, but much of the work was not 
accurate enough for discussion of the bond. Then 
Donohue (12) undertook a critical review of the data 
and selected values of the interatomic distance which 
had an accuracy of 0.1 A. or better. On the basis of 
Donohue’s evaluation, Rundle and Parasol (13) were 
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able to choose eleven compounds which fell on a smooth 
curve in a plot of interatomic distance against the 
stretching frequency. Below 2.7 A. the absorption is 
very sensitive to differences in interatomic distance. 
This is the reason why only the most accurate X-ray 
data are suitable for correlation. Above 2.7 A the 
sensitivity falls off exponentially. This was followed 
by a somewhat similar treatment by Lord and Merri- 
field (14), who plotted Av against interatomic distance 
and found that eleven compounds under study fell on 
a straight line. The curve shows very strikingly that 
the shorter the bond the greater is the stretching fre- 
quency shift from the non-hydrogen bonded value 
(3700 em. for O—H and 3400 for N—H). 

The year 1955 saw an important advance in the 
correlation between stretching frequency and inter- 
atomic distance in the paper of Nakamoto, Margoshes, 
and Rundle (15). This group extended the relation- 
ships of Rundle and Parasol to over 50 compounds con- 
taining eight types of hydrogen bonds X—H---Y, in 
which X and Y may be fluorine, oxygen, nitrogen, and 
chlorine. In a plot of interatomic distance against 
stretching frequency there are eight curves. The 
O—H:-:-O curve shows the same characteristics as 
that of Rundle and Parasol described above. Nak- 
amoto, Margoshes, and Rundle presume that their 
other curves would show similar characteristics if 
more complete data were available. They also follow 
the procedure of Lord and Merrifield by plotting Av 
against interatomic distance for the O—H ---O bond, 
and get a similar linear relationship insofar as the data 
for the two groups of workers coincide, i.e., up to a 
bond length of about 2.85 AL For longer bonds Av 
becomes smaller exponentially. Empirical correla- 
tion was extended still further by Pimentel and Seder- 
holm (16), who presented the relationship between 
interatomic distance and Av for O—H- --O0, N—H--- 0, 
and N—H---N graphically and analytically in the 
form of an equation of the best straight line for each 
type, together with standard deviations in Av. 


THEORETICAL INTERPRETATION 


Since the study of hydrogen bonding is still largely 
concerned with the task of acquiring more data, with a 
consequent limitation on empirical correlations, it is 
understandable that the third stage in historical de- 
velopment, theoretical interpretation, is as yet only 
in its infancy. There is a lack of full agreement as to 
the nature of the hydrogen bond, one school of thought 
adhering to the simple and older electrostatic model, 
and another preferring a quantum mechanical formu- 
lation. Unfortunately, neither of these positions has 
been capable of offering a quantitative explanation of 
all of the features of the bond. But recently Lippin- 
cott and Schroeder (17) have proposed a very simple 
model for O—H---O bonds in crystals, based on a 
potential function involving bond dissociation energy 
and interatomic distances, together with the assump- 
tions of a van der Waals repulsion and an attractive 
electrostatic potential between the oxygen atoms. 
By appropriate operations with this function these 
workers are able to correlate and predict quantitatively 
a number of the main features of the hydrogen bond, 
such as the relationship between interatomic distance 
and hydrogen bond energy and between interatomic 


305 


distance and Av. Thus a direct relation between Av 
and bond energy can be obtained. Lippincott and 
Schroeder are careful to point out that their model is 
not intended as a complete one, for there are important 
aspects of infrared absorption which it does not ex- 
plain. But they are optimistic that their model will 
be applicable to hydrogen bonding involving other 
atoms besides oxygen, and that it can be modified for 
liquid systems. Nevertheless, this limited model 
constitutes a definite advance from qualitative to 
quantitative theoretical interpretation. It emphasizes 
the need of modifying the commonly held belief in an 
electrostatic model, in favor of quantum mechanical 
formulations, in order that our notions of the hydrogen 
bond can be improved. Lord and Merrifield (14), 
believe that an explanation of the spectroscopic proper- 
ties of the hydrogen bond undoubtedly will require a 
quantum mechanical model. 
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Solution to Crossword Puzzle on Page 300 


MCA AWARDS PROGRAM HONORS SIX COLLEGE CHEMISTRY TEACHERS 


Six outstanding teachers in the field of undergrad 


te ch 


istry have been named to 


receive awards of $1000 each under the Manufacturing Chemists’ Association 1957 
College Chemistry Teacher Awards Program. They were selected from among 158 


candidates. 


Recipients of the award, who will also receive a medal and citation are: 


Emil O. Ellingson, St. Olaf College, Northfield, Minnesota 
Ashley Robey, Roanoke Coliege, Salem, Virginia 

Arthur F. Scott, Reed College, Portland, Oregon 

Garrett W. Thiessen, Monmouth College, Monmouth, Illinois 
John Turkevich, Princeton University, Princeton, New Jersey 
Leo A. Yanowski, Fordham University, New York, N. Y. 


Presentation of the awards is a feature of the 85th annual meeting of the Association 
at White Sulphur Springs, West Virginia, June 6, 1957. 
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*hys. 
din A MINIMUM SYLLABUS FOR A COLLEGE PREPARATORY COURSE IN CHEMISTRY 
hys., 23, 
4 ‘t E:cutreNn years ago the New England Association of part of the course. At least one double period each 
Chemistry Teachers published a “Syllabus for a Col- week should be assigned to laboratory work and four 
R10 lege Preparatory Course in Chemistry.”! In 1941 the single periods to classroom discussions and demonstra- 
College Entrance Examination Board adopted a syl- tions. 
Lit labus that conformed rather closely to the NEACT Part III is a list of Supplementary Topics. It in- 
a0 recommendations.?. Later, however, the CEEB dis- cludes subjects that are important but not essential 
z continued for policy reasons its syllabus and thus and is presented simply for the guidance of those 
5 |0 deprived chemistry teachers of what had become a teachers who have additional time or gifted students 
valuable guide in course planning. At a symposium and who may select material from it adaptable to their 
G held at the University of Maine during the Tenth courses. 
; Summer Conference, August, 1948, the need was stres- 
sed for a syllabus which would enable teachers to re- , 
PartI. Descriptive Chemistry 
L tain the freedom emphasized by the CEEB but which oe 
would contain the hard core of a chemistry course for 
ygen, hy n, nitrogen (nitric acid and nitrates, 
1) students who are being prepared to take additional ammonia, nitric oxide, nitrogen dioxide); sulfur (hydrogen sul- 
A iT chemistry in college. As a result, a new committee fide, sulfur dioxide, sulfuric acid, and sulfates); carbon (carbon 
. was chosen from college and secondary school repre- dioxide, carbon monoxide, carbonic acid and carbonates, meth- 
LIE sentatives to draw up a statement of the minimum ane, methyl- and ethyl-alcohols); halogen family (halides and 
related acids). 
r IR requirements for the secondary school preparatory B. Composition of Air: Relation of air to combustion and 
| course in chemistry. The resulting syllabus was life processes, 
5 le adopted at the Eleventh Summer Conference at the C. Water: Properties, composition, and purification; treat- 


CATION 


University of New Hampshire, in August, 1949.* 

In the Fall of 1955, a Committee on the Revision of the 
Chemistry Syllabus was appointed to review once more 
the provisions of the Minimum Syllabus which members 
had found to be very helpful. The Committee made a 
preliminary report at the 283rd Meeting of the As- 
sociation.* This committee presented its final report 
at the next meeting on December 8, 1956. Very few 
changes were recommended.® The revised minimum 
syllabus is presented herewith. 

The required section is divided into two parts: 
Part I, Descriptive Chemistry; and Part II, General 
Chemistry. The order of topics as listed in the syl- 
labus is not necessarily the order in which they should 
be taught. Every teacher must feel free to decide 
when and how each topic will be taken up. 

The NEACT also stipulates that individual labora- 
tory work, including preparation of gases, quantitative 
exercises, and ionic reactions should be an essential 


_' “Report of the NEACT’s Committee on College Entrance 
Examinations,’ TH1s JouRNAL, 16, 46 (1939). 
*“The Chemistry Examination of the College Entrance Ex- 
amination Board,’’ THIs JOURNAL, 18, 441 (1941). 
“ Minimum Syllabus for a College Preparatory Course in 
Chemistry,’’ rH1s JOURNAL, 27, 46 (1950). 
of the NEACT, Official Business, THIs JOURNAL, 33, 
, (1956). 
of the NEACT, Official Business, JOURNAL, 34, 
» (1957), 
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ment of water for drinking; softening of hard water. 

D. Chemistry of Three Metals and Their Common Compounds, 
Sodium (sodium chloride, sodium hydroxide, sodium carbonate: 
and sodium hydrogen carbonate); aluminum; and iron. 

1. Definition and properties of metals in general. 

2. Typical methods of extracting metals from ores. 

3. Occurrence of these three metals and their extraction from 
compounds and from ores. 

4. Simple reactions into which they enter. 

E. Industrial Processes: Haber; Ostwald; contact process 
for sulfuric acid. 


Part II. General Chemistry 


A. Physical Properties of Solids, Liquids and Gases: 

1. Kinetic-molecular theory: Dependence of the kinetic 
energy of motion of molecules upon the temperature; differences 
between solids, liquids, and gases from kinetic-molecular view- 
point. 

2. Properties of solids and liquids. 

3. Properties of gases: Effect of changes in temperature and 
pressure on the volume of gases; explanation in terms of the 
kinetic-molecular theory; Avogadro’s law; derivation of gram- 
molecular weight and volume. The treatment of the gas laws is 
to be quantitative. 

B. Chemical Changes: 

1. Elements, mixtures, and compounds: Nature of chemical 
changes; types of chemical reactions; electrochemical series. 

2. Balancing of simple chemical equations (by inspection only). 

3. Quantitative relationships: Problems based on chemical 
equations, by weight, by volume, and by weight and volume; 
derivation of formulas from percentage composition; mole and 
molar solutions. 

4. Chemical combination explained in terms of atomic struc- 
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ture: Combination and replacement reactions in terms of elec- 
tron transfer; ionic nature of substances entering double de- 
composition reactions; sharing of electron pairs in formation of 
covalent bonds. 

5. Valence: Ionic valence (electro-valence), equal to the 
charge possessed by theion; emphasis on essential ionic nature of 
salts; electrolysis of fused salts; covalence, in simple molecules, 
equal to number of pairs of electrons shared with other atoms; 
emphasis on essential nonionic nature of nonelectrolytes. 

C. Solutions: 

1. Definition of concentrated and dilute solutions. 

2. Solutions of electrolytes: Complete dissociation of salts, 
strong acids, and hydroxides of alkali metals; degree of ionization 
of weak acids and weak bases (NH,OH); definition of acids and 
bases (Arrhenius concept); hydrolysis of salts—reactions of ions 
with water; reason why some ionic reactions go to completion 
(formation of weakly ionized product, and formation of an in- 
soluble gas or solid); electrolysis of aqueous solutions. 

D. Structure of Matter: 

1. Definition of atom and molecule; Dalton’s Atomic Theory. 

2. Nuclear charge and the arrangement of electrons (limited 
to first twenty elements). 

3. Periodic law and its relationship to atomic structure (brief 
treatment only); elements should be studied with reference to 
their position in the table. 

4. Explanation of periodicity in terms of properties of ele- 
ments. 

E. Nucleonics: Radioactivity, isotopes, agents of transmuta- 
tion (alpha particles and neutrons); fission; fusion. 


289th MEETING 


The 289th meeting of the New England Association 
of Chemistry Teachers was held at Bradford Durfee 
Technical Institute, Fall River, Massachusetts, on 
Saturday, February 9, 1957. President Coombs of the 
Institute was presented by James Watters, Chairman 
of the Southern Division, who explained that the new 
science building at Durfee Institute has been named the 
Leslie B. Coombs Science Hall, for cause, at the sug- 
gestion of the Institute faculty. President Coombs, 
who has been a member of NEACT since 1939, extended 
a cordial weleome to approximately fifty members and 
guests. 

Dale W. Button, Laboratory Director of the Globe 
Manufacturing Company, Fall River, was the first 
speaker. He discussed “Building a natural rubber latex 
compound.” His paper was published in this section of 
THIS JOURNAL last month (May, 1957, p. 255). The 
next speaker was Dr. Hervey B. Elkins, Chief of Lab- 
oratory, Division of Industrial Hygiene, Massachusetts 
Department of Labor and Industries, whose subject 
was “Some toxicological problems in chemical in- 
dustry.”’ Using a series of informative slides, he ex- 
plained the principles behind the maximum allowable 
concentration (MAC) or practical working tolerances, 
recommended by the American Conference of Gov- 
ernment Industrial Hygienists. With nice dry humor 
he told several anecdotes about his life as an enforce- 
ment officer of industria] hygiene regulations in Mass- 
achusetts. His data, highly important for anyone 
concerned with laboratory work, contained many 
surprises, among them the low MAC values for such 
common solvents as carbon tetrachloride and benzene. 
He recommended that, where possible, less toxic ma- 


OFFICIAL BUSINESS 


Part III. Supplementary Topics 


A. Organic Chemistry: Simple hydrocarbons, alcohols, «cids 
esters, aldehydes, ketones, isomerism. 

B. Equilibrium: LeChatelier’s principle; Law of Mass Ae. 
tion. 

C. Molecular Weights: Determination by depression of {ree;. 
ing point and elevation of boiling point. 

D. Equivalent Weights and Normal Solutions. 

E. Balancing Equations by Electron Transfer: 
reduction. 

F. Metals: Copper, zinc, lead, and titanium. 

G. Nonmetals: Phosphorus, silicon. 

H. Applied Chemistry: Plastics, rubber, glass, cement, tey. 
tiles, and foods. 


The Committee on the Revision of the Chemistry Syllabus which 
reviewed the minimum syllabus, was comprised of the folloy- 
ing: 


Maurice M. Whitten, Chairman, Gorham State Teachers College, 
Gorham, Maine. 

Sister Ernestine Marie, Msgr. Ryan Memorial High School, 
Dorchester, Massachusetts. 

Anna Jane Harrison, Mount Holyoke College, South Hadley, 
Massachusetts. 

Eleanor M. Tucker, The Abbott Academy, Andover, Massachv- 
setts. 

John A. Timm, Simmons College, Boston, Massachusetts. 

Dorothy W. Gifford, Lincoln School, Providence, Rhode Island. 


Oxids tion. 


terials be used to replace them, such as methy] chloro- 
form or toluene, respectively. 

After an excellent luncheon at the Eagle Restaurant, 
members returned to Coombs Hall for the usual busi- 
ness meeting and afternoon program. The afternoon 
speaker, George Ball, control chemist at Arnold Hofi- 
man Company, Dighton, Massachusetts, and a senior 
student in the chemistry department at Bradford Durfee 
Technical Institute, outlined some “Ice-color recipes 
for high-school chemistry.”” He presented equations 
for the diazotization and coupling reactions involved 
in preparation of ice colors and described the necessary 
procedures in some detail, concluding by demonstrating 
the preparation and use of four ice colors. 

During the day, members and guests of the Associa- 
tion had an opportunity to examine the facilities of the 
new science hall. They found pleasing the combining 
of tile and cinder block, as used in the interior finish, 
the general arrangement of laboratories, and the restful 
and attractive hall in which the meeting was held. 


Business Meeting 

President Marco H. Scheer opened the business 
meeting at 2:00 P.M. 

The secretary, as chairman of the membership con- 
mittee, read the list of new members admitted since 
the December, 1956, meeting. Several are student 
members. 

Carl W. Clader, Chemistry Teacher, New Trier Township High 
School, Winnetka, Illinois. = 
Joanne Emidy, Teacher of Chemistry and Physics, Bur villville 

High School, Harrisville, Rhode Island. 

Barbara A. Fotta, senior student at Albertus Magnus ‘‘ollege, 

New Haven, Connecticut. 

Mary C. Frohnhoefer, senior student at Albertus Magnus ‘‘ollege. 

New Haven, Connecticut. 
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Richard W. Holstein, Head of the Science Department and In- 
structor in Chemistry and Physics, Wayland Academy, Beaver 
Dam, Wisconsin. 

Thomas G. Kudzma, student in the M.I.T.-Harvard Science 
Teaching Program, Cambridge, Massachusetts. 

Sidney Rosen, Assistant Professor in Physical Science, Brandeis 
University, Waltham, Massachusetts. 

Mrs. Silvane Sonnino, Instructor in Science, Low-Haywood 
School, Stamford, Connecticut. 

How ard M. Thomas, Professor of Chemistry, University of South 
Dakota, Vermillion, South Dakota. 

Fredvrie B. Viaux, Teacher of Chemistry and Biology, Emma 
Willard School, Troy, New York. 


The secretary summarized the status of membership 
for the period from July, 1956, to January, 1957: 
65 new members, of whom four are students, have 
joined; 16 members have resigned, and 32 have been 
suspended for non-payment of dues. There are 26 
honorary members of whom 17 are also classed as 
active members. The total membership is now 622. 

President Marco H. Scheer announced the appoint- 
ment of the following committee to consider the future 
of the NEACT summer conferences in the light of the 
vastly increased availability of sponsored summer 
courses, institutes, conferences, and workshops for 
secondary school teachers: 


Committee to Study the Summer Conference Program 


Carl P. Swinnerton, Chairman, Pomfret School, Pomfret, Con- 
necticut. 

Leallyn B. Clapp, Brown University, Providence, Rhode Island. 

Helen W. Crawley, Natick High School, Natick, Massachusetts. 

Clinton 8. Johnson, Rhode Island College of Pharmacy, Provi- 
dence, Rhode Island. 

Guy F. Burrill, Keene High School, Keene, New Hampshire. 

Marco H. Scheer, ex officio, Nashua High School, Nashua, New 
Hampshire. 


Treasurer’s Report, 18th Summer Conference (Abridged) 


The following report was submitted by the Regis- 
trar-Treasurer of the Eighteenth Summer Conference: 


Income: 


Camion Hand, Jan. 1, 1956.................. $ 500.00 
Lodging and Meals Income....................... 3979 .50 
Expenses: 
Dues from New Members........................ $ 94.50 
Lodging and Meals Payments.................... 4005 . 25 
287 .12 
Miscellaneous 35.55 
Difference between income and expenses........... 782.43 
Paid to NEACT 282.43 
Remaining in Summer Conference Treasury, Jan. 1, 


Irwin H. Gaw ey, Treasurer 
Audited Jan. 20, 1957, S. Water Hoyt, Auditor 


NECROLOGY 
Repor' of Necrology Committee 


The following statements were read memoralizing 
three distinguished members of the Association whose 
deaths were recently reported. 
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SamvuEL T. ARNoLpD. The Necrology Committee reports with 
deep regret the death of Samuel T. Arnold, Provost of Brown Uni- 
versity, December 12, 1956, Providence, Rhode Island. Dr. 
Arnold was born in Fall River, Massachusetts, the son of the late 
Rev. Mr. Henry Arnold. He received his academic training all at 
Brown University, with the A.B. degree in 1913, the Se.M. de- 
gree in 1914, and the Ph.D. degree in 1916. He also received the 
D.Sc. degree from the Rhode Island College of Pharmacy in 1947, 
from Franklin and Marshall College in 1949, and the University 
of Rhode Island, in 1953. In 1950 he was awarded an LI.D. 
degree from Tufts University. Though his professional career 
was devoted to Brown University, his influence ranged far afield. 
He served as President of the NROTC College and Universities, 
as President of the New England Association of College and 
Secondary Schools, and as Vice-President of the American Coun- 
cil of Education. It is needless to say that he contributed much 
to the NEACT. He joined the Association in 1921, served on the 
Committee of the Southern Division 1927-1929: His support 
and enthusiasm continued throughout the ensuing years and our 
organization owes much to the warmth and stimulation of his 
personality. In recognition of that debt he was elected to honor- 
ary membership in 1951, with the following citation: 


Samuel T. Arnold has maintained membership and active in- 
terest in this Association for thirty years while serving his 
University as a distinguished teacher, as chairman of its 
department of chemistry, as Dean and as Provost. 


As assistant to General Leslie Groves, Professor Arnold ren- 
dered great service to the Nation in recruiting scientific per- 
sonnel frora universities throughout the country for work on 
the Manhattan Project. 

Car P. SWINNERTON 


BuELL MELpRvM, 69, Professor-Emeritus and former 
Chairman of the Department of Chemistry, Haverford College, 
died in his home on the college campus, December 31, 1956. Dr. 
Meldrum joined the Association in 1943. Though residing at a 
distance from the heart of the Association’s activities, he is well 
remembered for his gracious help on numerous occasions. Among 
the recorded instances of his participation we are pleased to recall 
that in 1946 he served as a committee member of the Eighth 
Summer Conference held at Middlebury College. At this con- 
ference he was also a co-director of the symposium on electro- 
chemistry. Those attending may well recall the many demon- 
strations he performed using special apparatus brought from 
Haverford College. A special feature of the Fifteenth Summer 
Conference at Bowdoin College in 1953 was a series of discussion 
groups on special topics in theoretical chemistry. Dr. Meldrum 
was a leader of the group which made a study of the ionic theory. 
Dr. Meldrum was a native of Canada, attending Canadian schools 
up to the conferring of the degree of Master of Science, and capped 
his formal education at Harvard University with the doctor’s 
degree in 1914. After a term of teaching at Vassar College from 
1914 to 1917, Dr. Meldrum spent the remaining and greatest part 
of his career at Haverford College, becoming chairman of the de- 
partment of chemistry in 1926 and holding that post until his 
retirement. His scientific contributions were in the fields of 
analytical and physical chemistry. ‘He will be long remembered 
as the co-author of a series of textbooks in these same fields, whose 
many adoptions by American colleges attest to their sound and 
scholarly worth. 

Heten W. Craw.ey 


Wituram T. Hatt died in Rochester, Massachusetts, in early 
January, 1957. He had been elected to membership in this As- 
sociation in 1944. Born in New Bedford, Massachusetts, in 
1874, Professor Hall was graduated from Massachusetts Institute 
of Technology in 1895. He studied at Goettingen, Germany, 
in 1895-97. After returning to this country, he taught analytical 
chemistry at M.I.T. throughout his professional life, and retired 
in 1940 as Professor Emeritus. After retirement, he served for 
one year as head of the science department at Thayer Academy, 
1942-43. He was Assistant Editor of Chemical Abstracts and a 
well-known writer of textbooks. 

8S. Wa.trer Hoyt 
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NINETEENTH SUMMER CONFERENCE 

The Nineteenth Annual Summer Conference of the 
New England Association of Chemistry Teachers will 
be held at Colby College, Waterville, Maine, August 
19 to 24, 1957. The committee members were listed in 
the NEACT Report, Official Business, TH1s JOURNAL, 
34, 153 (Mar., 1957). Arrangements to house the con- 
ference have been completed, using two women’s dor- 
mitories on the elegant new campus at Waterville. 
Lectures will be held in the Keye Science Building 
nearby, where the Averill Auditorium will hold about 
225 persons. Colby College will put on a typical 
Maine clam-bake at the picnic to be held at Brown 
Camp, Belgrade Lakes. Summer theater will be pro- 
vided at Lakewood, about 24 miles from Waterville. 
Trips to one or two industrial plants in the neighbor- 
hood are being planned, and there will be numerous 
opportunities to visit historical sites and to buy an- 
tiques. Families of members and guests are welcomed, 
and there will be a program arranged for their enter- 
tainment. 

The Program Committee, under the chairmanship 
of Stanley C. Bunce, Rensselaer Polytechnic Institute, 
will provide a very stimulating group of speakers and 
symposia. At the time of going to press, talks had been 
scheduled as follows: Dr. Miles Martin, G. E. Re- 
search Laboratory, “Industrial research and _ the 


public welfare’; Professor Arthur Burr, Renssel:er 
Polytechnic Institute, “Chemistry in modern metal- 
lurgical engineering’; Professor Herbert M. Clark, 
also of Rensselaer, ‘‘Role of chemistry in the develop- 
ment of methods for utilization of nuclear energy”. 
Dr. E. N. Kimberlin, Jr., Esso Research Laboratories, 
“Chemistry in the manufacture of modern gasolines”’; 
Professor Alsoph H. Corwin, The Johns Hopkins 
University, “Colors of life’; and a paper by Vice-presi- 
dent Harry F. Lewis, The Institute of Paper Chemis'ry, 
on the scientific manpower problem. Several svm- 
posia have been scheduled under the leadership of 
Professor John A. Timm, Simmons College, Professor 
Donald C. Gregg, University of Vermont, and Professor 
H. H. Sisler, Uuiversity of Florida. Professor Grant W. 
Smith, Pennsylvania State University, will report on his 
use of ‘Closed-circuit TV.” Dr. Sidney Rose of 
Brandeis University will present the closing evening 
address on ‘‘A century of high-school science.” 

Inquiries about the conference should be addressed 
to the conference secretary, Dr. Maryalice Moore, 
10 Algonquin Road, Canton, Massachusetts. Board 
and room will average about $6.00 a day and the regis- 
tration fee for non-members is $6.50, which includes a 
year’s membership, an 18 months’ subscription to the 
JOURNAL OF CHEMICAL EpucaTIon, and other privileges 
of the Association. 


To the Editor: 


Professor Fisher’s table in his Letter to the Editor 
(p. 259 of May, 1957 issue) is essentially the same as one 
given by Bunn (“Chemical Crystallography,’ Oxford, 
1946, p. 52) which perhaps, in the interest of those who 
prefer information served up highly condensed, should 
have been specifically cited by Mysels. Furthermore, 
Professor Fisher rightly concludes that on morphologi- 
cal grounds alone, there is no suitable or satisfactory 
terminology for crystal classes. If, on the other hand, 
as is done by the International Union of Crystallog- 
raphy, structure is used as the basis of classification, 
then crystals with one threefold axis are all trigonal 
and those with a sixfold axis are hexagonal, the term 
rhombohedral being used for trigonal structures with 
rhombohedral lattices, the others being simple trigonal, 
much the same as a cubic crystal may be either simple, 
body centered, or face centered. 


JERRY DONOHUE 


UNIVERSITY OF SOUTHERN CALIFORNIA 
Los ANGELES, CALIFORNIA 
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To the Editor: 

As a reader of the JouRNAL, and as a scientist, 
permit me to protest your publishing in the February 
issue the article by Henry M. Leicester, “Recent 
Methods for the Prevention of Dental Caries.” | 
thought that it was the rigid practice of editors of 
scientific magazines to have articles reviewed by 
qualified experts. If this had been done in this case, 
you would have found that a number of dental, medical, 
and water distribution experts insist that: (1) dental 
caries is not significantly decreased by the ingestion of 
fluoride; (2) objectionable mottling of the teeth does 
occur at the proposed concentration of 1 p.p.m.; (3) 
there is no adequate evidence that life-long ingestion of 
fluoride at this low level is completely harmless: 
(4) there is no moral or legal justification for the 
compulsory medication of the whole population for the 
alleged protection of a few against a non-communicable 
disease; (5) the water distribution systems should not 
be tampered with for a purpose which has nothing to do 
with the distribution of pure water. 

The proper places to discuss this controversia! issue 
are the dental societies, as regards efficacy, the medical 
societies, as regards safety, and the public at large, as 
regards the method of offering fluoride to those who 
want it. 

But please let us concern ourselves here with «hem 
cal education, and not with one-sided presentations of 
dubious issues. 


GEORGE CALING\ERT 


HosBart AND WILLIAM SmItH CoLLEGES 
GeneEva, New York 
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To the Editor: 


The paper by Carlin in the January issue (“Do 
Courses in Chemistry and Physics at the High-School 
Level Contribute to Success in Beginning College 
Chemistry?”) reminds me of a wry joke told me by a 
statistician friend. An economist studying the Cana- 
dian North Atlantic fisheries observed a 0.90 correlation 
be'ween the fish catch and the price of fish on the 
A biologist at the same time noted 
a 9.92 correlation between the fish catch and the 
And of course a 
statistician reported that the temperature of the North 
Atlantic is controlled by the price of fish in Montreal. 


Montreal market. 


temperature of the fishing waters. 


physics or both. From this he says that he may 
conclude that the study of these subjects in high school 
contributes to success in the college course. Probably 
this is true, but I do not see that the conclusion logically 
follows from the evidence given, which does not 
exclude the following interpretation: 

Students who take no physical sciences at high 
school are not interested in them, and are only taking 
chemistry at college as a required science elective. On 
the other hand, students who take physics and chemis- 
try at high school do so because they are very interested. 
In college this interest is maintained, because of the 
high-school experience. 


Dr. Carlin notes that students with high-school 


chemistry and physics do better in freshman college 
chemistry than those without collegiate chemistry or 


LABORATORY MANUAL OF PHYSICAL 
CHEMISTRY 


A. W. Davison, Consultant Owens- 
Corning Fiberglass Corp., H. S. van- 
Klooster, Emeritus Professor of Physical 
Chemistry. W. H. Bauer, Professor of 
Physical Chemistry, and G. J. Janz, 
Professor of Physical Chemistry, all of 
Rensselaer Polytechnic Institute. Fourth 
edition. John Wiley & Sons, Inc., New 
York, 1956. viii + 260 pp. 55 figs. 
23 tables. 19.5 X 27cm. Paper bound. 
$4.75. 


Tuis manual, now in its fourth edition, - 


continues in the same form as the third 
edition featuring a spiral binder, graph 
paper after the experiments requiring it, 
and an appendix where all information 
required for the experiments is tabulated. 

The manual consists of 51 experiments 
covering about 25 topics. Some topics 
such as colligative properties, kinetics, 
thermochemistry and electro-motive force 
have four or five experiments each. 
Four experiments have been added since 
the last edition. These are: (1) dimeriza- 
tion of acetic acid; (2) Ramsey-Young 
method applied to solid and liquid salic- 
ylie acid; (3) the thaw-melt method 
applied to organic compounds; and (4) low 
temperature gas adsorption. The first and 
last of these involve high vacuum tech- 
niques. 

The coverage is fairly complete, with the 
exception of experiments involving the 
spectrophotometer, chemical equilibrium 
in the liquid phase, fractional distillation, 
radiochemistry and photochemistry. 

In the introduction, the authors say, 
while referring to the purpose of the 
Physical chemistry laboratory; “(the 
student]...is being gradually led away 
from the ‘accept it because it is so written’ 
attitude of the classroom to the pioneering 
attitude of the investigator.’’ This indeed 
should be the goal of the physical chemis- 
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try laboratory, but the reviewer doubts 
whether this manual does much to en- 
courage the pioneering attitude. The 
written procedures are frequently so 
explicit, for example: ‘“Turn off both gas 
and water before leaving the laboratory,”’ 
and ‘Regulate the flow of tap water 
through the condenser’ that they may 
insult the intelligence of a promising 
chemistry major. References and sug- 
gestions for additional work for the 
curious student are for the most part 
lacking. 

Outside of calculating results and plot- 
ting graphs, no evaluation of results or 
consideration of possible errors is sug- 
gested. 

The detailed instructions and excellent 
drawings make this manual most useful 
for large classes of non-chemistry majors 
who have to be given a laboratory with 
the minimum of instruction. 


E. EUGENE WEAVER 
Wasasu CoLiece 
CRAWFORDSVILLE, INDIANA 


LABORATORY MANUAL OF PHYSICAL 
CHEMISTRY 


H. D. Crockford, Professor of Chemistry, 
University of North Carolina, and J. W. 
Nowell, Professor of Chemistry, Wake 
Forest College. John Wiley & Sons, 
Inc., New York, 1956. xi + 184 pp. 
Many figs. and tables. 21 X 27 cm. 
Paper bound. $3.75. 


Tuis is a worthy addition to an exiguous 
field. There were only four other physica! 
chemistry manuals listed in the last 
Chemical Education Book Exhibit in 
contrast with 45 for general chemistry. 

It is a brief manual for a semester or a 
year course. There are 33 experiments 
needing one or more laboratory periods 
depending on how much of the equipment 


Paut M. LauGHTon 


CARLETON COLLEGE 
Orrawa, OnTaRIO, CANADA 


and reagents the student must prepare for 
himself. 

The outstanding features of this book 
are an initial section on calculations and 
instrumentation and an appendix of 
teaching aids. The first 38 pages are 
devoted to discussions and helpful ex- 
amples on dimensional analysis and treat- 
ment of data followed by descriptions of 
the most used instruments with pictures 
and large, lucid diagrams. 

In discussing the Fortin barometer, only 
the temperature corrections (to 0.01 mm.) 
are given. Since, under some conditions, 
latitude, capillarity, and perhaps alti- 
tude call for corrections of tenths of a 
millimeter, a false impression of accuracy 
may be obtained. Indeed, coming at the 
start of the physical chemistry course, the 
derivation of the ‘‘true’’ atmospheric pres- 
sure from the raw barometer reading 
by correcting for all these determinate 
errors makes a salutary exercise for the 
student who believes that precise instru- 
ments must yield accurate readings. 

The appendix lists equipment, chemi- 
cals, and directions for making solutions 
for each expeviment. This should prove 
valuable to those setting up a new labora- 
tory or for instructing the helpers in 
large courses. Most of the standard 
experiments are here. Less common ones 
are those on: azeotropic mixtures; the 
nitrogen dioxide-tetroxide equilibrium; 
the kinetics of the reaction between 
2,4-dinitrochlorobenzene and _ piperidine 
as it recently appeared in THIs JOURNAL; 
buffers and pH; colloids, including de- 
termination of the gold number. 

This book should be usable in most 
beginning physical chemistry courses. The 
student is expected to write a report as 
directed by his particular teacher. There 
are no specific instructions or report 
sheets for this so that the instructor is free 
to follow his preferences. However, firm 
remarks are given on the basic require- 
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ments for a scientific notebook. This is all 
to the good, for this course is not pri- 
marily for new laboratory techniques but 
for use of measurements and estimation 
of error. The authors encourage this 
attitude. They do give a bit more advice 
than some may think beneficial on 
methods of calculation and the errors 
involved in each experiment. This is not, 
however, so extended that the student 
escapes the need for careful thought on his 
report. * 

Each experiment begins with references 
to several texts. There are brief dis- 
cussions of theory, and some of the 
experiments end with suggested modifi- 
cations, notes of special difficulties or 
ideas for additional experiment. 

The book is clearly written and attrac- 
tively printed. 

WILLIAM B. GUENTHER 


Tue UNIVERSITY OF THE SOUTH 
SEWANEE, TENNESSEE 


CLINICAL CHEMISTRY: PRINCIPLES 
AND PROCEDURES 


Joseph S. Annino, Clinical Chemist, 
Massachusetts Memorial Hospitals, Boston, 
Massachusetts. Little, Brown and Com- 
pany, Boston, 1956. xxi + 280 pages. 
15 figs. 11 tables. 16 X 25.5 cm. 
$7.50. 


Tuts book is designed to meet the need 
for adequately trained technicians in 
clinical laboratories by providing not only 
the essential techniques for the most 
important clinical determinations but also 
the essence of the principles necessary to an 
understanding of the methods and objec- 
tives of quantitative analysis. In the 
words of the author, “the book is in- 
tended to fill the gap between the ‘cook- 
books,’ which present only the mechanics 
of the methods, and the theoretical text- 
books, which do not include many practical 
explanations of mechanical details.’’ 

Part I, approximately 25% of the text, 
consists of a brief discussion of the 
principles, apparatus, and general tech- 
niques of quantitative analysis; Part II 
describes in detail the procedures for 
determining the concentrations of ap- 
proximately 30 ions or compounds in 
blood, urine, or cerebrospinal fluid and for 
performing eight tests of the functioning 
of certain organs such as the liver and 
kidneys. 

In general, the organization and content 
of this book are well suited to the stated 
objectives. The presentations of the 
principles of photometry (colorimetry) in 
Chapter II and of flame photometry in 
Chapter VII are especially thorough and 
clear, and the many detailed examples of 
volumetric procedures and calculations in 
Chapter III should be helpful to the 
person with little or no training in this 
field. 

Each of the chapters in Part II, Methods, 
consists of an introductory summary of the 
analytical and biological principles and/or 
precautions involved in the determina- 
tion, the step-by-step presentation of the 
method or methods recommended by the 
author (including detailed instructions for 
the preparation of reagents), and a dis- 
cussion of the physiological and pathologi- 
cal significance of the results. A table 
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of the normal ranges of values for each 
determination is given at the end of Part I, 
and the normal values are repeated in the 
discussion of each determination. Several 
pertinent references are given at the end of 
each chapter, and many helpful and 
encouraging suggestions and comments are 
included. The index appears to be ade- 
quate. Although the determinations de- 
scribed are those which are most often 
needed, in the opinion of this reviewer the 
essential procedures for gastric analysis 
and possibly for basal metabolic rate 
should have been included. 

The book seems to be remarkably free 
from ambiguities and errors. Although 
the error may not be large for dilute 
solutions, the definition of percentage 
composition of liquid mixtures in terms of 
volume is highly questionable. Since the 
commercially available azeotropic solution 
of ethyl alcohol contains 95.5% alcohol by 
weight, dilutions made by considering this 
as a volume percentage are significantly in 
error. In the opinion of this reviewer the 
term “milligrams per cent’’ should not be 
perpetuated as an acceptable unit. It is 
obviously incorrect and is only slightly 
easier to use than the correct term, 
“milligrams per 100 ml.’’ The statement 
that a protein-free blood filtrate will keep 
indefinitely seems questionable, as the ex- 
perience of this reviewer has been that the 
solution will support the growth of micro- 
organisms even in a refrigerator. 

Finally, the policy of recommending a 
method which requires the use of a 
particular make of instrument lessens the 
usefulness of the book. The Baird flame 
photometer may be superior to other 
instruments, as the author states, but 
many laboratories have flame photome- 
ters of other manufacture which func- 
tion quite well. Similarly, the digitonin 
method for cholesterol, although admit- 
tedly more precise and significant in 
certain instances, is so lengthy and labo- 
rious that a simpler method, such as the 
FeCl;-H.SO, procedure of Zlatkis, Zak, and 
Boyle, might well have been included. 


GORDON H. PRITHAM 
Tue PENNSYLVANIA StaTE UNIVERSITY 
University Park, PENNSYLVANIA 


ENCYCLOPEDIA OF CHEMICAL 
TECHNOLOGY. VOLUME 15. WAXES 
TO ZYMOSTEROL, INDEX 


Edited by R. E. Kirk and D. F. Othmer, 
respectively Professors of Chemistry and 
Chemical Engineering at the Polytechnic 
Institute of Brooklyn. Assistant Editors: 
Janet D. Scott and Anthony Standen. 


-Interscience Encyclopedia, Inc., New 


York, 1956. xiv+936pp. 19 X 27cm. 
Subscription price $25 per volume; single 
volumes, $30 each. 


E. C. T. is now complete from Abaca 
Fiber to Zymosterol. Not only is the text 
complete, but Volume 15 also gives a com- 
plete subject index in which the first 
entry is not abaca, but A acid, to which two 
references are given. Of the 936 pages in 
this volume, 313 are devoted to text 
material and 620 to a comprehensive 
index containing approximately 50,000 
entries. 

The inorganic chemist will be interested 
in zine and zirconium, their alloys and 


compounds. ‘The analytical and physica! 
chemists have a comprehensive section on 
X-ray analysis. The biochemist will seck 
out the sections on yeasts and zein. The 
chemical engineer will be interested ip 
weighing and proportioning, and in welding. 
The volume scores heavily in technology: 
waxes, weed killers, whitening agents, wire, 
wood, wool, wool grease, xanthene dys, 
xanthic acid, and xanthates. 

What of the future of E. C. T.? Is it to 
grow old on the shelf? Not at all! 
Even now the editors are at work on a 
supplement volume which will deal with 
subjects in which there have been im- 
portant developments since the original 
articles appeared. Some entries are: 
computers in chemical technology, and 
steroids with cortical hormone activity. 
The editors promise this volume by late 
1957. 

Interscience Publishers, as well as 
Editors Kirk and Othmer, and Assistant 
Editors Scott and Standen, deserve the 
thanks of the chemical industry, chemists, 
and chemical engineers everywhere for 
making available to them this wealth of 
information on chemical technology. 


KENNETH A. KOBE 
University or Texas 
Austin, Texas 


ELECTROCHEMICAL AFFINITY: 
STUDIES IN ELECTROCHEMICAL 
THERMODYNAMICS AND KINETICS 


Pierre Van Rysselberghe, Professor of 
Chemistry, University of Oregon. Ac- 
tualités Scientifique et Industrielles 1237. 
Hermann et Cie., Paris, 1955. 109 pp., 
10 figs. 16.5 X 25cm. 1250 Francs. 


TuIs monograph, written by a member 
of the International Committee on Elec- 
trochemical Thermodynamics and Kinet- 
ics, consists of an introduction and five 
parts: I. Theory of Galvanic and Elec- 
trolytic Cells. Reversibility. Irreversibil- 
ity due to the Joule Effect; II. Theory of 
Electrodes. Reversible and Irreversible 
Electrodes. Polarization. Over poten- 
tials; III. Simultaneous Half-reactions at 
the Same Electrode; IV. Some Aspects 
of Electrochemical Kinetics; and V. 
Thermoelectrochemistry. 

As the author points out, quite validly, 
in his introduction, ‘“The thermodynamic 
treatments of electrochemical systems 
presented in the majority of textbooks and 
treatises of physical chemistry and electro- 
chemistry are incomplete, oversimplified, 
and often strangely silent concerning some 
of the most fundamental points of the 
subject.’’ This situation is due in part to 
inadequate care in formulating the neces- 
sary concepts and definitions and in part 
to the neglect of irreversible aspects of 
certain phenomena; for example, con- 
centration cells with transference, cells 
with electrodes at different temper:tures 
and thermocouples. These cases “require 
the use of the thermodynamics of i- 
reversible processes,’ and unfortunately, 
this theory is still relatively unfamiliar to 
many. 

In attempting to clear up these dil- 
ficulties and to indicate the direction of 
current studies of corrosion, polarization, 
electrode reactions, and electrochemical 

(Continued on page A280) 
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T ue Textbook Errors series enters its teens with this 
issue. Number XIII appears on page 325. Thirteen is 
an appropriate point in the chronology for special com- 
ment. It implies neither anniversary nor terminus. 
If there are any swans on the campus of Southern 
California, we hope they will not be singing for a long 
time. Professor Mysels and his contributing friends 
continue to play their role of many masks: detective, 
illuminator, and prophet of truth. As detectives, they 
sometimes spot an obscure clue; more often they see 
the flaw in the article many of us have been handling 
for years without suspecting a counterfeit. As illu- 
minators, they are careful to keep the searchlight focused 
so that it does not shine cruelly in authors’ eyes. As 
prophets, they are the effective spokesmen for those 
who advocate a short line of communication between 
laboratory and learner. 

The following comments appeared in the London 
Times, March 29, 1957, under the heading, ‘‘Weeding 
Out Errors in Chemical Textbooks.” 


In April, 1955, Dr. K. J. Mysels, of the University of Southern 
California fired the first shot in a campaign to call attention to 
errors common in chemical textbooks. ...They are published in 
the JouRNAL oF CHEMICAL EpucaTIoN, a lively and enterprising 
monthly, published by the Division of Education of the American 
Chemical Society. 

In contrast to similar exercises by politicians, the air is not to 
pillory. Neither is it to point out obvious but isolated mistakes. 
... The object is to “call attention to the altogether too common 
instances of errors and mistaken conceptions which were not 
corrected when they should have been, and by oversight have 
= eee in the process of transfer from one book to 
another. 


The correspondent illustrates the technique of the 
Textbook Errors series by reference to several of the 
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items which appeared in these pages during 1955 and 
1956. He goes on to speculate on how often diagrams 
are transferred from one text to another. He offers as 
illustration the case of the familiar atomic-volume- 
versus-atomic-number plotting. He continues: 


...8ome minor research done in 1952 showed that curves of 
this kind had become fossilized some 25 years earlier and had 
continued to be copied in the same form, but sometimes with 
mistakes, even in specialized textbooks. Nor was their antiquity 
indicated—or probably known to the authors who used them. 

To reach this conclusion, and to track down the original, took 
perhaps half a day’s work; to have brought the curve up to date 
might have taken six months in libraries. Such difficulties are 
increasing. ...The temptation for the writer of textbooks will be 
clear: to introduce obvious new material at discretion; to be up 
to date in approach where he himself is most interested; but for 
the rest, to repeat the last story encountered. 


We feel that this is a well-stated appraisal of Dr. 
Mysels’ effort and are gratified to find it in the public 
press. (The adjectives “‘lively and enterprising’? make 
us smile, too!) The emphasis on the value of this 
series to writers of future textbooks is most proper. 
Not only may they use these articles to avoid the spe- 
cific errors under discussion, but continuation of the 
series should make them aware of how dangerous it is 
to write with the scissors. 

In a field like chemistry, ‘facts’ never can be 
treated as more than mere statements of our present 
status of knowledge. Keeping a textbook up to date 
ishard work. We are glad that these pages can help by 
offering a medium for the replacing of tradition by 
authoritative judgment, for remedying the omissions 
of ignorance by supplying information from the spe- 
cialist’s laboratory. Our urging is that readers who can 
help in this campaign communicate with Dr. Mysels. 
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Tue preparation and manipulation of boron hydrides 
require high vacuum techniques (24) made necessary by 
the extreme toxicity of boron hydride vapors (23) and 
the explosion hazard in the presence of oxygen. The 
latter varies from the spontaneous ignition of the 
pentaboranes in the presence of oxygen to the explosive- 
ness of decaborane if exposed to oxygen above 100°C. 
(28). The pioneers of this field were Stock (29) in 
Germany, and later Schlesinger and Burg in this 
country (28). The former developed the high vacuum 
techniques and discovered the presently characterized 
boron hydrides. Although specific boron hydrides have 
been known since 1912, it has only been within the 
past decade that these compounds have received wide- 
spread attention. During this period methods of 
preparation have been developed that make these 
compounds more readily available for study. 

The recent increased interest in boron hydrides and 
their derivatives has been stimulated in part by their 
potential usefulness as high energy fuels in propulsion 
engines such as rockets. Compared to conventional 
fuels such as saturated hydrocarbons, these compounds 
offer the possibility of much greater energy releases per 
unit weight of fuel. Thermochemical calculations 
show that the complete reaction of a stoichiometric 
mixture of a boron hydride and oxygen should release 
approximately twice as much energy per pound as an 
equal weight of a mixture of hydrocarbon and oxygen 
(12). This is due to the higher heat of oxidation of 
boron compared to carbon, and the positive heats 


THE BORON HYDRIDES 


(e) | | BeHio 


BERNARD SIEGEL and JULIUS L. MACK 


Research and Development Department, U. S. Naval 


Powder Factory, Indian Head, Maryland 


of formation of boron hydrides compared to the negative 
values for saturated hydrocarbons. The heats of 
combustion are as follows (2/): 


C (s) + O2 (g) —~ CO (g), AH (25°C.) = —94.05 keal./mole 
2B (s) O2(g) > BeO3(s), AH (25°C.) = — 302.0 kcal. /mole 


Typical heats of formation are compared in Table 1 
(21, 22). 


TABLE 1 
AH°; 
(25°C., 
Compound Formula State keal./mole) 

Diborane gas 7.5 
Pentaborane iquid 7.8 
Decaborane BwHu solid 8 
Ethane C.H¢ gas —20.236 
n-Pentane CsHi2 liquid —41.36 
n-Octane CeHis liquid —59.74 


KNOWN BORON HYDRIDES 


The simplest stable boron hydride is diborane, 
B.He, a colorless gas at room temperature. It is 
believed to be in equilibrium with borane, BHs, ac- 
cording to the equation, 2 BH;—B2Hs. That this 
equilibrium greatly favors diborane is shown by 
estimates of 1.73 X 10" atm.~—! and 2.34 X 10" 
for the equilibrium constants at 273 and 373°K. (/). 
Accordingly, it is not surprising that BH; has been 


Figure 1. Geometrical Configurations of Boron Hydrides 
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detected only indirectly (2, 5, 6, 26). A boron hydride 
containing three boron atoms per molecule has never 
been observed, although salts such as NaB;Hg are 
known (1/1). 

Four colorless liquid boron hydrides are known, 
BsHs, and BsHi, called tetraborane, 
pentaborane (or pentaborane-9) ,dihydropentaborane (or 
pentaborane-11), and hexaborane, respectively. There 
have also been reports of an unstable hexaborane (12), 
B-Hyz, but the identity of this compound has not been 
definitely established. A heptaborane has never been 
reported but evidence exists for both an octa- and 
nonaborane (/7, 25). The formulas of these hydrides 
have not been definitely established. The highest 
known boron hydride is decaborane, ByHy. It is a 
volatile white solid, generally soluble in many organic 
solvents without decomposition (3). 

Boron hydrides with more than ten boron atoms per 
molecule have not been identified. However, non- 
volatile compounds that are believed to be higher 
boron hydrides are formed as byproducts in the 
preparation of the volatile boron hydrides, and upon 
decomposition of the latter. They have generally been 
reported to be white, yellow, brown and black solids of 
indefinite compositions ranging down to (BHp.s)z and 
even lower hydrogen-to-boron ratios (12, 29). None of 
these non-volatile compounds has been characterized 
and very little is known of their properties. Their non- 
volatility and general insolubility have made progress 
in their investigation very slow. These properties 
make it impossible to obtain mass spectra, for example. 


STRUCTURES AND BONDING 


The valence configuration of the boron atom can be 
represented by three valence electrons and four hybrid- 
ized sp* orbitals. When atoms such as boron, with 
fewer valence electrons (two s and one p electrons) 
than low energy bonding orbitals (one s and three p 
orbitals) form compounds with atoms or groups which 
contain no unshared electron pairs, electron-deficient 
molecules result. In such molecules bonding is 
delocalized to make use of all the low energy orbitals. 
Diborane and higher boron hydrides are in this category. 
As a result they exhibit extremely interesting structural 
and bonding properties. They do not seem to form 
singly connected open chains with strongly directed 
valences as do electron-balanced or electron-excess 
hydrides such as the paraffins, amines and ethers. 
Instead they form close-packed networks of almost 
equilateral triangles (19). The geometrical structures, 
deduced chiefly from X-ray and electron diffraction 
studies, are shown in Figure i (9, 14). They are 
representations of the relative positions of the boron and 
hydrogen atoms. The lines between the atoms do not 
represent ordinary covalent bonds since the atoms do 
not furnish sufficient electrons for this to be possible. 
Several different types of bonds are postulated for 
these structures. Hydrogen atoms bonded to single 
boron atoms are held by ordinary covalent linkages. 
The hydrogens bonded to two boron atoms are known 
as hydrogen bridges. These bridges are best repre- 
sented as three-centered two-electron bonds formed 
from the hydrogen orbital, and one hybridized orbital 
from each of the two boron atoms (7, 14). The 
remaining electrons and orbitals are involved in 


VOLUME 34, NO. 7, JULY, 1957 


(a) 8 


B:Hs: 4 covalent B—H bonds 
2 hydrogen bridges 


B 
(b) 


BsHs: 5 covalent B—H bonds 
4 hydrogen bridges 
2 covalent B—B bonds 
1 three-centered boron bond 


BwoHu: 10 covalent B—H bonds 
4 hydrogen bridges 
2 covalent B—B bonds 
6 three-centered boron bonds 


8 
Three centered boron bonds are shown as 8 
H 
Three-centered hydrogen bridges are shown as a 
8 


Figure 2. Proposed Bonding for Boron Hydrides 


boron-to-boron bonds. A representation of the latter 
consistent with heat of formation data is shown in 
Figure 2 (20). It includes ordinary boron-to-boron 
covalent bonds and three-centered two-electron bonds 
involving boron alone. 

The complete geometrical structures are known for 
B2H¢, BsHio, BsHo, and BywHy; only the boron 
configuration is known for BeHi. The structures of 
other boron hydrides have not been determined. 

The structures in Figure 1 are defective polyhedra, 
resembling completed regular polyhedra. In this 
sense they are all open hydrides. Hydrogen bridges 
are present in the open parts of the molecule but do not 
close up the holes due to the missing boron atoms. 
Decaborane has its boron atoms at the corners of an 
icosahedron which has two adjacent corners lacking: 
this arrangement is related to the icosahedra found in 
elemental boron and C;By:. Pentaborane is related to 


315 


H 
B. 
. 
dle 1 
e) 
~ \ 
6 H J 
B B 
ff H 
(c) H H 
rane, 
It is 
3, ac- 
this 
by 
been 
1, 
A 
ATON = 


the octahedron found in CaB, and other metal borides, 
with just one apex lacking. Dihydropentaborane is 
also related to an octahedron, but one side of its base 
is somewhat spread and has no hydrogen bridge. 
Instead of completing the octahedron, hexaborane has 
a boron configuration that is half an icosahedron. 
Tetraborane and diborane do not have sufficient boron 
atoms to distinguish between the icosahedron or 
octahedron. 


RELATIVE THERMAL STABILITIES 


The thermal stabilities of the characterized boron 
hydrides seem to be related to the degree to which they 
approach a closed configuration. Accordingly, the 
following sequence of decreasing stability has been 
observed (12, 18): 

> BsHy > > BsHu > BsHio 


For comparable rates of thermal decomposition, in the 
absence of air and moisture, BsHio has to be decomposed 
at 30°, B;sHn at 60°, B2H, at 100° and B;H, over 
200°C. Decaborane is even more stable than B;H9; 
it is only slightly decomposed after 48 hours at 200°C. 


PREPARATION OF DIBORANE 


The preparation of diborane is a key synthesis 
because it is the principal source of higher boron 
hydrides which can be prepared from diborane by 
pyrolytic reactions. Diborane can now be prepared 
(8, 10, 27) from borohydrides and BF;, or from other 
hydrides that react with BF; to form borohydrides in 
an initial step. Unlike the earlier methods, these 
reactions are comparatively simple, and almost quanti- 
tative. They are based on the following principles. 
Borane, BHs3, is a Lewis acid (electron pair acceptor) 
that forms the borohydride ion, BH,~, by combining 
with a hydride ion. A Lewis acid stronger than BH; 
can thus displace it from the borohydride ion of metal 
borohydrides. Both BF; and BCI; can serve as the 
stronger acid; BF; generally is used because of its 
availability. Diborane is the product of this reaction 
since two BH; units readily combine to form diborane. 
The latter can also be formed from hydrides such as 
LiAlH,, LiH, NaH, and LiHB(OCH;);. These 
hydrides react with BF; to form the corresponding 
borohydride which then reacts with additional BF; 
to form diborane. For laboratory scale preparations, 
etherates of BF; are reacted with etherates of LiAlH, 
or LiBH,. For larger scale preparations NaH or 
LiH is used. Typical stoichiometries are given by the 
following equations: 


LiAIH, + BF, LiBH, + AIF, 
3LiBH, + BF, her oB.H, + 3LiF 
4NaH +4 BF, 3 NaBF, + NaBH, 
3 NaBH, + 4 BF, °ther 9 BH, + 3 NaBF, 


Lit + 1.5 BF, °her 1 5 LiBH, + 4.5 LiF 
promoter 


3 Lit + 3 BF, LiBHF, 


3 LiBHF, + BF, ‘ther 1/, BH, + 3 LiBF, 


HIGHER BORANES FROM THE PYROLYSIS OF DI- 
BORANE 


Mechanisms. Higher boron hydrides generally have 
lower hydrogen-to-boron ratios than do lower boranes. 
Diborane has a H/B ratio of 3.0; pentaborane, 1.8; 
decaborane, 1.4; and ratios for the non-volatile solids 
have values down to considerably less than one. The 
preparation of higher boranes from diborane, in the 
absence of oxygen and moisture, is thus essentially by 
means of condensation reactions that eliminate 
hydrogen. Ultimately the end products of these 
reactions, at high temperatures, are boron and hydro- 
gen. 
The little that is known about the mechanisms of 
these pyrolytic reactions is restricted to those for the 
simpler boron hydrides The kinetics (2, 6) of the 
decomposition of diborane indicate that it is in equi- 
librium with BH; and that the latter attacks other di- 
borane molecules to form unstable intermediates which 
react to form BysHio and B;sHy. These kinetics also 
show that the decomposition of B.Hg is inhibited by 
the accumulation of hydrogen in the products. The 
rapid exchange of boron atoms between isotopically 
normal diborane and diborane enriched with B" 
also supports the diborane-borane equilibrium (2é). 
Isotopic exchange reactions (1/3) between diborane and 
dihydropentaborane, and diborane and _ tetraborane 
indicate that both B,Hio and B;H, also readily dis- 
sociate into smaller fragments. These conclusions are 
based on the observations of boron exchange and the 
kinetics of the exchange reactions. The over-all 
stoichiometries of the reversible reactions between 
B.H¢, BsHio and are represented by the following 
equations: 


2 = BsHio + He 
2 + BeHe = 2 + 2 He 


Pentaborane on the other hand, appears to be formed 
irreversibly. A kinetic study has shown that it is 
formed from B;H,, by a simple first order reaction (2), 
BsHu—~>B;sH, + He. Shere is no evidence for the 
formation of lower boranes or BsHy by the pyrolysis of 
pentaborane. Isotopic exchange reactions (13, 26) 
have shown that its boron skeleton does not break 
down into smaller fragments, and no traces of lower 
boranes have been found among its decomposition 
products. 

Specific Preparations. Because ByHio and BsH;, are 
so unstable they have to be prepared by the mildest 
pyrolytic conditions, such as relatively low reaction 
temperatures and short reaction times. If these pre- 
cautions are not taken, the pyrolysis of diborane 
results in the formation of more stable boron hydrides. 
Dihydropentaborane is prepared (4, 13) by decomposing 
diborane at 115° to 130°C. in an apparatus designed 
for short exposures of diborane and the reaction 
products to the reaction temperature. Since the 
reaction rates are low at these temperatures, repexted 
recycling of the diborane is necessary for good yields. 
Under these conditions the principal contaminan! is 
tetraborane which is easily separable from BsHu. - 

When diborane is allowed to stand at room temper- 
ature under high pressure, the principal initial product 
is tetraborane; after nine days higher boron hydrides 
become major products. However, tetraborane is 
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more conveniently prepared from B;Hy. By heating 
the latter with a large excess of hydrogen at 100° for 
ten minutes, good yields of ByHio are obtained (4). 

Further pyrolysis of these lower boranes leads to the 
formation of pentaborane and higher boranes. Be- 
cause the formation of non-volatile solids is inhibited 
by the presence of hydrogen, while pentaborane and 
decaborane are not, pentaborane is prepared by py- 
rolyzing diborane in the presence of initially added 
hydrogen. Due to the stability of pentaborane it can 
be prepared at higher temperatures than are possible 
for BsHy and BsHu, 225° to 250°C. The higher 
reaction rates at these temperatures permit single-pass 
systems rather than recycling systems (/6). 

Between pentaborane and decaborane are several 
rare hydrides that are difficult to prepare in macro- 
scopic amounts. Of these only hexaborane has been 
prepared in larger than trace quantities. It can be 
obtained in approximately 5% yield by pyrolyzing 
B.iHy (13, 18). Hexaborane can also be prepared in 
very small yield by the tedious acidic decomposition 
of magnesium boride (29). Historically this was the 
first method for preparing boron hydrides. Boron 
hydrides, chiefly tetraborane, are minor products of 
this reaction, with hexaborane a very minor product. 
Traces of octa- and nonaborane have been observed 
among the pyrolysis products of BsHi and B;Hu 
(4, 17, 25). 

The extremely stable decaborane is prepared by 
pyrolyzing diborane for longer periods at 160°C., 
heating only one side of a sealed tube (28). The 
decaborane presumably condenses on the cold side, 
effectively removing it from the reaction zone and thus 
preventing its further decomposition. 

Prolonged pyrolysis of the volatile boron hydrides or 
pyrolysis under extreme conditions invariably results 
in the formation of the non-volatile boranes. Upon 
continued pyrolysis, they become darker in color 
and decrease in hydrogen-to-boron ratio. They do not 
react (4) with hydrogen to reform lower boranes. 


POSSIBLE IDENTITIES OF THE 
NON-VOLATILE BORON HYDRIDES 


One of the most intriguing aspects of boron hydride 
chemistry is the existence of non-volatile substances of 
boron and hydrogen, about which almost nothing is 
known. The importance of these substances is under- 
scored by the interest in their structural and bonding 
properties and the fact that only a small number of 
boron hydrides have actually been characterized. 
The characterization of these non-volatile substances 
could also have important practical applications. 
Since they have generally been found to be inert 
compared to the volatile boranes, they would be safer 
and thus easier to work with. 

Some interesting speculations can be made about 
the possible identity of these substances. From the 
structures and stabilities of the volatile boranes, one 
might infer that the most stable boron hydrides 
would be composed of completed pseudo-spherical 
polyhedra. The most likely of these is the icosahedron 
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represented by the hypothetical B,:H,: molecule, 
although the octahedron represented by BsH, can 
also be considered. In these molecules each of the 
hydrogen atoms would be covalently bonded to boron 
atoms. Larger polymeric units of chains and lattices 
could form from these simple molecules by condensa- 
tions between polyhedra, forming boron-to-boron 
covalent bonds and eliminating hydrogen. It is also 
possible that defective polyhedra, present in the 
volatile boron hydrides, also persist in the non-volatile 


boranes, either alone or in combination with com- 
pleted polyhedra. 
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SOME ASPECTS OF ORGANIC MOLECULES AND 


THEIR BEHAVIOR’ 


Tue potential utility of a reliable compilation of bond 
energies applicable to organic compounds and their 
reactions is so obvious as to require no discussion. Un- 
fortunately, the number of values presently known with 
a high degree of accuracy and precision is very small. 
This fact has not deterred wishful thinkers from tabulat- 
ing various assortments of so-called ‘bond energies” 
which are of little practical use to the experienced 
organic chemist, and which are grievously misleading 
and confusing to the uncritical or the uninformed. 
Whereas these are sometimes copied into elementary 
textbooks without adequate (or, indeed, any) inter- 
pretative or critical comment, it seems desirable to 
present a brief survey of the subject as a prophylactic 
measure, if for no other reason. 


BOND ENERGIES AND DISSOCIATION ENERGIES 


The terms “bond energy” and “dissociation energy” 
are sometimes used interchangeably, with the implica- 
tion that they are equivalent or synonymous. Only 
under certain conditions is this implication justified. 
In the hypothetical case of the simple diatomic molecule 
AB dissociating into atoms in their ‘“‘norma]” or ground 
states the experimentally observed dissociation energy 
D (A-B) is equal to the bond energy E (A-B). 

In practice, such dissociations usually produce one 
“normal” and one “excited” atom. In these cases the 
observed dissociation energy is greater than the bond 
energy by an amount equal to the energy of excitation 
of the excited atom. If the energy differences between 
excited and normal states are accurately known (as 
they are, in general, for univalent elements), a suitable 
correction can be made. Such corrections are made in 
reporting spectroscopically determined dissociation ener- 
gies of diatomic molecules, and such corrected dissoci- 
ation energies, Do (A-B), are equal to bond energies, Fy 
(A-B). 

The bond-energy values of Table 1 (in kilogram cal- 
ories per mole) were obtained by applying the factor 
23.063 to the spectroscopically determined dissociation 
energies (in electron volts) compiled by Herzberg.® 


1 For the first part of this paper, see J. Cupm. Epuc., 34, 272 
(1957). 

? Slight modifications have been made by William H. Rein- 
muth since the author’s death in June, 1956. These alterations, 
it is hoped, do not change in any way the sense of the original 
manuscript, but any errors of fact or interpretation can be as- 
cribed to the overzealousness of the junior author. Address all 
correspondence to William H. Reinmuth, Dept. of Chemistry, 
M.I1.T., Cambridge 39, Mass. 
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II: Bond Energies 


TABLE 1 
Bond Energies of Diatomic Molecules 


Do (=£), 
keal./ 


Molecule Molecule 


Br?Br®! H'H? (HT) 
BrCl (T2) 
Br79F!9 H'Br 
H'cl* 
CH? (CD) 
(Cl*), (1127), 
]?27Br79 

03. [1270] 35 
104.03 (O1*), 
105.01 OH! 


(H?)2 (Dz) 


For polyatomic molecules the situation is more com- 
plicated. For example, in the case of a dissociation con- 
sisting in the separation from the molecule of one atom 
in its normal state, the remaining di- or polyatomic 
fragment may undergo an electronic “reorganization,” 
which presumably occurs simultaneously with the dis- 
sociation. In such cases the apparent dissociation 
energy will be smaller than the true bond energy by an 
amount equal to the “energy of reorganization” of the 
polyatomic fragment. 

In calculations of activation energies from kinetic 
(i.e., reaction-rate) studies such energies of reorganiza- 
tion are often ignored or assumed to be equal to zero. 
It seems probable that for alkyl radicals the values of 
reorganization energies may be relatively small, and 
that the error thus introduced may not greatly exceed 
the over-all uncertainty of many experimental deter- 
minations. When, however, the radical under consider- 
ation is resonance-stabilized [as, e.g., in the case of the 
benzyl (CsH;CH:) radical], the energy of reorganization 
is unquestionably substantial, and calculations of bond 
energies that do not take it into account are corre- 
spondingly in error. 

By way of illustration one may consider the experi- 
mental determination of Dy (CsHsCH:—H) through 
study of the pyrolysis (i.e., thermal decomposition) of 
toluene (CsH;CH;).4 The benzyl (CsHsCH,-) radical 


’ HERZBERG, GERHARD, “Molecular Spectra and Molecular 
Structure. I. Spectra of Diatomic Molecules’’ (translate by 
J. W. T. Spinks), 2nd ed., D. Van Nostrand Co., Inc., New Y ork, 
1950. See also: Gaypon, A. G., “Dissociation Energies and 
Spectra of Diatomic Molecules,’ Dover Publications, Inc., New 
York, 1950. 

‘ For references to original papers on the pyrolysis of toluene, 
substituted toluenes, and related compounds, see: Szwarc. M., 
“The determination of bond dissociation energies by pyrolytic 
methods,’’ Chem. Revs., 47, 75-173 (1950). 
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following structures make contributions. 
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He ¥ 
Hz bu, 
(1) 


(II) (IIT) (IV) 


In each diagram the dot represents the unpaired elec- 
tron of the radical. Diagram (I) should be interpreted as 
representing collectively two Kekulé and three Dewar 
structures. The analogues of these structures all con- 
tribute also to the constitution of toluene (CsH;CHs) 
and, hence, they are not concerned in the additional 
resonance stabilization of the benzyl (CsHsCH: -) radi- 
cal. Structures (II), (III), and (IV), however, have no 
analogues contributory to the constitution of toluene, 
and, hence, are indicative of a resonance-stabilization 
of the radical which must correspond to the major por- 
tion of its reorganization energy. 

The allyl (CH:—CHCH;-) radical is similarly 
resonance-stabilized, for the structures 


H.C—CH—CH:- -H,C—CH=—CH; 


do not contribute to the constitution of propylene.® 

Energy of reorganization attributable to change in 
valence state is discussed and illustrated in the following 
section. 


AVERAGE BOND ENERGIES AND DISSOCIATION 
ENERGIES 


For a compound containing only one kind of bond, it 
is possible, if the energies® of atomization of the com- 
ponent elements from their standard states and the 
energy of formation of the compound from its elements 
in their standard states are known, to compute average 
bond energies. In order that these and other bond- 
energy values shal] have any comparative utility it is 
necessary that all computations relate to a reference 
set of conditions, preferably those of the ideal gas state 
(Le., zero pressure) at O°K. (i.e., “absolute zero’’). 

The water molecule, for which the necessary data are 
available, will serve as an example. Under the ideal 
conditions specified, the energy of formation (AF,°) of 
two hydrogen atoms from molecular hydrogen is ap- 
proximately 103.2 kilogram calories per mole (keal./- 
mole); AF,° for one oxygen atom from molecular 
oxygen is approximately 58.6 kcal./mole; and AF,° for 
the formation of gaseous water from molecular hydro- 
gen and molecular oxygen is approximately —57.1 
keal./mole. [The negative sign of the energy of forma- 
tion of water is a convention indicating that the reac- 
tion H2(g) + '/202(g) H.O(g) is exothermic.] The 
energy of formation of water from hydrogen atoms and 
oxygen atoms (all in the ideal gas state at 0°K.) is, 


may be regarded as a resonance hybrid to which the 


therefore, —103.2—58.6—57.1 = —218.9 kcal./mole. 
This may, perhaps, be made clearer by algebraic com- 
bination of the relevant chemico-energetic equations. 


2H(gas) = H.(gas) — 103.2 keal./mole 
O(gas) = '/2O0(gas) — 58.6 kcal./mole 
H.(gas) = '/20.(gas) = H,O(gas) — 57.1 kcal./mole 


2 H(gas) + O(gas) = H-O(gas) — 218.9 kcal./mole 


The energy of formation of water from the gaseous 
atoms represents the total bond energy of the water 
molecule. The average O—H bond energy in the water 
molecule is, therefore, approximately 109.45 kcal./mole. 

It does not by any means follow, however, that this is 
the value for the energy of dissociation of gaseous water 
into gaseous hydrogen atoms and gaseous hydroxy] 
radicals, Do()H-—-OH). The energy of dissociation of 
the gaseous hydroxy! radical to gaseous atomic hydro- 
gen and gaseous atomic oxygen has been spectroscopi- 
cally determined as approximately 100.3 kcal./mole. 
By difference, therefore, one obtains the calculated 
value Do(H—OH) = 118.6 keal./mole. This agrees 
well with the experimental value of 118 + 0.7 kcal./- 
mole determined by Dwyer and Oldenberg’ through 
measurement of the equilibrium 


2H:0 + O. = 40H 


Incidentally, one could equally well calculate a value 
for Do(O—H), using the experimental value for Do 
(H—OR). ‘ 
To summarize, 
H—OH) = 118.6 keal./mole 
D({O—H) = 100.3 
D(H—O—H) = 218.9( =2 109.45) 


In the application of this method of calculation to 
carbon compounds one is not at present so fortunate in 
the availability of reliable data. One insuperable 
present difficulty is the fact that there is no generally 
acceptable value for the energy of monatomic vaporiza- 
tion of crystalline carbon.’ Direct determination (by 
any of several techniques) requires the application of 
correction factors which must be, in part, estimated. 
Although the energy of formation of gaseous carbon 
monoxide from its elements in their standard states is 
accurately known, the obviously attractive spectro- 
scopic determination of Do(C—O), unhappily, yields 
results which may be variously interpreted as leading 
to any one of at least three different values. 

A further element of uncertainty is introduced in the 
necessity of selecting and evaluating an energy state of 
gaseous carbon to serve as the reference state for the 
calculation of organic bond energies. In its ground 
state (sometimes designated as the *P state) carbon is 
presumably divalent. The energy of promotion of 
carbon from the *P to the presumably quadrivalent 5S 
state is not certainly known (although various esti- 
mated values have been proposed). As if all this were 
not bad enough in itself, some theorists stoutly main- 
tain that there can be no exact correspondence between 
spectroscopic and valence states. 


’The concept of hyperconjugation is here ignored merely be- 
cause the present writer does not find it necessary to his immedi- 
ate purposes, 

‘The energies of atomization and of formation referred to in 
this section are actually the thermodynamic free energies (AF°). 
The abbreviated term is used to emphasize their relationship to 
bond energies (Ep). 
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7 Dwyer, R. J., anp O. OLpENBERG, J. Chem. Phys., 12, 351- 
61 (1944). 

8 An excellent historical review and critical survey of work 
relating to the heat of sublimation of carbon has recently ap- 
peared. [Kern, D. M., TH1s JourNAL, 33, 272 (1956)] The 
reader is referred to this paper for a complete discussion of the 
problem. 


319 


=F), 
cal. / 
nole 
4.33 
5. 80 
6.57 
5.31 
2.23 
82 
11. 90 
9.63 
7.14 
0.31 
> com- | 
con- 
> atom | 
ition,” 
ne dis- 
slation 
by an 
of the 

|__| 


Nevertheless, purely illustrative calculations may be 
made with the aid of more or less arbitrarily selected, 
though not too improbable, values. When, as, and if 
“better” values become available, the calculations may 
be adjusted accordingly. 

For illustrative purposes, the energy of vaporization of 
graphitic carbon at 0°K. to form gaseous monatomic 
carbon in its ground (P) state, the value of 125.055 
keal./mole® tenatively accepted by Rossini et al.” is 
here adopted.'! 

For the energy of promotion of carbon from the *P to 
the quadrivalent state (which, for convenience, is heres 
after designated as the °S state, though without insist- 
ence on exact correspondence between spectroscopic and 
valence states), Norrish’s'* estimate of 69.2 kcal./mole 
is adopted. The energy of transformation of graphitic 
carbon to monatomic quadrivalent carbon at 0°K. 
[AF (C, 5S) ] is thus tentatively assumed to be 194.255 
keal./mole. This arbitrarily selected value, combined 
with the values of Table 4 for the energies of formation 
of atomic hydrogen and gaseous methane, yields a total 
bond-energy value for methane [Ho(CH,)] of 416.722 
keal./mole, and a corresponding average C—H bond- 
energy value [Z)(C—H)] of 104.18 keal./mole. 

In summary, 


AF;° (C, §S) = 194.255 keal./mole 
AF;° (4H) = 206.48 

—AF;° (CH,) = —(—15.987) 

Av. E,(C—H) = 104.18 


There have been numerous experimental determina- 
tions of Do(CH;—H), most of which have yielded values 
ranging from 100 to 103 kcal./mole. Szware’s'® selected 
“best”? value is that based on kinetic studies of the 
photobromination of methane by Kistiakowsky et al.,'4 
101 + 1 keal./mole. 

A value of Do(CH;—H) approximately 3 kcal./mole 
less than the average E,(C—H) for methane would 
imply a reorganization energy of 3 kcal./mole for methyl 
radicals derived from methane."* On the assumption 
that this value is approximately correct, the average 
E,(C—H) for the methyl] radical is about 1 kcal./mole 
greater than that for methane. 

The removal of a hydrogen atom from a methy] radi- 


® Although utterly unjustified by the ‘significance’ of the 
datum, three decimal places are retained for purposes of calculs- 
tion (in order to avoid any possible accumulation of rounding-off 
discrepancies). 

1 Rossini, Frepertck D., S. Pitzer, WILLIAM J. 
Taytor, Joan P. Esert, Joun E. Kitpatrick, CHARLES W 
Beckett, Mary G. Witiiams, aND HELENE G. WARNER, 
“Selected Values of Properties of Hydrocarbons,’’ Circular of 
the National Bureau of Standards C461, U.S. Gov’t. Printing 
Office, Washington, D. C., 1947, p. 332. 

11 Recent work seems to strongly favor the value 170 kcal./ 
mole (see D. M. Kern loc. cit.). The interested reader may find 
it instructive to carry through the calculations of the discussion 
using this value instead of the one proposed. 

12 Lona, L. H., anp R. G. W. Norrisu, ‘“The Thermochemis- 
try of Carbon,’’ Proc. Roy. Soc. (London), A187, 337-57 (1946). 

13 Szwarc, M., Chem. Revs., 47, 160 (1950). 

14 For references to these and other original papers see SzwaRc, 
M., loc. cit., pp. 152, 154, 160. 

18 Although all methyl radicals, whatever their source, are pre- 
sumed to have a common ground state, with a constant energy 
content, the energy of reorganization of a methyl radical derived 
from ethane, for example, is not necessarily the same as that of 
one derived from methane. 


cal involves the transition of carbon from the 5S to the 
’P state. If the arbitrarily selected transition energy 
value of 69.2 kcal./mole is (again arbitrarily) dis- 
tributed equally over the three C—H bonds, there fol- 
lows for Do(CH:—H) the value of 82.17 keal./mole, and 
for the average E,(C—H) of the methylene (CH2) radi- 
cal, 82.17 keal./mole. 


TABLE 2 
Energies of Formation (AF;°) of Several Ideal Gaseous 
Substances at 0°K. from = Elements in Their Standard 
tates’ 


Substance AF;° (keal./mole) 
H 51.620 
O 58.586 
OH 10.0 
—57.1043 
C(#P) (125.055) 
C(5S) (194.255) 

H (96.675) 
CH, (63.943) 
CH; 33.393 
CH, —15.987 
—16.517 
CoO —27.2019 
CO, —93 .9686 
Cl 28.537 
Br 21.226 


@ Values in parentheses are arbitrarily selected or are calculated 
with the aid of arbitrarily selected estimates; others are believed 
to be accurate experimental values, or are calculated therefrom. 
Sources of experimental data are: Rossini FREDERICK D., ET AL., 
“Selected Values of Properties of Hydrocarbons,” U. 8. Gov't 
Printing Office, Washington, D. C., 1947; and HerzBere, Ger- 
HARD, “Molecular Spectra and Molecular Structure. I,” 2nd 
ed., D. Van Nostrand Company, Inc., New York, 1950. In the 
calculation of AF;°(CH;) the value 101 kcal./mole is used for 
D(CH;—H). 


For D)(C—H) there is the spectroscopically-deter- 
mined value of 80 kcal./mole; by difference one obtains 
the calculated value of 84.35 kcal./mole for Do(CH—H). 

The provisional data thus derived are summarized in 
Table 3. 


TABLE 3 
Provisional Energy Data (in kcal./mole) for Ideal Gaseous 
CH, at 0°K. 


Total Ap. 
n E,(CH,) E.(C—H) D(CH,_: 
4 (416.722) (104.18) 101 
3 (315.722) (105.24) (82.17) 
2 (164.352) (82.17) (84.35) 
1 80 80 80 
SOME SAMPLE CALCULATIONS 


Pauling’s C—H and C—C Bond-Energy Values. 
Pauling’s"* estimate of the C—H bond-energy value 
[Ex(C—H) = 87.3 kcal./mole] is based upon an arbi- 
trarily selected value of 124.3 kcal./mole for the heat of 
vaporization of diamond (equivalent to 124.1 keal./- 
mole for graphite). This is combined with the compiled 
values of Bichowsky and Rossini” for the heats of 
atomic hydrogen [copied as 51.7 (instead of 51.9) 

16 PauLine, Linus, “The Nature of the Chemical Bond,’ 2nd 
ed., Cornell University Press, Ithaca, N. Y., 1944, p. 53. 

7 Bicnowsky, F. RussELL, AND FrepertcK D. Rossini, “The 
Thermochemistry of the Chemical Substances,’’ Reinhold Pub- 
lishing Corp., New York, 1936. 
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keal./mole] and gaseous methane from gaseous hydro- 
gen and diamorid (—18.24 kcal./mole) at 18°C. 
(291.16°K.). No account is taken of the difference in 
energy contents of the ground and quadrivalent states 
of carbon. The resultant calculated E,(C—H) value 
for methane is proposed as an approximately constant 
value for aliphatic C—H bonds in general. 

Combining this “constant”? C—H bond-energy value 
with the arbitrary value for the heat of vaporization of 
diamond and the Bichowsky and Rossini value for the 
heat of formation of ethane (—20.96 kcal./mole) one 
may arrive at the improbable C—C bond-energy value 
for ethane [E,.(CH;—CH) = 58.6 kcal./mole] proposed 
by Pauling as substantially constant for aliphatic com- 
pounds. 

Energy of Formation of the Methyl Radical. It is pos- 
sible, without resorting to assumptions concerning the 
value of AF,° (C, 5S) to calculate an energy of forma- 
tion of the methy] radical in its ground state from the 
elements in their standard states. 

The relevant equations may be combined alge- 
braically as follows (numerical values in keal]./mole) : 


Cy raphite) + CH ¢eas); = —15.987 
+ Do(CHs—H) = +101 
— Hess): AF;°(H) = +51.62 
Ceeraphitey + 1! (gas) > CH s¢eas); AF;°(CH;) = +33.393 


As a matter of convenience, a short-cut, but mathe- 
matically equivalent, method of calculation may be 
used. 


AF;°(CH,) =) = AF,°(CH;) 
7 + 101 = AF;°(CH;) + 
= 33.393 kcal. 


Here, as in similar calculations in this discussion, an 
unjustifiable array of decimal places is retained for 
computation purposes. The above value (recorded in 
Table 2) therefore masquerades in an utterly spurious 
smblance of accuracy and precision. Although 
AF ,°(CH,) and AF,°(H) are known with a high degree 
of accuracy, the calculated value of AF,°(CH;) can be 
no better than the experimental value for Do(CH;—H). 
If one accepts the estimated uncertainty of +1 kcal./- 
mole, one should write AF ,;°(CH;) = 33.4 + 1 keal./- 
mole. 

Dissociation of Ethane into Two Methyl Radicals. 
With the aid of the value of AF ,°(CHs;) so calculated it 
is also possible to arrive at a value for Do(CH;—CHs) 
based on experimental data. 

+ Do&CH;—CH;) = 
—16.517 + Do(CH;—CH;) = 66. 
D.(CH;—CH;) = kcal. /mole 


With due regard for the uncertainty in the value of 
D(CHs—H), implicitly involved in this computation, 
one should write 


DCH;—CH,) = 83.3 + 2kcal./mole. 


Incidentally, the same value can be calculated, with 
the same degree of uncertainty, in a manner which 
makes its dependence on Do(CH;—H) obvious. 


+ Do(CH;—CH;) + H—H) — 2[Do(CH;—H)] = 
-16.517 + Do(CH;—CH;) + 103.24 — 202 = —31.974 
Do(CH;—CH;) = 83.303 kceal./mole 


This may be compared with the direct experimental 
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value of Rice and Dooley® (79.5 + 3 kcal./mole), 
derived from a study of the pyrolysis of ethane by a 
method which appears to yield values that are uni- 
formly too low.'® 

It should be noted, however, that the value of Dp 
(CH;—CH;) does not reveal the value of Ep(CH;—CHs) 
unless the energy of reorganization of methy! radicals 
derived from ethane (which is in all probability greater 
than that of methy] radicals derived from methane) is 
also known. About all that may be ew con- 
cluded is that: 


E,(CH;—CH;) > 83.3 + 2 keal./mole 
and, probably, 
E,(CH;—CH;) > 89.7 + 2 kcal./mole 


““CONSTANCY”’ OF C—H AND C—C DISSOCIATION 
ENERGIES 


With the aid of the selected experimental values of 

97 keal./mole and 95.5 kceal./mole for Do(C:H;—-H) and 
D,(n-C;H;—H), respectively, it is possible to cal- 
culate AF,°(C;H;) = 28.863 kcal./mole and AF,° 
(n-C3;H;) = 24.398 keal./mole by the method previ- 
ously employed for the computation of AF,°(CH;) = 
33.393 kcal./mole. On the further rather probable 
assumption that, for the normal (i.e., straight-chain) 
alkanes, the energy of dissociation of a primary hydro- 
gen atom [Do(n-R—H)] remains approximately con- 
stant (ca. 95.5 keal./mole) beyond propane (C;Hs), 
other AF,°(n-R) values may be similarly computed. 
With the aid of these calculated radical energies of for- 
mation, the C—C dissocation energies [Do(R—R’)] of 
Table 4 may be obtained by the method previously em- 
ployed for the computation of Do(CH;—CH;) = 83.303 
keal./mole. 

In Table 4 the very accurate n-alkane energy of for- 
mation values [AF ,;°(RH)] of Rossini et al. (loc. cit."°) 
are printed in boldface; the much less certain selected 
experimental values of Do(R—H) are printed in italics; 
and the assumed constant value of Do(R—H) is en- 
closed in parentheses. 

By inspection of Table 4 it may be seen that for any 
given radical R the value of Do(R—R’) tends to ap- 
proach a constant value as R’ becomes larger. It would 
appear a reasonable assumption that for the normal 
(straight-chain) alkanes beyond hexane E)(C—C) has 
an approximately constant average value, and that the 
small differences in Do(R—R’) are attributable to dif- 
ferences in radical reorganization energy. 

The data of Table 4, taken in conjunction with those 
of Table 7, would appear to warrant the tentative con- 
clusions (for purposes of calculation, at least) that for 
normal alkanes beyond hexane: (1) Eo(C—C) has an 
approximately constant average value; (2) E,(C— 
Hyrimary) has an approximately constant average value; 

18 Ric., F. O., anp M. Denise Dootey, J. Am. Chem. Soc., 
55, 4245-7 (1933). 

19 For a critique of the method see: Szwarc, M., Chem. Revs., 
47, 118-22 (1950). Szwarc, incidentally, maintains that the 
margin of error admitted by Rice and Dooley is too small, and 
tabulates the value 80 + 6 kcal./mole. 

* These values are well within the margin of uncertainty of 
the experimental determinations, but are preferred to the corre- 
sponding 98 keal./mole and 95 keal./mole, respectively, selected 


by Szwarc (loc. cit.'*), merely because they yield somewhat more 
self-consistent D(R—R’) values. 
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TABLE 4 
Calculated n-Alkyl Radical Energies of Formation [F,°(R)] and Straight Chain C—C Bond Dissociation Energies 
[D(R—R’)) at 0°K. in the Ideal Gas State 
—AF;° (keal./mole)— Do (keal./mole) 

R RH R R-H R-CH, R-CH, 
CH; —15.987 33 .393 101 83.303 81.718 81.143 81.211 80.983 80.943 
C.H; —16.517 28.863 97 81.718 81.058 80.551 80.391 80.123 80.093 
C;H; —19.462 24.418 95.6 81.143 80.551 79.816 79.616 79.358 79.318 
C,H, —23.332 20.548 (95.5) 81.211 80.391 79.616 79.426 79.158 79.118 
C;Hu —27.27 16.61 (95.5) 80.983 80.123 79.358 79.158 78.89 78.85 
C.His —30.98 12.90 (95.5) 80.943 80.093 79.318 79.118 78.85 78.82 

7His —34.65 9.23 (95.5) 80.953 80.093 79.318 79.118 78.86 78.82 
C.sHu — 38.33 5.55 (95.5) 80.943 80.083 79.308 79.118 78.85 78.82 

oHis —42.00 1.88 (95.5) 80.943 80.083 79.318 79.118 78.85 78.82 
CyoHa —45 .67 —1.79 (95.5) 80.943 80.093 79.318 79.118 78.86 78.82 

11 Hes —49.34 —5.46 (95.5) 80.953 80.093 79.318 79.128 78.86 78.82 
—53.02 —9.14 (95.5) 80.943 80.083 79.318 79.118 78.85 78.82 


and (3) Eo(C—Hoeecondary) has an approximately con- 
stant average value. It is obvious, however, that any 
attempt to establish constant values based on data for 
the first five members of the series is foredoomed to ma- 
teria] error. 


TABLE 5 


Heats of Formation of Normal Alkanes in the Ideal Gas 
State from the Elements in Their Standard State at 0°K. 


(kcal. /mole) 

Alkane———Y 

Name Formula Exptl. Cale’d.? 
Methane CH, —15.987 —12.615 
Ethane C.H, —16.517 —16.288 
Propane C;Hs —19.482 —19.961 
n-Butane CyHio —23 .332 —23 .634 
n-Pentane CsHie —27.27 —27.307 
n-Hexane C.Hu —30.98 —30.980 
n-Heptane —34.65 —34.653 
n-Octane CsHis —38.33 —38.326 
n-Nonane CoH —42.00 —41.999 
n-Decane —45.67 —45.672 
n-Undecane —49.34 —49.345 
n-Dodecane —53.02 —53.018 


* The experimental values are those of Rossini et al. (loc. cit."). 
Calculated values are based on: ‘average’? AH;°(—CH,—) 
= —3.673; “average” AH;°(—H)terminat = —4.471. 


Trial calculations based on the excellent thermal data 
of Rossini et al. (loc. cit.) (see Table 5) show that, not 
only is there a constant increment in free energy of 
formation value (AF’,;°) from one homologue to the next 
among the higher members of the normal alkane series, 
but that for purposes of additive calculation AF,° 
(—CH,—) has a constant value (—3.673 kcal./mole) 
for the higher members of the series. Likewise, for the 
higher members of the series, two terminal hydrogen 
atoms in H—(CH:),—H have the constant free energy 
of formation value AF ,°(2H—)term. = —8.942 kcal./- 
mole. This implies a constant calculation value for the 
linear bond energies (i.e., the energies for average C—C 
and two terminal C—H bonds). It should be noted 
that, as it relates to the terminal C—H bonds this is an 
additive calculation value only, and does not represent 
the true primary C—H bond-energy value. This value 
may, however, be accepted as approximating the true 
average C—C bond-energy value. 

Whereas, the constant AF ,;°(H—) term. value auto- 
matically includes one-half of the constant linear bond- 
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energy value [equal to '/2#o(C—H) em. ], one may pro- 
ceed to the calculation of this value by means of the 
equation: 


AF,°(2H—)term. + 2 x 1/2Fo(C—H) term. = AF;°(2H) 
—8.942 + Ey)(C—H)term. = 103.24 
E)(C—H)term, = 112.182 kcal./mole 


It may be noted that this value, which is here adopted 
as the average E,)(C—C) value, is independent of any 
assumptions concerning the value of the free energy of 
vaporization of carbon [AF,°(C, 5S)]. However, with- 
out such an assumption it is impossible to calculate an 
average secondary C—H _ bond-energy value for 
—CH,—, for any equation set up will necessarily con- 
tain two unknowns. 

Purely for illustrative purposes, one may, with the aid 
of the arbitrarily selected value AF,°(C, 5S) = 194.255 
keal./mole previously employed in the illustrative 
methane calculations, compute a provisional 
av. sec. Value. 


AF;°(C, 5S) + 2AF,;°(H) — sec. 
xX 1/2Ho(C—C )av'ge AF;°(—CH:—) 


194.255 + 103.24 — 2E,(C—H)av. see — 112.182 = —3.673 
E,(C—H)av. sec. = 94.493 keal./mole 


The provisional value of Eo(C—H),y. sec. 80 obtained 
may be combined with the calculation value of F) 
(C—H)jerm. to derive a provisional value for the average 
primary C—H bond energy. 


1/3[Eo(C—H term. + 2E,(C—H )av. = E,(C—H )av. prim. 
1/3(112.182 (2 x 94.493) ] E,(C—H )av. prim. 
Eo(C—H )av. prim, 100.389 kcal/mole 


On the probable assumption that, for the early mem- 
bers of the series, the E)(C—C) values are somewhat 
greater and the E,(C—H) values somewhat smaller 
than average, a self-consistent (though not absolutely 
unique) set of provisional E, values for the entire series 
may be obtained (Table 6). 

The student is warned, however, that this kind of 
solitary pastime may prove habit-forming. Although 
it is probably neither so demoralizing nor so debilitating 
as dope-addiction or alcoholism, it can be woefully time- 
consuming. 

The foregoing discussion of dissociation enerzies, 
bond energies, and related caJculations may contri) ute 
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4 TABLE 6 
Provisional Average Bond-Energy Values [E)(C—H) and E,(C—C)] for n-Alkanes at 0°K. in the Ideal Gas State 


95.8543 


Ap. Ap. 
Average Primary Secondary Average AHAnC, + AH,;° 
n-Alkane E,(C—H) E,(C—H) E,(C—H) E(C—C) AH;°(2nH + 2H) AH (exp’t.) 
CH, 104. 1805 400.735 —416.722 — 15.987 
100.0000 100.000 114.747 698 . 230 —714.747 —16.517 
C;Hs 98 .3746 100.098 93 . 2045 114.105 995.725 —1015.207 —19.482 
97.6153 100.195 93.7458 113.463 1283 .210 — 1316.542 — 23.332 
CsHis 97.2251 100. 292 94.1582 112.821 1590.715 —1617.985 —27.27 
CeHu 97 .0207 100.389 94.493 112.182 1888.21 — 1919.19 —30.98 
C7Hie 96.6768 100.389 94.493 112.182 2185.71 — 2220 . 36 —34.65 
CsHis 96. 4587 100.389 94.498 112.182 2483 . 20 — 2521.53 —38.33 
CoHeo 96 . 2623 100.389 94.493 112.182 2780.70 — 2822.70 —42.00 
CyoHee 96.1015 100.389 94.493 112.182 3078.19 —3123 .86 —45.67 
95 . 9668 100.889 112.182 


112.182 


in a small way to the student’s factual armamentarium. 
Its primary purpose, however, is to encourage a critical 
attitude toward numerica] data, and to supply some 
rudimentary implements of intelligent criticism. Al- 
though the unsophisticated are all too readily inclined 
to the naive belief that figures do not err, the literature 
is replete with demonstrations that the errant do figure 
(and sometimes very persuasively). As the vulgate 
hath it, the quality of the sausage that emerges from a 
mathematical machine is never any better than that of 
the meat that the machine was called upon to ingest. 


SOME COMMON TYPES OF ORGANOCHEMICAL 
REACTIONS 


In view of the magnitude of the calculated dissocia- 
tion energies of Table 4, one might well be inclined to 
wonder how any organic reaction involving the dissoci- 
ation of C—C or C—H bonds could take place at or 
near room temperature. 

Material diminutions in such bond-dissociation 
energies may, of course, result from the influence of 
neighboring “activating” groups. For example, al- 
though the absolute value of Do(CH;—COCH;) is not 
known with any satisfactory degree of certainty,*! it is 
unquestionably substantially smaller than that of 
Do(CH;—CH2CHs).2? 

A more striking example is furnished by hexaphenyl- 
ethane [(CsHs)sCC(CeHs)3], which to some extent dis- 
sociates in benzene solution at or near room temperature 
in the sense 


(CsHs)sC: C(C.Hs)3 2(C.Hs):C- 


The energy of activation for this dissociation, equiva- 
lent to Do[CeHs)sC—C(CeHs)s], has been experimentally 
determined as about 11 + 1 keal./mole. This value 
cannot be directly compared with Do(CH;—CH;) = 
83.3 kcal./mole, and, unfortunately, reliable data for 
correction to the ideal gas state at 0°K. are lacking. 
However, the correction would be relatively small, and 
there can be no doubt that Do[(CeHs)sC—C(C.Hs)s] 
<D,(CH;—CH)). 

The weakening of the central C—C bond in hexa- 
phen lethane (as compared to that in ethane) is un- 


* On the basis of pyrolysis experiments, Rice, F. O., anv K. F. 
Herzrep, J. Am. Chem. Soc., 56, 284-9 (1934), estimate ca. 70 
keal. /mole. 

* Acetone (CH;COCH;) undergoes photodissociation when ir- 

ted with ultraviolet light under conditions which leave 
propane (CH;CH-CH;) unaffected. 


VOLUME 34, NO. 7, JULY, 1957 


questionably attributable in large part to the resonance- 
stabilization of the trity] [(triphenylmethyl, (CsHs)3C- 
radical, analogous to, but much greater than, that of 
the benzyl (CsHsCHe. ) radical already discussed. Some 
theorists have attributed the bond-weakening solely to 
resonance and steric effects, and have estimated the 
“resonance energy” of the trity] radical on this basis. 
It seems more probable (at least to the present writer), 
however, that E,)[(CsHs)sC—C(C,.Hs)3] is actually less 
than E,(CH;—CHs), perhaps by an amount roughly 
comparable to the difference between Eo(Cls;C—CCls), 
and E,(CH;—CH,;), and that only the remainder of the 
difference between and Do 
(CH;—CH;) should be attributed to resonance effects. 

Tn any case, however, bond-weakenings of the magni- 
tude observed in hexaphenylethane are rare, and, in 
general, another explanation of the fact that reactions 
involving the dissociation of C—C and C—H bonds 
take place at relatively low temperatures (which is to 
say with relatively small activation energies) must be 
sought. 

Usually, for bi- or polymolecular reactions, the prin- 
cipal factor contributing to ease of dissociation of exist- 
ing bonds is the simultaneous” formation of new bonds. 
The student of general chemistry is already acquainted 
in principle with this type of dissociation facilitation 
through the Brgnsted-Lowry definition of bases and 
hydrogen acids which may be concisely conveyed by 
means of the generalized equation 

HB+ B’ = + B 

(acid) (base) (conjugate acid) (conjugate base) 
For the particular case of hydrogen chloride in aqueous 
solution, the special equation becomes 


HCl + H.0 = H;0+ + Ci- 
(acid) (base) (conjugate acid) (conjugate base) 


To complete the mechanistic picture, the definitive 
equation should be amplified to take into account the 
solvation (through hydrogen-bonding) of the chloride 
ion. Reduced to the ultimate in simplicity,‘ the mecha- 
nistic equation could be written as 


23 Although such processes probably are, for the most part, ac- 
tually simultaneous, it suffices for all practical purposes that the 
(exothermic) energy of formation of the new bond (or bonds) be 
“thermodynamically available’’ as a contribution to the (endo- 
thermic) energy of dissociation of the existing bond (or bonds). 

24 Actually, in aqueous solution, both the proton and the 
chloride ion are more highly solvated than the simplified equation 
would indicate. 
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Thus, although hydrogen chloride in the gaseous 
state or in completely “inert’’ solvents does noi dis- 
sociate in the sense 


HC] =. + 


in “polar” solvents, of which water may be regarded as 
the prototype, the (endothermic) energy of dissociation 
is supplied by the (exothermic) energies of solvation of 
the respective ions. 

The analogues of such heterolytic (i.e., ionic) dis- 
sociations play a part in many organic reactions, such, 
for example, as the solvolyses of alky] halides. 

The facilitation of homolytic (i.e., atomic or radical) 
dissociations through covalent bond formation does not 
differ in energetic principles from the facilitation of 
heterolytic dissociations through ionic solvation. 

For example, the photohalogenation of an alkane 
(say, for instance, methane, CH,) is initiated by a 
halogen atom produced by light-energy. 


hv 
X, 


The first (and relatively slow, and, therefore, rate- 
determining) step in the halogenation of methane con- 
sists in the reaction 

CH, + -X — H,C-----H----:X + H,C’ + H:X 


Here the exothermic energy of formation of the H- -X 
bond (ca. —86.6 kcal./mole in the case of H—Br) « on- 
tributes toward the endothermic energy of dissocia: ion 
of the H;C—H bond (ca. 101 keal./mole), so that the 
calculated energy of activation (and, in this simple case, 
the observed energy of activation also) is the difference 
between Do(H;C—H) and Do(H—X)”* (ca. 14.4 kexl./- 
mole in the case of photobromination). 

The second, relatively rapid, step in the halogenation 
is exothermic and requires no over-all energy of activa- 
tion. 


H;C- + H;C-----X°----X H;C:X + -X 


Incidentally, the photohalogenation of an alkane isa 
typical example of chain-reaction. The initiating react- 
ant, or its chemical equivalent (in this case the halogen 
atom, ‘X), consumed in the first stage of the reaction, 
is regenerated in the second stage, and so carries on a 
“reaction chain.” 

Although the foregoing exposition does not by any 
means exhaust the typical possibilities of contribution 
of exothermic processes to the energy of activation of 
simultaneous endothermic processes, it may serve to 
clarify a subject that some students of organic chemis- 
try find troublesome. 


- Tn general, activation energies so calculated are regarded as 
minimum values. 


Maxine prints of 35-mm. negatives to be used as slides 
is often difficult. The following procedure is simple 
and has been found satisfactory for making both 
2-X 2-in. or 3'/.-X 4-in. slides. 

The process is that of putting the information 
(charts, outlines, diagrams, curves, etc.) on a chalk 
board, photographing it, and using the negative itself 
as the slide. For best results a green chalk board has 
been used. The area covered on the board is approx- 
imately 30 X 40 in. and the picture taken from 4!/,— 
5 ft. For improved contrast a red filter is used with 
Plus-X film. Two photoflood lights, situated so as to 
prevent glare, are used for lighting. Experience shows 
that a light meter and filter factor are of little use; 
exposures of 1/100th second at f 5.6 have given very 
satisfactory results. The board should be cleaned 


J. A. SOUTHERN 
Howard College, Birmingham, Alabama 


with a damp cloth after each use, as chalk dust !eft by 
an eraser may cause some glare. 

The 2-X 2-in. slides are made by mounting the neg- 
atives in ready-mounts and for the 3'/.-X 4-in. slides 
negatives are mounted between glass plates. .\ very 
suitable ready-mount has been obtained at reasonable 
cost from Craftsman’s Guild, Hollywood, California. 
The 2-X 2-in. slides are produced at a cost of approx 
imately seven cents each and the 3!/.-X 4-in. slides at 
from ten to twelve cents each. 

This technique has been used very succe-sfully 
showing electrical circuits, tables, diagrams, 
and flow-sheets. Its usefulness will depend «1 the 
individuals ability to arrange his data on the chalk 
board and his gaining of experience for optimum 'mag¢ 
size, distance, lighting, and exposure. 
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Srupents in elementary chemistry courses are intro- 
duced to sulfuric acid, some of its properties and its 
Bs preparation, but, because of things which are generally 
-act- stated and others which are left unsaid by most text- 
ogen books? of general chemistry, qualitative analysis, and 
tion, even of inorganic chemistry, seem to harbor some gross 
ws misconceptions concerning the strength of the acid 
and the nature of the ionic and (in concentrated solu- 
aly tions) molecular species which are present. In fact, 
ition it has been observed that these erroneous notions are 
m of not afterward corrected in the course of the normal 
e to undergraduate program. 
-mis- 
IONIC SPECIES IN FAIRLY DILUTE SULFURIC ACID 
{SOLUTIONS 
Most of the elementary books and also the textbooks 
of inorganic chemistry show that sulfuric acid is strong 
in the first dissociation, H.SO, — H+ + HSOQ,-, Ki > 
10° and indicate that the second dissociation constant 
is small, i.e., that HSO,- is a weak acid. Many list 
a value of 10-* for K2, HSO,- = H+ + SQu--, Ke = 
10-*. However, it seems that the reader is left with 
the feeling that sulfuric acid is really a rather impotent 
one compared to perchloric acid and is often explicitly 
told that in normal working concentrations (ca. 1 M) 
there is a negligible amount of sulfate ion present. Both 
of these notions are in error, if we can accept the find- 
ings of recent research on the acid strength and the 
magnitude of second dissociation step. 
The observation that negligible sulfate ion is present 
is in some instances “explained’’ by invoking the com- 
ft by 7 mon-ion effect. Actually, the value of the second 
ionization constant does appear to be close to 10-%, 
p neg: but we must remember that this constant refers to 
slides J activities and not to concentrations. Hence, 
mable Ke. = ) = K:/ye 
ornia. 
)prox- ‘Suggestions of material suitable for this column are eagerly 
des at J Sought and will be acknowledged. They should be sent with 
48 many details as possible to Karol J. Mysels, Chemistry 
fully Department, University of Southern California, Los Angeles 7, 
ish California. Contributors of discussions in a form suitable for 
urveS, publica directly will be acknowledged as guest authors. 
nthe * Since the purpose of this column is to prevent the spread and 
chalk 9 °2tinu:tion of errors and not the evaluation of individual texts, 
image the source of the errors discussed will not be cited. The error 


must occur in at least two independent standard books to be 
presented. 
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TEXTBOOK ERRORS:’ 


GUEST COLUMN 


XIII: The Nature of Ionic and 
Molecular Species in Sulfuric Acid 


CARL H. BRUBAKER, JR. 
Michigan State University of Agriculture and Applied 
Science, East Lansing, Michigan 


+ - a — 
yr = and K, = 


where du+, Qso.- and are the activities of 
the species and yu+, etc., are the activity coefficients. 
The concentration “‘equilibrium constant” (better, con- 
centration quotient), K»,., which is what is needed for 
calculation of concentrations of the various species, 
is very much a function of concentration and deviates 
markedly from 10~? at 0.001 M and above. 

Individual activity coefficients of ions cannot, in 
general, be obtained experimentally but K,, can be 
derived from conductivity measurements in very dilute 
solutions, and, analysis of Raman spectra of sulfuric 
acid solutions has been used to determine K2, at var- 
ious concentrations above 0.05 M.** It has been 
demonstrated that K.. increases markedly with sulfuric 
acid concentration (i.e., the ratio yg, decreases rapidly). 

A similar situation is found in the analogous dissocia- 
tion of H,PO,~ into H+ and HPO,-~. 

In 6 M sulfuric acid K»,. reaches a value of about 3.3. 
This means that the sulfate ion concentration is 1.8 
M. Evenin 1 M sulfuric acid, = 0.5, thus (SO,-~) 
= 0.3 M. 

The data of Young and Smith‘ are summarized in 
the accompanying figure: K;. is plotted against con- 


3 Youna, T. F., anp L. A. Biatz, Chem. Revs., 44, 98 (1949). 
‘Suir, H. M., Ph.D. Thesis, University of Chicago (1949), 
AND Youna, T. F., Record Chem. Progress, 12, 81 (1951). 
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centration of sulfuric acid for solutions up to 11 M. 
Their results are also shown in Table 1. 


TABLE 1 
The Dissociation of the Bisulfate Ion in Sulfuric Acid 
Solutions 
(H280,) 
total ifference (SO,-~) 
M M M 
0.050 0.035 0.015 
0.101 0.069 0.032 
0.204 0.148 0.056 
0.332 0.242 0.089 
0.492 0.347 0.145 
0.978 0.710 0.268 
1.471 1.04 0.436 
2.953 1.98 0.974 
3.970 2.70 1.27 
5.990 4.22 
7.816 6.03 1.78 
10.85 9.78 1.07 
13.94 13.66 0.028 


It should then be very clear that considerable dis- 
sociation of the bisulfate ion does occur in 0.1 to 6 M 
sulfuric acid solutions and hence many statements, 
not only in general chemistry books but also in some 
more advanced texts, are either inadequate or down- 
right misleading. 

THE NATURE OF THE SPECIES PRESENT IN CON- 
CENTRATED SULFURIC ACID 


In almost every one of the books examined, mention 
is made of the existence of pyrosulfuric acid, H,S,0,, 
in solutions containing more than 98% sulfuric acid, 
and most of these sources also report that a consider- 
able amount of undissociated H,SO, is present. As a 
result the idea is frequently given that, because of 
the presence of H,SO,, the acid is not as strong as per- 
chloric acid and in several cases this statement is 
explicitly made. Moreover, most of the texts ignore 
the existence not only of species such as H;SO,*+ but 
of the higher series of polymeric sulfuric acids, H2S,032+1 
or H,0-(SO3)-. 

Young and Smith‘ in their Raman work have deter- 
mined the amount of undissociated H.SO, present in 
solutions up to 18.62 M and their findings are shown in 
Table 2. They show that there is little unionized 
H,SOQ, in a 14 M solution, but that the amount increases 
rapidly until there is about 14.5 M H,SO, in 18 M sul- 
furie acid. 


TABLE 2 
The Dissociation of Molecular H:SO, in Strong Sulfuric 
Acid Solutions 

(H2S0,) (H2S0,)* 

total (H20) undissociated (HSO,~)* 

M % by wt. M M 

15.18 15.9 2.8 11.1 
16.24 11.5 6.0 10.8 
18.11 3.1 14.6 4.3 
18.62 0.1 15.0 0.0 


* (H,SO,) and (HSO,~) were determined directly from Raman 
spectra. The sum (H2SO,) plus (HSO,~) does not, in general, 
equal the total sulfuric acid present. This discrepancy is prob- 
ably due in part to experimental uncertainty and in part to the 
fact that these are not the only species present (i.e., the poly- 
sulfuric acids begin to show up in this concentration region). 


As a result of work on nitronium compounds of the 
polysulfuric acids by Goddard, Hughes and Ingold‘ 
work on Raman spectra of the “oleums” (fuming su!- 
furic acids)® and the observations of Gillespie,’ there 
seems to be little doubt that higher polymers than 
H.S,0; exist. The nitronium salt of (NO,),- 
(S301) has been isolated. In fact, in nearly pure SO, 
the degree of polymerization may be very large.® 

From cryoscopic measurements, Gillespie has been 
able to estimate the amounts of the anions H§,0, -, 
and which are present in 
fuming sulfuric acids of various concentrations. 


THE SUPERACIDITY OF SULFURIC ACID AND THE 
IONIC SPECIES IN CONCENTRATED SOLUTIONS 


Acid strength of strong acids in concentrated solu- 
tions is frequently described in terms of Ho, the Ham- 
mett acidity function,’ which is identical with pH in 
dilute solutions, but which provides a more valuable 
measure of acidity in concentrated solutions, where pH 
is not measurable. This function is based on measure- 
ments with reference indicator acids of the type HB+ 
and takes into account the activity coefficients, xs: 
and sz, of the indicator acid, HB*t, and its conjugate 
base, B. The acidity function is defined by 


Ho = — log ag+ — log (ys/yuB*) 
The acidity function can then be measured by record- 
ing color changes, of an appropriate indicator, which 
are proportional to the ratio (B)/(HB*), since, 


ax au (B)ys 


Kina. =  (HB*)yas+ 


then, 


Hy = — logan — log = 
— log Kina. — log (HB*)/(B) 


This function gives an excellent measure of proton 
activities under conditions where other types of measure- 
ments of axu* are difficult, if not impossible. 

The Hp function for sulfuric acid has been measured” 
and is discussed in detail by Coryell and Fix.’ This 
work demonstrated unequivocally the superacidity 
of sulfuric acid and shows it to have roughly the same 
behavior as perchloric acid. For example, pure sul- 
furic acid has a proton activity 10-* times greater 
than that of a 1 M solution. In comparison with per- 
chlorie and sulfuric acids, HCl, HBr, and HI are not 
so powerful, and nitric acid is in the weak-strong class. 
Recent studies'! show that hydrofluoric acid, at least 
in highly concentrated aqueous solutions, is a very 
strong acid. 

The primary ionizations is concentrated su:furic 


5 Gopparp, D. R., E. D. Huanes, anv C. K. Incotp, J. “hem. 
Soc., 1950, 2559. 

6 Miitzn, D. J., J. Chem. Soc., 1950, 2589. 

7 Guutespig, R. J., J. Chem. Soc., 1950, 2516. 

8 CorYELL, C. D., R. C. Frx, J. Inorg. Nuclear. 1, 
119 (1955)., 

Hammett, L. P., ‘Physical Organic Chemistry,’’ McGraw 
Hill Book Co., Inc., New York, 1940, Chap. IX. 

Lewis, G. N., J. J. Am. Chem. S:°., 9, 
2976 (1938). 

11 Hyman, H. H., M. J. Kivpatrick, ann J. J. Katz, Pxper 26 
presented before the Division of Industrial and Engicering 
Chemistry at the 130th Meeting of the American Chemical 
Society, Atlantic City, September, 1956. 
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be:8 
H,SO, + H,O = H,O+ + HSO,- 
2H.SO, = H;SO,+ + HSO,- 
H:8,0; + H:SO, = H;S0,+ + HS,0,- 
H28;010 + H28.0; + 


According to Gillespie’ the acidity of these polyacids 
increases with increasing molecular weight, and he has 
been able to estimate the concentration “equilibrium 
constants’ (concentration quotients) for the above 
ionization steps. 


SOME CHEMICAL CONSEQUENCES OF THE NATURE 
OF SULFURIC ACID AND ITS AQUEOUS SOLUTIONS 


Most students of chemistry are aware that sulfuric 
acid is fairly typical of strong acids in dilute aqueous 
solution and, in spite of inadequate textbook state- 
ments concerning the second dissociation, know that 
both protons are readily displaced by bases. However, 
the most striking effects of the great acidity of concen- 
trated solutions and of the fuming sulfuric acids are 
often overlooked. 

It is in the study of acid catalyzed reactions that the 
high proton activities are readily observed. Of par- 
ticular interest is the use of concentrated (ca. 95% 
H,SO, and above) solutions as catalysts in the alkyla- 
tion of aromatic compounds (Friedel-Crafts type of 
reaction). 

The behavior of concentrated sulfuric acid as a 
nonaqueous, but protonic, solvent also provides some 


acid, which account for the superacid behavior, should 


good illustrations. The types of dissociation reactions 
shown in the preceding section lead to the result that 
water and other oxygen compounds are. strong bases 
in concentrated sulfuric acid and thus react with sul- 
furic acid to give an oxonium ion and bisulfate ion. 
In this medium only an acid like perchloric can be 
considered acidic. Other common acids, which are 
strong in water, are actually bases in very strong sul- 
furie acid. 

One should not be misled on the strength of concen- 
trated sulfuric acid by the knowledge that active metals, 
such as iron, are attacked only slowly or not at all. In 
the case of iron a film of oxidation products (sulfuric 
acid is a good oxidizing agent) forms on the surface of 
the metal and prevents further attack. Thus cast 
iron tanks are used for storage and shipment of concen- 
trated sulfuric acid, because a protective film on the 
iron stops the acid from coming into contact with the 
metal. 


SUMMARY 


In dilute sulfuric acid solutions, the acid is essen- 
tially completely ionized into H+ and HSO,~ ions, and, 
the bisulfate ion, in contrast to the impression given 
in many textbooks, also undergoes considerable dis- 
sociation. In strong solutions, unionized H,SO, be- 
comes significant and in very concentrated solutions 
(above 98% H.SO,), polyacids, such as H»S,0;, 
H28,0);, etc., appear. Sulfuric acid is a very strong 


acid, like perchloric acid, and fantastically large proton 
activities are reported for the very concentrated solu- 
tions. 


THE accompanying figure shows a setup which has 
been used successfully by students in the qualitative 
analysis laboratory for the cleaning of dropping bottles. 
Water added to large bottle A builds up a pressure 
which can force a stream of soapy water through a jet 
into the inverted dirty dropping bottle. The stopcock 
regulates the flow. A bottle can be washed in one 
minute more satisfactorily than by use of a semimicro 
brush which cannot reach the corners. A quantity of 
250 ml. of soap solution is sufficient for cleaning 30-40 
bottles. Other cleaning solutions, such as 6 N acetic 
acid for removing alkali residues, can be handled with 
equal ease. 
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A SIMPLE AND EFFICIENT DEVICE FOR 


SAMUEL YI-WEN 
Rutgers University, 
Newark, New Jersey 


IRONSTAND - 
DROPPING BOTTLE 


—_—_—_—_—» 


CLAMP — 


TO WATER OUTLET 


; = 
2-HOLE 
RUBBER STOPCOCK 
STOPPER 
ERLENME YER 
FLASK 
om — SOAP WATER 
| 
2g | “7 
| BLOCK BEAKER 


the 
ld 
ul- 
ere 
nan 
SO; 
een 
} 
in 
olu- 
am- 
1 in 
able 
pu 
ure- 
1B+ 
YHB* 
gate 
ord- 
)/(B) 
‘oton 
sure- 
DROPPING 
red” BOTTLES 
This 
idity 
same 
sul- 
eater 
| per- 
e not ‘ 
class. 
least 
very 
‘ 
‘furie 
Chem. 
4 
4 
my 
“Graw- 
.per 26 
LILA 
0 327 


MY FATHER 


In Jury 1914 I was driving my father to his country 
home, Haus Energie,'! from Miltitz where he had been 
visiting my brother-in-law, Eberhardt Brauer, who had 
been his assistant for many years and chief aysociate 
in the study of the catalytic oxidation of ammonia to 
nitric acid.2 As we passed through Leipsic the news- 
boys were calling out an extra. I bought a paper and 
read that the Kaiser had announced that war was 
imminent. I at once told my father that since I was 
liable to military service I would report at once. I 
had never seen him so angry. ‘We are now living in 
an enlightened world. War is utter nonsense and can 
never come.” He obviously was greatly mistaken. 
That same winter I was at the front in Russian Poland 
in the same six-passenger Hansa in which he and I 
were then riding. This error in his appraisal of the actual 
ethical level of civilized mankind had a tremendous 
impact on him. As an antidote, he spent the war 
period in the creation of his color theory. Today I can 
look back and truthfully say that it was well that 
he did not live to see the even greater second war and 
its awful consequences. 

As a matter of fact, Wilhelm Ostwald was frequently 
mistaken. This made my life far more pleasant 
because it can be a great handicap to be the son of an 
outstanding man. You are always expected not only to 
be intimately acquainted with his achievements 
but many also expect you to be his intellectual equal. 

My father was an idealist and frequently became 
involved with men who were decidedly the contrary. 
I was his secretary for many years and as such I had to 
extricate him from unpleasant situations. For ex- 
ample, I had to clear away the rubble of the “Briicke 
zur Organization der geistigen Arbeit’? in Munich on 
which he frittered away a considerable part of his 
Nobel prize money. Likewise I had to settle the 
affairs of the monistic monastery ‘‘Unesma.”’ These 
were two beautifully situated farms in Thuringia which 
he had bought with another portion of his award. 
This was not designed to be an anti-church center but 
it was rather to provide a place where men who believed 
in science and little else could work in peace. As 
usual, the unfit far outnumbered the fit, and constant 
irritation was my father’s chief recompense for his 
investment.’ During the inflation period, which 


1 J. Cuem. Epuc., 31, 398 (1954). 

2 Thid., 30, 604 (1953). 

3 For an account of these social-philosophical projects see 
‘Wilhelm Ostwald Lebenslinien,’’ Vol. II, Berlin, 1927; Watt, 
F., J. Cuem. Epuc., 25, 2 (1948). 


RECOLLECTIONS OF WILLIAM OSTWALD, 


WALTER OSTWALD 
Heppenheim an der Bergstrasse, Germany 
(Translated and annotated by Ralph E. Oesper, 


University of Cincinnati) 


followed the war, he disregarded my advice and sold 
these holding for 500,000 marks, largely to escape from 
the worry they involved. This sum, which seemed quite 
large at the time, soon turned out to be too little to 
buy even a simple household item. 

To me, my father was and remains a personality 
worthy of boundless honor. My respect for him was 
not lessened in any way because of these and other 
mistakes, of which I became aware later. However, 
they served to bring him much closer as a human 
being. Many eminent scientists and philosophers 
came to our home. Perhaps one of the most painful 
realizations of my youth was the recognition that out- 
standing mental abilities are not always associated 
with equally lofty ethical standards. I came to feel 
that men like my father and such friends as van’t 
Hoff, Arrhenius (my godfather), Guldberg and Waage,‘ 
the physicist Th. Des Coudres, Beckmann,’ Landolt,‘ 
Ernst Haeckel, Ernst Mach, E. Beckmann’ are striking 
exceptions. 

I was privileged to spend most of my youth at Leip- 
sic and had the full run of his department (Institut). 
The students and assistants came from all countries 
of the civilized world and it was a wonderful atmosphere 
in which to grow up. One of them (Th. Paul) made 
me very happy by giving me two discarded officer’s 
shoulder straps. I learned much at the knee, so to 
speak, of Alwin Mittasch,* who was then working on 
nickel carbonyl, and who remained a close friend until 
his death a few years ago. I was privileged to see in 
my father’s private laboratory two extraordinary 
researches by Georg Bredig,'® namely: the preparation 
of metal sols by the immersed are method and the 
pulsating solution of chromium in acids. While still 
quite young I learned to make fireworks and also to 
turn out passable photographs, which was then still a 
rather primitive and mysterious art. The plates had 
to be coated as needed and I went through the various 
stages of the evolution of the film beginning with the 
treatment of transparent paper with a suitable emulsion. 
We also had to prepare our own copying paper and we 
blithely used uranium salts as an intensifier for our 
negatives and as toner for the positives. 

The chief attraction to me of the Institut was the 
‘J. Cuem. Epuc., 30, 193 (1953). 

5 Ibid., 21, 470 (1944). 

6 Tbid., 22, 158 (1945). 

7 Turreing, H., J. Cuem. Epuc., 29, 298 (1952). 

8 Bancrort, W. D., Ibid., 10, 539, 609 (1933). 

9° Tbid., 25, 531 (1948). 
10 Tbid., 14, 284 (1937). 
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student workshop in which I was permitted to work. 
Next to it was the workshop of the Institut’s mechanic, 
Fritz Kohler, and at times I was allowed to watch him 
carry on his varied and delicate operations. I well 
remember the day I saw Professor Y. Osaka of Kyoto 
come into the student workshop to bore a hole in a 
piece of brass. He, however, could not find the 
three-jaw chuck for the foot-driven lathe. So he 
merely wrapped some rice paper around the shank of 
the drill and fitted it into the opening of the lathe. I 
was amazed to see that this simple artifice actually 
worked; the drill not only stayed in place but ran true 
so that the hole was bored satisfactorily. This pur- 
poseful bit of Oriental ingenuity made a lasting im- 
pression on me. 

We five Ostwald children knew and appreciated that 
our father was a great man. But we also were aware 
that he could be a touchingly affectionate father when 
the circumstances warranted. On Sundays, the six of 
us explored the surrounding region and he permitted 
himself to be “‘milked,” i.e., he would answer our host 
of questions. At mealtime, there was always an 
argument to determine who would sit next to him. We 
all were indebted to him for his patience and pedagogi- 
cal wisdom. Punishments were seldom needed. I 
was spanked only once by him and that was because I 
had unduly worried my mother by coming home from 
school very late. I had not been able to resist the 
attraction of a great military parade. 

Cats played a big role at our house. We children 
all liked these creatures and so did my father, but 
Mother was less enthusiastic. Mutzi, the old black 
and white house cat, had her own high bamboo stool at 
the table, her own dish and oilcloth place mat. She ate 
so daintily that she was a very model of propriety. 
Of course such a table companion did not meet with the 
approval of a good many of our guests. One eminent 
chemistry professor did not hesitate to make pointed 
disapproving remarks during the meal after he dis- 
covered Mutzi among us children at the other end of the 
long table. However, one of the other guests, Des 
Coudres, who was a bachelor, nodded his approval to 
us. When the customary coffee was served in the 
drawing room, by the maid in black with a white cap, 
we were delighted to see Des Coudres in an armchair, 
the cat in his lap, and as we gathered around he fed 
Mutzi cream from a gilt coffee spoon which he re- 
plenished from a gold-plated creamer. Opposite sat 
the glaring professor. 

One of our mother’s friends was not very popular 
with us because she never hesitated to correct us. We 
had taken in a stray kitten and had named it Laura 
because she had sung so beautifully outside our closed 
windows. When we showed the new acquisition to the 
lady and proudly told her how we had selected the name, 
she scornfully said, “You children are just too stupid. 
That is no Laura but a Laurus.” From then on we 
always referred to the lady by a disrespectful name and 
she lost all influence over us. 

I well remember the occasions when the students 
Were invited to our home for special occasions, and the 
Christmas parties in the laboratory were memorable." 
We children were permitted to take part as a matter of 
course. Once three students were in our home pre- 


Wilhelm Ostwald and ‘‘Mia’’ (Around 1930) 


paring for the Easter party: an American, a German, 
and a Russian Jew. They did their assignments well 
and were rewarded by permission to hide eggs for each 
other. The first two found their prizes with little 
trouble but the third, who was quite short, had no 
success. Finally he went into the kitchen and came 
out with the stepladder. He had reasoned correctly 
that his fellow students had hidden his eggs in high 
places and without the ladder he could never discover 
them. 

This little incident shows clearly the lack of any 
trace of antisemitism in our circle. We often did not 
know, and cared less, if a man was Jewish, half-Jewish, 
or not. In such matters we jokingly preferred to rely 
on our black spitz Fips, who was an outspoken anti- 
militarist and allegedly antisemitist. He went for the 
calves of every one in uniform, including the post- 
man, and every “Jew”. Accordingly, at our parties, 
when the dog was around, such endangered students were 
hilariously fitted with “anti-fips’” which were aluminum 
calf guards. No one, least of all the Jews, found any 
offense when at a student masquerade ball, the short 
Russian Jew was persuaded to appear as a baby on a 
pillow and with the inevitable result that during the 
course of the evening he was frequently christened 
(seldom with water). 

The high jinks at the Christmas parties were never 
allowed to get out of hand. My father always provided 
a special treat in the form of a short talk by Arrhenius, 
van’t Hoff, Ramsay, etc., or lacking a suitable notable 
guest, he made an appropriate talk himself.'* 


" Foutx, C. W., J. Cuem. Epuc., 11, 355 (1934). 
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12 OstwaLp, WILHELM, ibid., 30, 606 (1953). 
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This Chamber Music Group Was Made up of Ostwald and Classmates 
at Dorpat in 1878. He is the Central Figure. To Each of His Children 
He Sent a Copy of This Photograph at Christmas 1929 


A special feature of the Leipsic Institut in those days 
was the collogia at which the doctoral candidates 
reported on the state of their research projects. Heated 
discussions often arose. I remember an occasion at 
which the student complained that all of his findings 
were precisely contrary to what had been anticipated. 
My father rose at once and congratulated the young 
man. “If everything turned out according to ex- 
pectation the research would have been superfluous. 
It is only when such studies yield the unexpected do 
they really become interesting.”” As a matter of fact, 
this doctorate study later proved of special value. 

Sir William Ramsay was often a guest in our home. 
He made it a habit to sit in an easy chair and rest his 
head against the wall while listening to my father and 


Various methods are known for producing carbonate- 
free base to be used in titrations. For example, 
Na,CO; is relatively insoluble in saturated NaOH 
solutions so it can be filtered off readily. K2:COs, 
however, is more soluble in KOH and removal of 
CO;- by this method is not feasible. A method 
involving the use of anion-exchange resins has been 
proposed! for the preparation of carbonate-free KOH. 
However, the exchange constant between Cl~- and 
OH~ is not very favorable and several liters of KOH 
must be passed through the anion bed before all C1- 


1 Davigs, C. W., anp G. H. Nancottas, Nature, 165, 238 
(1950). 


PREPARATION OF CARBONATE-FREE BASES 


sister Grete (violins) and my brother Wolfgang'' 
perform trios. However, the distinguished Britisher 
used a profusion of pomade and left a grease spot on 
the wallpaper. My mother simply hung a gilt wreath 
over the stain. Ramsay was a gifted whistler and we 
were entranced when he rendered English folk songs 
playing his own accompaniment on the piano. 

I studied under Ramsay for some time in London. 
I thus had a chance to discover the bias which the 
“democratic” English can exhibit under circumstances. 
My sister Grete, who is now in charge of the Ostwaid 
Archiv at Haus Energie, found in my father’s files a 
letter from Ramsay in which he declared himself 
satisfied with my academic progress but at the same 
time he regretted my social actions. I had made a 
friend of his (Ramsay’s) laboratory mechanic and had 
even gone to the automobile show, etc., with him. 
“Such company is not suitable for the son of Wilhelm 
Ostwald.”’ My father never told me the contents of 
this letter. 

Once, at some occasion at the Deutsches Museum in 
Munich, I sat next to Max Bodenstein'* who had 
been an assistant at the Institut. In his customary 
frank manner, he told me that he had still had some 
dislike for me dating from the old days. To my 
surprised inquiry as to how I had incurred this long- 
standing ill will, he said: “As a boy you rode an 
infernal motorcycle for hours at a time on the path 
behind the room where I worked and the racket 
disturbed me seriously.”” However, he could not 
remember why he had not reprimanded me at the time 
or why he had not spoken about it to my father. 
Obviously, big men can sometimes be very small. 

I can recall many more incidents involving my 
father and his circle, but enough has been given to 
demonstrate what sort of a man he actually was and 
what a privilege and pleasure it was to live near him. 


13 J. Cue. Epuc., 22, 263 (1945). 
14 Thid., 6, 2086 (1929); 15, 251 (1938). 
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is gone from the eluate. We wish to propose a new 
method for producing carbonate-free as well as chloride- 
free KOH. The concentrated KOH is treated with a 
sufficient amount of Ba(OH), to precipitate all of the 
CO;--. The solution is then filtered, protected from 
the air by ascarite, diluted with freshly boiled water, 
and passed through a strong acid cation-exchange bed 
in the K+ cycle. Such resins are Dowex-50 or Amber- 
lite IR-120. Bat+ is preferentially adsorbed an: the 
effluent KOH is caught in a protected flask from which 
the air has been displaced by He. Analysis of KOH 
produced in this way showed no CO;~~ as well «s 00 
Ci-. The method is also applicable to the preparation 
of carbonate-free NaOH, NH,OH, etc. 
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Ix 1876 Mendeleev visited the United States. As was 
his custom, he later published a long account of his 
trip. Although this first-hand account contains much 
of interest, it has been neglected by many of his 
biographers. Two recent Russian biographies discuss 
the visit. That of Sletov and Sletova (1) gives only a 
brief and popular account. A much more detailed 
story is given by Pisarzhevskii (2) but it is told in such 
a way as to belittle the United States to the utmost and 
to exalt the doctrines of Communism. The only 
account in English, that of Posin (3), is an exercise in 
pure imagination and bears no relation whatever to 
Mendeleev’s actual visit. 

The trip was made chiefly to inspect the oil regions of 
western Pennsylvania. During most of his active 
career, Mendeleev was deeply interested in the pro- 
duction and distribution of petrolerm products. This 
interest sprang from several aspects of his many- 
sided personality. As a theoretical scientist he was 
concerned with the origin of such a complex substance 
as petroleum. As a technologist, he wished to improve 
the methods of refining and distributing kerosene. 
His deep patriotism led him all his life to seek to 
increase the economic wealth of Russia by developing 
her chemical industries. All these interests combined 
to inspire in him a strong desire to see the full develop- 
ment of the Russian oil industry which then centered 
at Baku on the Caspian Sea. 

Oil had been known to occur in many parts of the 
earth from earliest times, but full realization of its 
potentialities and active attempts to utilize them began 
only in the middle of the nineteenth century. The 
first commercially drilled oil well, the Drake well, 
was brought in in northwestern Pennsylvania on August 
27, 1859 (4). An oil rush, in many respects comparable 
to the California gold rush of 1849, promptly began. 
Wells were drilled over the whole landscape and 
transportation systems were developed. At first these 
were merely crude carts, then railroads, and eventually 
pipe lines. Wild fluctuations in the price of oil followed 
a8 new wells were brought in and new refining methods 
developed. By 1863 American oil products were 
being distributed over the whole world, including 
Russia (6). 

In this year the Russians began serious development 
of their own resources. Between 1863 and 1873, 
twenty-three refineries were built at Baku, but severe 
government restrictions prevented large scale expansion. 
Drilling was forbidden until 1866, and the first drilled 


‘Presented before the Division of the History of Chemistry 
at the 130th Meeting of the American Chemical Society, Atlantic 
City, September, 1956. 
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MENDELEEV’S VISIT TO AMERICA’ 
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well did not come in until 1871 (6). The refineries 
produced only a yellow kerosene, in contrast to the 
clear American product, and government restrictions 
continued until 1873 (7). After this date the history 
of the Russian industry reads much like that of the 
American. Periods of wild overproduction and price 
decline were followed by periods of scarcity. Trans- 
portation problems were much the same in both 
countries. Eventually monopolies took over, the 
Standard Oil Company in the United States and the 
Nobel interests from Sweden in Russia. Even as 
late as 1876, however, a heavy government tax on 
Russian oil and relatively greater production costs 
prevented serious competition, and American oil soid 
freely in Russia (8). 


CONSULTANT TO RUSSIAN OIL INDUSTRY 


Mendeleev was called in as a consultant to some of 
the Russian oil producers in the 1860’s. He was 
already well established in Russian scientific circles, 
and his suggestions for improved methods of refining 
were soon found valuable. He made inspection trips 
to the Caucasus and quickly became a recognized 
authority on the oil industry. 

In 1876 the Russian government became concerned 
with the poor showing of its petroleum industry. A 
thorough investigation was demanded, and Mendeleev, 
as the outstanding technical expert, was naturally 
called upon. He was chosen by the Minister of 
Finance and the Russian Technical Society to visit 
America, inspect the oil regions there, and report on the 
state of the American oil industry and the cause of the 
recent fall in price of American kerosene which had 
seriously injured the Russian competitors. 

Mendeleev, an enthusiastic traveler, was the more 
willing to go because 1876 was'the year of the Centen- 
nial Exposition in Philadelphia. His interest in 
international expositions had been aroused by the 
Paris exposition of 1867, on which he had written a 
lengthy report for his government. Whenever Men- 
deleev engaged in any important activity it was his 
custom to record the results in a detailed book. His 
visit to America therefore resulted in a long published 
record (9). It is a curious mixture of economic 
analysis, scientific report, and travel diary. From this 
book it is possible to obtain a very personal view of 
Mendeleev both as a man and as a scientist. All the 
quotations which follow are taken from this book. 

In many respects 1876 was not the best time to 
visit America. Although it was the Centennial year 
and many distinguished foreigners were visiting the 
Exposition, economic and political conditions were not 
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favorable. In 1873 the failure of Jay Cooke had 
caused a panic which was followed by five years of 
severe depression. In fact, the low oil prices which 
Mendeleev was to investigate resulted partly from this 
depression (10). This was also the closing year of 
the Grant administration, during which political 
morality reached almost its lowest ebb. The stormy 
period of Reconstruction had intensified the bitter 
feeling between North and South. Business ethics 
were as low as political. The great trusts were begin- 
ning to form, the railroads were fighting each other 
viciously, and every form of hidden rebate or outright 
bribery was used to gain an advantage over competi- 
tors. Nevertheless, America was still the land of 
hope to millions of Europeans, and it was with a 
sense of expectation that Mendeleev approached its 
shores. 

Since he did not speak English well, Mendeleev was 
accompanied by his young student, Valerii Alek- 
sandrovich Hemilian, later professor of chemistry at 
Warsaw and Kharkov (//), who acted as his interpre- 
ter. They sailed from France on the 8. 8. Labrador 
on June 10 and reached New York eleven days later 
after a very foggy voyage. Mendeleev recorded in 
detail the weather, the ship speed, the deck sports, and 
the conversations with fellow passengers during the 
trip. He was particularly interested in a “California 
doctor’ who believed that all ills in the world came 
from tobacco, which the Indians had given the whites 
in revenge for the loss of their territories. This 
doctor was Hippolyte-Adéon Depierris who had just 
published a violent book on the subject (12), in which 
he confused nicotine with curare. Mendeleev, an 
almost constant smoker, took great delight in pointing 
out this error and in suggesting that if the wooden 
Indian outside the cigar store was a reminder of the 
Indian’s revenge, there should be a sign on the bar 
next door showing the white man giving the Indian 
a glass of whiskey. 

With the arrival in New York, disillusion began. 
The city was not what he had expected. 


I was surprised by the plainness of the streets of the famous 
city. They were narrow, paved with cobbles, and especially 
bad, worse than the streets of St. Petersburg or Moscow. The 
stores and shops reminded me not of St. Petersburg, but of a 
provincial town of Russia. 


Though he was amazed at the “world famous elevated 
railroad,” he found Broadway a most unimpressive 
street. He was told that much of the dinginess was 
due to the depression, which his American informants 
ascribed to the high taxes, the recent war, and the 
great investments in railroads which ran through 
unprofitable territories and which lost money as a 
result of vicious competition. 

On June 23 Mendeleev and Hemilian went to 
Washington, traveling in a Pullman car of which “it 
is enough to say that men and women sleep in the same 
car.” In Washington he was favorably impressed by 
the care with which statistics of the oil industry were 
kept and unfavorably impressed by the “politicians” of 
whom he heard many stories of graft and bribery. 
He felt that this special class of men who ran the 
government were not good for the country. The 
recent Civil War and the intense bitterness of party 
rivalry led him to believe that since “‘a change in the 
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internal order had already cost the United States « 
bloody war,” then, although a successful change “is 
possible without blows, yet it is not possible in Americ: 
where further serious change from the present order t» 
a better one is scarcely thinkable without a bloody 


collision.” 


PHILADELPHIA CENTENNIAL EXPOSITION 


Mendeleev next went to Philadelphia to see the 
Centennial Exposition. Again he was disappointe:, 
for he found it inferior to the great European exposi- 
tions he had visited. Yet it was in Philadelphia that 
he had his best opportunity to make contact with tle 
most active American science. He himself was a 
well-known chemist, though the Periodic Law had 
not yet been fully established and his years of greatest 
fame were still to come. Philadelphia in that summer 
was host to many notables in all fields, including the 
sciences. The daily papers listed the famous visitors 
to the Exposition, the chemical and scientific societies 
entertained many foreign scientists, yet nowhere is 
there mention of Mendeleev, either in the Philadelphia 
newspapers or in the news notes of the American 
scientific journals. It seems that he avoided contact 
with most of his fellow chemists. 

He did meet two leading chemists of the day for he 
mentions Eben Norton Horsford and “the Boston 
professor, chemist, and geologist, Sterry Hunt, my 
honored friend and colleague in science.”” Hunt had 
written several books on the geology and mineralogy 
of the oil regions and he gave copies to Mendeleev. 
These the latter used in the section of his book dealing 
with the geology of the Pennsylvania oil regions. He 
does not appear to have made contact with organized 
science through these chemists, however. 

Mendeleev also exhibited an apparatus of his own at 
the Exposition. It was officially described as follows: 


241. Pror. Dmrrrt MENpELEIEF, St. Petersburg, Russia. 
Report. Differential Barometer. The instrument exhibited is 
one of great ingenuity and usefulness, giving, by difference of 
atmospheric pressure, the difference of elevation with great pre- 
cision, to a difference of about three hundred and twenty feet, 
when the equilibrium is reestablished in the simplest manner, and 
a new departure is taken. An important addition to orographical 


surveying (13). 


This barometer was later used by Mendeleev in a 
number of careful meteorological studies. 


INSPECTION OF AMERICAN OIL INDUSTRY 


It might have been expected that Mendeleev would 
have become aware in Philadelphia that there was an 
American science, even though not as far advanced as 
in Europe. Instead he expressed only disappoint- 
ment at finding no scientific studies of petroleum, 
either chemical or geological, and, further, no interest 
in such studies. Apparently his only contacts were 
with the practical engineers and refinery superil- 
tendents, and so he saw only the side of the industry 
which sought immediate practical results. He tiere- 
fore concluded, 

In America they take pains to extract oil in the greates' pos 
sible amount, not caring about the past or the future, or how to 
handle matters best and most rationally. 


A clear illustration of his relatively limited co:tact 
with American industry and science is given by the 
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scientific exhibit which Mendeleev most admired at 
the Exposition. The Aladdin Refining Company 
exhibited a yellow, powdery solid which it called 
“netrozcene.” This had been obtained from high 
boiling residues of petroleum distillation by their 
works manager and chemist, Dr. Tweddle, for whom 
Mendeleev expressed great admiration. Tweddle sub- 
sequently published a description of petrozcene (14) 
from which it is clear that it was merely a complex 
residue and not a pure chemical substance. This 
fact was confirmed by Hemilian who took some home 
with him and after a study of its reactions concluded 
that it could not be considered a homogeneous sub- 
stance (15). Yet at the same Exposition, Henry 
Morton, the president of Stevens Institute of Technol- 
ogy, exhibited specimens of several pure hydrocarbons 
which he had obtained from petroleum some years 
before (16). Apparently Mendeleev did not see this 
exhibit. 

While in Philadelphia, Mendeleev made a careful 
inspection of the large Atlantic Refinery. Whatever 
his opinion of American scientists, he admired American 
mechanics. 

I got the general impression at the exposition and in the re- 
fineries that Americans have a special attachment for mechanical 


processes, using them everywhere, sometimes even where there 
would be an advantage without them. 


On the Fourth of July Mendeleev traveled to 
Pittsburgh, noting on the way the number of deserted 
farms whose owners had moved to more fertile lands 
in the west. The explosions of firecrackers far into 
the night in Pittsburgh gave him another view of 
American customs, also unfavorable. 

Now began the most serious part of his visit. He 
spent several weeks in careful inspection of the oil 
regions, the wells, and the pipe lines. He noted the 
difference between American and Russian petroleum, 
the economic and technical aspects of the American 
industry, and he took special note of all practices 
which he believed could be applied at Baku. His 
contacts again were almost entirely with managers and 
engineers, and again he deplored the lack of scientific 
study in the petroleum industry. 

Finally, after a three-day visit to Niagara Falls, 
which impressed him deeply, he returned to New 
York by the Erie Canal. He was evidently tired from 
his travels and from the extreme heat of the summer, 
as well as the fact that “the strong heat forced me 
to drink cold American beverages to which I was not 
accustomed and this acted unfavorably on the state of 
my health.” He therefore returned to Europe earlier 
than he had expected. On the voyage he summed up 
his impressions of America. 


IMPRESSIONS OF AMERICA 


He felt that the people themselves “are delightful, 
sympathetic, energetic, models of individualism,” but 
he could not understand 


-.. why do they constantly quarrel, why do they hate Negroes, 
Indians, even Germans, why do they not have science and poetry 
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commensurate with themselves, why are there so many frauds 
and so much nonsense? I cannot soon give a solution to these 
questions .. . . It was clear that in the United States there was 
a development not of the best, but of the middle and worst sides 
of European civilization; the notorious general voting, the 
tendency to politics .. . all the same as in Europe. A new dawn 
is not to be seen on this side of the ocean. 


It seems apparent that Mendeleev, like many other 
European intellectuals, came to America expecting to 
find a fresh new world with most of the old injustices 
and tyrannies wiped out. When he did not find this in 
a brief and crowded visit, when so much that was venal 
and petty was obvious to him, he allowed his dis- 
appointment to blind him to many of the more con- 
structive features which were also apparent, and so 
returned home to write his generally unfavorable report. 

There were practical results of his visit. He recom- 
mended that the Russian tax on petroleum products be 
abolished, When this was done, the Russian industry 
immediately expanded. He proposed compiling accu- 
rate statistics and obtaining more byproducts in the 
refining process (17). It was also in his book that 
Mendeleev first presented in detail his theory of the 
formation of petroleum by the action of water on 
metallic carbides under high pressure deep in the 
earth. This theory was influential for many years 
and stimulated much productive research. Finally, 
Mendeleev himself expanded his scientific and technical 
interest in petroleum and had much influence on the 
later development of the oil industry in the Caucasus. 
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Ix 1893, Werner suggested that hexacovalent com- 
plexes are octahedral and that the violet and green 
forms of dichlorotetrammine cobalt(III) chloride are 
stereoisomers. Ever since that time, chemists have 
had a continuing interest in the stereoisomerism of 
hexacovalent complexes containing varying numbers of 
different ligands, and in methods of counting these 
isomers. Several authors have published articles on 
this subject. Main-Smith (1) has prepared extensive 
tables of the isomeric forms possible for monodentate 
and bidentate groups, and Trimble (2) has published 
tables for many non-branching polydentate ligands as 
well as for monodentate ligands. Tables prepared by 
Fernelius and Bryant (3) show the numbers of isomers 
theoretically possible for complexes containing ligands 
which have three or more coordinating groups, but do 
not show their structures. None of these authors gives 
details of the methods which he used in counting the 
isomers or determining their structures. In general, 
however, they have drawn figures or built models, 
progressing from simpler forms to the more complex, 
and eliminating duplicates. 

The purpcse of this article is to outline a simple 
method of counting the stereoisomers which can be 
theoretically formed by monodentate or polydentate 
ligands and of showing their structures. No account is 
taken here of isomerism which may arise because of 
isomerism in the ligand itself; this may usually be 
calculated easily after the number of possible arrange- 
ments in the octahedron has been found. Any optical 
isomerism shown by the octahedral complex enters as a 
secondary consideration, as will be described later. 


ISOMERS CONTAINING SIX DIFFERENT GROUPS 


The method starts with a complex containing six dif- 
ferent monodentate groups. These will be designated 
by the small letters “b’’, “c’”, “d’”’, “e”, and “f”. 
It will be supposed that one axis of the octahedron is 
vertical, and that group “a” is at the top. Of the re- 
maining five groups, one occupies a unique position 
trans to “‘a’’, whereas the other four are all alike in that 
they occupy positions which are cis to “a’’. Suppose 
that group “b” is trans to “a”. This is indicated by 
placing the two letters side by side: 


THE NUMBERS AND STRUCTURES OF ISOMERS 
OF HEXACOVALENT COMPLEXES 


JOHN C. BAILAR, JR. 
University of Illinois, Urbana, Illinois 


The groups “c’’, ‘“d’’, “e”, and “f”, which occupy the 
equatorial plane of the octahedron, can be arranged in 
three different ways, with “c’’ trans to either “‘d’’, “ec”, 
or “f’’. If “ce” is trans to “d’”’, the symbol cd is written 
directly below the symbol ab. Groups “e” and “f” 
can then be only trans to each other; this is indicated 
by the symbol ef. The entire configuration which has 
been described is denoted by the symbol 
ab 


ed 
ef 


Chernyaev (4) has used a somewhat similar system to 
denote configurations of octahedral complexes contain- 
ing monodentate ligands. His system differs widely 
from the one described here in describing complexes 
containing chelate rings, and is not adapted for use in 
counting the numbers of isomers. 

The fact that the complex 

ab 


ed 
ef 


is asymmetric and optically active is not indicated, but 
can easily be seen by drawing the octahedron, or, witha 
little practice, from the symbol itself. It would be 
possible, of course, to write the symbol according to a 
predetermined convention, and so to designate the 
relative configurations of the isomeric complexes. For 
example, one might say that the deztro configuration is 
indicated when the letters are placed in alphabetical 
order from top to bottom and, secondarily, from left to 
right. The symbol written above would then repre- 
sent the configuration 


which would be called dextro. The mirror image. /ev9, 
form would be indicated by interchanging the sy: :bols 
of any two ligands which are trans to each other, »r by 
interchanging any two trans pairs. Thus, it cou'd be 
represented by 

ba ab  ab- ab 


ed de ed ef ete. 
ef, ef, fe, ed, 


Simplifications of this might be introduced hy ado) ting 
other conventions, but the system has been found ‘0 be 
too complex to. be useful. The configurations of opti- 
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ways. 
The possible isomers in which ‘‘b” is trans to “a” 
are shown by the symbols 


ab ab ab 
ed ce ef 
ef df de 


Similarly, there are three sets of symbols for each of the 
configurations in which “ec”, “d’’, “e”’, and “f’” are 
trans to “a”. All of the possible complexes [Mabcdef] 
are shown by the fifteen symbols given in Table 1. 
In that table, the horizontal rows are numbered and the 
vertical rows are lettered only for convenience in the 
discussion which follows. Since each of these complexes 


TABLE 1 


L M N 
ab ab ab 

1 ed ce ef 
ef df de 

ac ac ac 

2 bd be bf 
ef df de 
ad ad ad 

3 be be bf 
ef ef ce 

ae ae ae 

4 be bd bf 
df ef ed 

af af af 

5 be bd be 
de ce ed 


is optically active, there are thirty possible isomers. 
The presence of two or more identical groups in the 
complex or the introduction of a chelate ring represents 
a limitation of the pattern and reduces the number of 
possible isomers. Jn no case is it possible to have more 
than thirty different configurations. 


ISOMERS CONTAINING IDENTICAL GROUPS 


Suppose we wish to find the number of possible 
stereoisomers of 


[Pt (NH3)2 (NOz). py Cl] Cl 
ab a 


one of which has been prepared by Rubinshtein (4). 
Since “a” and “b” are the same and “ec” and “d” are 
the same, we may rewrite Table 1, substituting “a’’ 


for “b” and “e” for “d”. This gives Table 2. 
ae TABLE 2 
L M N 
aa aa aa 
1 ee ce E 
ef ef ce 
ac ac ac 


fy ae ae 
4 ac ac af 
- Lef J ef | ee 
af ] af af 

ac ac a | 
ce ce cc 


Inspection shows that symbols 1M and 1N represent 
4 single configuration, as do 2L and 3L, 2M, 3M, 4L 
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cally active complexes are more easily expressed in other 


NH; NH3 NH 


Y NO N 
P 2 PY pY 
NH3 NH3 
IL IM 2L 
NH3 NH3 NH, 
N Y N cl 
O2 O2 NO2' cl 
NO2 py 
2M 2N 4N 


Figure 1 


and 4M, 2N, 3N, 5L and 5M, and 4N and 5N. When 
the duplicates are crossed out, six symbols remain. 
These are shown in expanded form in Figure 1. 

Of the isomers shown in Figure 1, 1L, 1M, 2L, and 4N 
are optically inactive, for each has a plane of sym- 
metry. This is shown in /L, 1M, and 4N by the fact 
that like groups are trans to each other. It is easily 
seen in 2L if the octahedron is turned so that the 
chlorine atom and the pyridine molecule are on the 
vertical axis: 


ci 


NH 


NO2 
PY 


Isomers 2M and 2N are asymmetric, so there may be 
four optically active forms. 

Three isomers of the ion [Pt (NH3)2 pyz Cly]*+* have 
been isolated by Chernyaev and Rubinshtein (6). 
This does not exhaust the possibilities, however, as 
can be seen if we set NH; = a = b, py = ec = d, and 
Cl = e = f. Substitution of “a” for “b’, “e’’ for 
“d”, and “e” for “f” in Table 1 leads to Table 3. 


TABLE 3 

L M N 
aa aa aa) 

1 ce ce ce 
ee ce ce 

ac ac ac 

2 ac ae ae 
ee ce ce | 

3 ac ae [ee 
ee ce ce | 

ae 

4 ac ac ae 

| ce | ce | ce 

Tae ae] ae 

ac ac ae 

ce ce | ce 


Of the possibilities shown in Table 3, 1N, 2N, 3L, 3M, 
3N, 4L, 4M, 5L, 5M, and 5N may be eliminated, since 
they are duplicates of others. Of the five remaining con- 
figurations (Figure 2). only 2M is optically active, for 
each of the others has at least one pair of identical groups 
trans to each other, and so has a plane of symmetry. 
By substitution in Table 1 and inspection of the re- 
sulting symbols, it can be shown that the ion [Pt(NH;)- 


din 

66,99 
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itten 
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IL IM aL 
NH; cl PY 
py | PY ci 
py 
2M 4N 
Figure 2 


(C2HsN Hz) py(NOz)Cle]+ can exist in three optically in- 
active, and twelve optically active, forms. Chernyaev 
(7) prepared the inactive isomers by the addition of 
chlorine to the three isomers of the planar ion [Pt(NHs)- 
(CsHsNH2)py(NO;)]*+. This oxidizes the platinum 
from the +2 state to the +4 state, and, simultaneously 
changes the coordination number from four to six. The 
chlorine atoms occupy the two new positions: 


ISOMERS CONTAINING CHELATING LIGANDS 


The introduction of a chelating ligand limits the 
number of possible isomers because the chelate group 
can span only cis positions. The case of [M(AB)cdef]! 
is represented by the pattern of Table 1, except that /Z, 
1M, and 1N must be eliminated, for AB cannot occupy 
trans positions. Twenty-four isomers are theoretically 
possible, all of them being optically active. 

These can be shown in octahedral form by putting 
the letters A, B, c, d, e, and f on the appropriate corners 
of the octahedron and then connecting the capital 
letters. For the compound 


(AA) edef] 
ab cdef 


still further limitation is imposed, as is shown in Table 
4 (A = a = b). 1M, and 1N are eliminated because 
the group (AA) cannot span trans positions, and 3L, 
4L, 4M, 5L, 5M and 5N, because they are duplicates of 
2L, 2M, 3M, 2N, 3N, and 4N, respectively. The re- 
maining six configurations are all asymmetric, so there 
are twelve possible isomers. 
The case of 


[Co en Cle]*+ 
ab ed ef 


first studied by Chaussy (8), and later by Bailar and 
Peppard (9), represents a still further limitation, since 
the groups “c’” and “d” are identical, as are ‘“e” and 
“f”. Substituting “c” for “d”’ and “e” for “f”’ in Table 


1In accordance with custom, chelate groups will be shown by 
capital letters, each such group being enclosed in parentheses. 
(AB) represents an unsymmetrical chelating ligand, such as 
NH.CH,COO-, and (AA) or (BB), a symmetrical one, such 
as NH.CH.CH.N He. 


ef df de 
Ac Ac Ac 

2 Ad Ae Af 
ef df de 
Ad Ad Ad . 

3 E Ae Af 
ef ef ce 
Ae Ae Ae 

4 Ac Ad Af 
df ef ed - 


4 gives Table 5. Structures 2N, 3M and 3N are the 
same as 2M, so can be crossed out. Of the remaining 
three structures, 2M is asymmetric. Bailar and 
Peppard (9) prepared all three forms of the ion, and 
resolved the one corresponding to formula 2M. 

. The presence of two or more similar chelate rings (AB) 
introduces a new factor. Although A cannot be trans to 
the B in its own chelate ring, it can be trans to the B in 
another chelate ring. It is therefore necessary to 
distinguish between the chelate groups. Consider the 
case [M(AB)-ef], which, for convenience, will be written 


[M(AB)(A’B’ Jef]. 
ab ed ef 


Substitution in Table 1 gives Table 6. 


TABLE 6 


AB AB AB 
1 [a | A’‘e A’f 
ef B’f B’e 
AA’ AA’ AA 
2 BB’ Be Bf 
ef B‘f B’e 
AB’ AB’ AB 
8 BA’ Be Bf 
ef A’f A’e 
Ae Ae Ae 


a 


Af 
A’B 


“Af Af 
B’e A’e 
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TABLE 5 

L M N 

Ac Ac Ac 

vee 2 Ae Ae Ae 

Cl ce ce ce 
ea ae a d a d Ac Ac 
b c b c ce ce B are 
4 Ae 7. Sir 
2 
3 
4 
a L M N 
] 

B'f A’f A’'B’ 

/ 


because a chelating group cannot span frans positions. 
Now, however, it must be remembered that A and A’ 
are identical, as are B and B’, and were distinguished 
only for the purpose of the isomer count. Configura- 
tion 2N is therefore identical with 2M, 5L with 3M, 
4L with 3N, and 5M with 4M, so one member of each 
of these pairs can be eliminated. Of the six configura- 
tious that remain, all but 3Z are asymmetric, so eleven 
different stereoisomers are theoretically possible. 

The symmetry of structure 3L may not be imme- 
diately apparent if it is written as 


If the chelate ring is symmetrical; that is, if A and 
B are identical, and A’ and B’ are identical, the con- 
figurations in Table 6 simplify to those shown in Table 


7. Since A and A’ were distinguished only for the 
isomer count and are actually alike, the configurations 


TABLE 7 


of Table 7 simplify to only two, which are represented 
by 2L and 2M. The latter is optically active. Many 
examples of this type of compound have been pre- 
pared; the best known perhaps, is [Co eng (NH;)Cl]**, 
the cis isomer of which was the first complex ion to be 
resolved into optically active forms (10). 

The system can, of course, be extended to complexes 
containing fused chelate rings if the same limitations are 
kept in mind. Thus, it can easily be shown that the 
bis-diethylenetriamine cobalt(III) ion, [Co dien.]*, 
can exist in four forms, of which two are mirror images 
ofeach other. The formula for a complex of this type 
may be written 


[M (ABA) (A’B’A’)] 
abe def 


It is not necessary to distinguish between the two A 
groups in a single chelating molecule, for they are alike 
and occupy exactly similar positions. 

_ Even before substituting in Figure 1, we can elim- 
inate the configurations in which ‘‘b” is trans to “a”’ or 
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Yonfigurations 1L, 1M, 1N,4N and 5N are eliminated 


*“e”’ and in which “e”’ is trans to ‘“‘d”’ or “f’’. 


This leaves 
only 2M, 3M, 3N, 4M, 4N, 5M, and 5N, which are 
shown in Table 8. When duplicates are eliminated, 


TABLE 8 
M N 
AA 
2 BB’ 
A’A’ 
AA’ AA’ 
3 BB’ BA’ . 
AA’ AB’ . 
‘AB’ AB’ 
4 BA’ BA’ 
AA’ AA’ 


AA’ AA’ 
| 
AB’ AA’ 


only three configurations remain (Figure 3). 


Inspec- 


tion shows that isomer 3N is asymmetric. The sym- 
a A 
8 8 8 
A’ 8’ 8’ A a’ 
A a’ a’ 
2M 3M 3N 


Figure 3 


metry of isomer 3M is easily seen if the structure is 
written in the equivalent form 


The fact that isomer 2M is symmetrical can be seen 
best if the projection of the octahedron is redrawn so 
that one of the horizontal axes points toward the reader: 


If the ligand molecule is unsymmetrical, as in the 
chromium (III) derivatives of the pyridyl azo dyes pre- 
pared by Liu (11), six optically active pairs are theore- 


tically 
+ 
2 
possible. However, because of the presence of the 
double bond in the azo group, the 2M forms 
AC 
BB’ 
A’C’ 


are doubtless more stable than any of the others, and 
may be the only ones that can exist. 

In the ion (A) prepared by Dwyer, Gill, Gyarfas, and 
Lions (12), the two ends of the coordinating agent are 
different, so this complex illustrates the structure [M 
(ABCDEF)]. Elimination of the symbols in Figure 1 


337 


A 
AB B 
ef : 5 | 
e A 
_ but is easily seen if it be written in the equivalent form a §= 
e 
ef A a’ 
AB’ = 
BA’ 
£ 
BB’ 
AA’ 
the 
and L M N 
and AA’ AA’ 
2 AA’ Ae 
AB) ef 
ns to [aA | [as | AA’ 
Bin ef _ A’e |. 
y to 
he © 
> 4 AA’ 
itten 
|_| 


Co 


(A) 


in which “a” is trans to “b’’, “b” is trans to “‘c”’ and so 
on, leaves only structures 2M, 3M, 3N, 4M and 5M. 
None of these are duplicates and al] of them are optically 
active. They are shown in Figure 4. 


2M 


4M 5M 
Figure 4 


The ions (B) prepared by Dwyer and Lions (13) and 
(C) reported by Das Sarma and Bailar (14), are similar 


CH=NCH, CH, SCH,CH,SCH,CH,N=C 


Co 


(B) 
gris 
(C)? 


to the one just discussed, but because the ligands in 
them are symmetrical, they belong to the type 
[M (ABCC’B’A’) ], and forms 3N and 4M become identi- 
cal. This may not be immediately apparent, but becomes 
so from a study of the symbols. Since the ligand is 
symmetrical, B—=E, and C=D. If we inter- 
change A and F, B and E, and C and D, the symbol for 
8N, which is 


AD FC 
BF becomes EA 
CE DB 


which is the symbol for4M. Four pairs of mirror image 


2? Note AppED IN Proor: The formula of the ligand should 
show an additional H attached to each middle N, thus, 


.. . 


isomers are therefore possible. As Dwyer and Lions 
have pointed out (13), the presence of the double bonds 
in positions B and B’ makes isomer 2M much less 
strained than any of the others. 

The same principles can be applied to branched-che in 
ligands, if care is taken to eliminate duplicating and 


impossible structures. In complexes of the sexident: ite 
ligand 
NCH:.CH.N 
-OOCCH:” \CH:COO 


(enta), for example, the nitrogen atoms cannot be 
coordinated in positions trans to each other, nor can 
either of them be trans to a carboxyl group to which 
it is directly attached. This means that in terms of the 
pattern [M a(b) cd(e) f], “‘c’”’ cannot be trans to “a”, 
“b’’, or “d” and “d” cannot be trans to “‘c’’, “e”’ or “f”. 
When the configurations involving any of the combina- 
tions ac, be, ed, de, or df are eliminated from Table |, 
only structures 3M, 3N, 4M and 5M remain. 

If these are transliterated to apply to the structure 
[M A(A)BB’ (A’)A’], they all lead to the same symbol, 
AA’ 

AB’ 

BA’ 
The ion [Co enta]~ can exist, therefore, in only one pair 
of mirror-image isomers (/5): 
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A recent issue of THIS JOURNAL contains two brief 
articles under the above title. Nenitzescu! concludes, 
after consideration of the work of Freudenberg ** 
and of Wohl‘ on the correlation of the configuration of 
the dextrorotatory isomer of tartaric acid (I) found in 
grapes with p-glyceraldehyde (II), that this substance 
should be named p(+)-tartartic acid. Abernethy*® 
points out that the absolute configuration of (+)- 
tartaric acid has been determined by Bijvoet and 
collaborators*’ to be that of the p family. Neverthe- 
less, since L-threose (III) when oxidized yields the 
corresponding t-threaric acid (IV), that is to say 
(+)-tartaric acid, he maintains that this substance 
should be called L(-+-)-tartaric acid. He dismisses as 
“superficial” the argument based on the work of 
Fischer’ that reduction of (+)-tartaric acid yields 
p-malic acid (V), although this observation clearly 


COOH CHO CHO 
H H HO-¢_H 
boon H.OH 
(+)-Tartaric acid v-Glyceraldehyde u-Threose 
(I) (II) (IIT) 
COOH 
H—C—OH 
boou OOH 
L-Threaric acid p-Malic acid 
(IV) (V) 


indicates that the asymmetric centers in (+)-tartaric 
acid both belong to the p family, and he regards as 
“unsatisfactory” the argument that the use of the p 
prefix for (+-)-tartaric acid brings the nomenclature of 
this substance into conformity with the rules of nomen- 
clature of the amino acids. We thus have before us a 
clearcut difference of opinion, and there is at the present 
time no authoritative rule or statement of preferred 
custom by which such a difference may be resolved. 


‘ Nenrrzescu, C. D., J. Cem. Epuc., 34, 147 (1957). 
* FrEUDENBERG, K., Ber., 47, 2027 (1914). 
* FreupENBERG, H., anp F. Brauns, Ber., 55, 1339 (1922). 
‘Wout, A., AND Fr. Momser, Ber., 50, 455 (1917). 
* APERNETHY, J. L., J. Cue. Epuc., 34, 150 (1957). 
*Birvort, J. M., A. F. Peerpeman, A. J. van BomMEL, 
Nature, 168, 271 (1951). 
’PeerpemaN, A. F., A. J. vaN BoMMEL, AND J. M. Buvoet, 
Proc. Acad. Sci. Amsterdam, BS4, 16 (1951). 
* Fiscuer, E., Ber., 29, 1377 (1896). 
* Chem. Eng News, 30, 4522 (1952). 
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ASSIGNMENT OF D AND L PREFIXES TO THE 
TARTARIC ACIDS 


HUBERT BRADFORD VICKERY 
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New Haven, Connecticut 


This difficult problem is presently under consider- 
ation by the Committee on Nomenclature, Spelling 
and Pronunciation of the American Chemical Society. 
It should be pointed out that the ultimate decision of 
this committee will affect the nomenclature of all 
symmetrical substances which have identical asym- 
metric structures at both ends of a chain: for example, 
threitol and higher symmetrical alcohols derived from 
the sugars, tartaric acid and its higher homologues, 
cystine and its higher homologues and such substances 
as a,e-diaminopimelic acid among the amino acids, 
and so forth. The problem is thus an extremely 
mportant one and is far more complex than would 
appear since its solution involves an agreement among 
authorities in many fields of organic and biological 
chemistry who often have widely divergent views. 

Pending the action of committees on nomenclature, 
it may help to set forth a few recently ascertained facts 
with respect to the tartaric acids. As a premise, it is 
necessary to draw attention to the exact meaning of the 
capital letter prefixes as used in carbohydrate and 
amino acid nomenclature. Rule 4 of the official 
rules of carbohydrate nomenclature of the American 
Chemical Society” states in part, 


Configurational relationships will be denoted by the capital 
letter prefixes p and L...placed immediately before the sugar 
stem name and be employed only with compounds which have 
been definitely related to the reference standard glyceralde- 
hyde.... If optical rotational sign under specified conditions is 
to be indicated, this may be done by adding (deztro) or (levo), 
which are italicized in print, or by adding (+) or(—). Racemic 
modifications may be indicated by the prefixes pi. or (+) or 
inactive, the last being italicized in print. 

Rule 2 of the official rules for the nomenclature of 
amino acids,’ which have now also been adopted by the 


International Union of Pure and Applied Chemistry, 
states in part, 


Distinction between the enantiomorphs of the amino acids is 
made by a prefixed small capital letter p or L to denote the con- 
figurational family to which the a-carbon atom belongs. 


Rule 3 (a) states, 


The small capital letter prefixes p and L denote that the 
substance named is configurationally related to the corresponding 
enantiomorph of glyceraldehyde. Where confusion is possible 
between the use of the capital letter prefix for the configuration 
of the a-carbon atom in amino acid nomenclature and for that of 
the highest numbered asymmetric carbon atom in carbohydrate 
nomenclature, a subscript is added to the small capital letter 
prefix. Where the prefix is used in the amino acid sense, the 
subscript s is added; where the prefix is used in the carbohydrate 
sense, the subscript g is added. These subscripts (lower case 
roman letters) refer, respectively, to serine, the fundamental 


” Chem. Eng. News, 31, 1776 (1953). 
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substance to which amino acids that bear structural resemblance 
to the carbohydrates can be formally related, and to glycer- 
aldehyde, the fundamental substance to which the configura- 
tion of the carbohydrates is formally related. 


These complex rules may be summed up by the 
statement that the capital letter prefixes may properly 
be used in naming sugars and amino acids or related 
substances only when the configurational relationship 
to one of the enantiomorphs of glyceraldehyde has been 
established. An even more forthright statement is, 
if you know what you are talking about you may use 
the capital letter prefixes, otherwise not. Careless 
or ignorant use of them merely adds further confusion 
to an already sufficiently confused subject. 

This last consideration has become especially im- 
portant during the past few years as information 
accumulates on the configurational relationships to 
D- or L-glyceraldehyde of an increasing number of 
substances which are neither carbohydrates nor 
a-amino acids. Accordingly, the use of the capital 
letter prefixes has in practice been extended. The 
relationships of several a-hydrexy acids, such as 
lactic acid and malic acid, have long been known, and 
the question of the proper use of the prefixes naturally 
arises with respect to tartaric acid. 

The most important new fact regarding (+)-tar- 
taric acid is that its absolute configuration has been 
established by Bijvoet and his collaborators.*” The 
configurational relationship to p-glyceraldehyde was 
made highly probable by Fischer and by Freudenberg, 
and, as a result of Bijvoet’s work, (+)-tartaric acid 
may now quite properly be regarded as an even more 
fundamental standard than p-glyceraldehyde. What 
this means may be visualized if one imagines a single 
molecule of (+)-tartaric acid enormously magnified 
and oriented with the bond between the carbon atoms 
2 and 3 in the north-south direction. An observer 
standing at the middle of this bond looking north 
would then see the three groups, H, OH, and COOH 
arranged in a circle in this order when read clockwise. 
If the observer then looked south, he would see the 
three groups arranged in a circle also in the order H, 
OH, and COOH when read clockwise. 

What Fischer accomplished was to show that with 
(+)-tartaric acid the three groups would be seen in the 
same order as they would be observed if one examined 
p-glyceric acid or p-glyceraldehyde in the same way. 
However, it was impossible with the techniques then 
available to decide whether the order was clockwise or 
counterclockwise. He was thus led to postulate that 
the order of H, OH, and CHO in p-glyceraldehyde is 
clockwise. Bijvoet’s observations have now proved 
that this postulation, which had only an even chance of 
being right, was in fact the correct statement of the 
situation. 

In addition to the physical evidence offered by 
Bijvoet and his group, there is today a rapidly in- 
creasing body of information derived from biochemical 
investigations. Vickery and Pa mer! allowed excised 
tobacco leaves to take up (+)-tartaric acid from 0.2 
M solutions adjusted to pH 5 or to pH 6 with sodium 
hydroxide for 48 hours in darkness. They recovered 
unchanged from the leaves all of the tartaric acid 


1 Vickery, H. B., anp J. K. Paumer, J. Biol. Chem., 207, 275 
(1954). 


taken up and, accordingly, concluded that there are 
no enzyme systems in this tissue capable of metab- 
olizing (+)-tartrate. Furthermore, the presence of a 
relatively large amount of (+)-tartartic acid in the 
leaves exerted no influence upon the enzyme systems 
which actively metabolized Lt-malic acid and increased 
the concentration of citric acid during the experiment. 
This observation has recently been confirmed.!? The 
complete indifference of (+)-tartaric acid to attack 
when present in a tissue which contains enzyme 
systems adapted to the metabolism of L-malic acid as 
well as the natural L-amino acids was interpreted «s 
support of the view that (+)-tartaric acid has the 
configuration characteristic of the p family. 

This negative evidence has recently been supported 
by positive evidence advanced by Kun" who has 
found that a soluble enzyme system prepared from the 
mitochondria of beef heart muscle reduces diphos- 
phopyridine nucleotide at pH 8.3 in the presence of 
magnesium ion when either (—)-tartrate or meso- 
tartrate (in which one asymmetric center is certainly 
L) is added as substrate. The product of the reaction 
was oxaloglycolate in equilibrium with its more stable 
dienol form dihydroxyfumarate. The reaction was 
reversible inasmuch as dihydroxyfumarate was reduced 
to tartrate by reduced diphosphopyridine nucleotide 
under properly chosen conditions. In an earlier 
paper,'* it had been shown that (+)-tartrate is not 
oxidized by any of the enzyme preparations from the 
same source. These observations clearly indicate that 
(—)-tartrate has a configuration such that it is attacked 
by enzyme systems present in an animal tissue. Such 
systems as a general rule attack only substances which 
have the configuration of the t family. This is not 
proof, to be sure, but it is highly significant contrib- 
utory evidence, and other observations all of which 
point in the same direction have been recorded in the 
literature. For example, Stafford, Magaldi, and Ven- 
nesland™ have obtained evidence of the presence of a 
tartaric acid oxidase in lupine seedlings which attacks 
(—)-tartrate and meso-tartrate but not (+-)-tartrate. 
Axelrod and Sewell’® have found that (+)-tartrate 
behaves as an inhibitor of prostatic acid phosphatase, 
a property that it shares with p-glyceric acid and a 
number of other a-hydroxy acids of the p family, 
but which is not possessed by (—)-tartrate.” It is 
obvious that interest in the biochemical relationships 
of the isomeric tartaric acids is rapidly increasing and 
that the problem of clear and unequivocal communi- 
cation has become acute. 

For the present, it would seem essential for invest iga- 
tors invariably to specify the direction of the specific 
rotation of the enantiomorph of tartaric acid under 
examination. For this purpose, the names (+)- 
tartrate, (—)-tartrate and meso-tartrate convey full 


12 Vickery, H. B., J. Biol. Chem., in press. 

18 Kun, E., J. Biol. Chem., 221, 223 (1956). 

14 Kon, E., anp M. G. Hermanpez, J. Biol. Chem., 218, 201 
(1956). 

Srarrorp, H. A., A. MAGALDI, AND B, VENNESLAND, S¢ience, 
120, 265 (1954). 

16 AxeLRop, B., G. E. Federation Proc., 15, 214 
(1956). 

17 Axelrod and Sewell unfortunately refer to their inhibitory 
substance as L-tartrate, but the internal evidence in the pub- 
lished abstract of their paper makes it almost certain that ( +)- 
tartrate is meant. 
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aid unequivocal information. 


forth by Nenitzescu! and by Abernethy.® 


to be more conservative. 


magnification process referred to above. 


centers belong to the L family. 


To add one or other of 
the capital letter prefixes commits the author to 
acceptance of one or other of the opposing views set 
This is, of 
course, an author’s privilege, but until agreement has 
been reached among the many groups of chemists who 
are concerned, a “wait and see”’ attitude would appear 


In order to keep the facts of this confusing matter 
clearly in mind, it may be helpful to employ a device 
long used to explain the configurational relationships 
of the isomers of cystine to students of biochemistry. 
It is the blackboard equivalent of the imaginary 
The struc- 
ture of L-cystine may be written as in formula VI. 
This shows unequivocally that: both asymmetric 
When the formula of 
(+)-tartaric acid is written in the same style, as in 


formula VII, it is equally clear that both asymmetric 
centers belong to the p family; furthermore the fact 
that carbon atoms 2 and 3 are both a carbons is empha- 
sized. When the formula is written as in I, there is 
a tendency to regard carbon 3 as a 8 carbon and to 
assume that the three groups attached to it fulfill the 
same function as they do in t-threose (III). The 
fallacy in this assumption has been pointed out by 
Gorin.® 


COOH COOH COOH COOH 
NH,—C—H H—C—OH H—C—OH 
CH: 
t-Cystine p( + )-Tartaric acid 
(VI) (VII) 


8 Gortn, G., J. Coem. Epuc., 33, 478 (1956). 


Logsrrrumic triangular charts' may be used to 
advantage for plotting equations of the general form 


X4.Y3.Z° = a constant other than zero (1) 


where the exponents A, B, and C may be any real 
numbers, positive or negative. Expressions of this form 
are frequently met with in the study of chemical 
reaction equilibria. 

The application of logarithmic triangular plotting to 
the ionization equilibrium of the weak acid, acetic 
acid, in water solution is shown in the figure. For 
this acid, the ionization equilibrium reaction may be 
written 


HC.H,O. + H.O H,O+ + C.H,0.- (2) 


or, ignoring the hydration of the proton 
HC:H;0:, + C.H;0.- (3: 


The expression for the ionization constant of acetic 
acid is usually written in the form 
[HC2H;02] 


= 1.80 X 10-* (at 25° C.) (4) 


‘Guerra, Jorge, J. Cuem. Epuc., 33, 518 (1956). 
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LOGARITHMIC TRIANGULAR CHARTS—II 


Application to the Ionization Equilibria 
of Weak Acids and Bases and Their Salts 


JORGE GUERRA 
Williams Industrial Products, S. A., Havana, Cuba 


which may be seen to have, after a slight rearrange- 
ment, the form of equation (1). 

The figure shows a logarithmic triangular coordinate 
network having the following property: For any point 
of it the values of the three point-coordinates, corre- 
sponding to concentrations in gram-moles per liter of 
un-ionized acetic acid, acetate ion, and hydrogen ion, 
are such as always to satisfy the equilibrium equation 
(4). The range of this network has been restricted to 
those values of the coordinates likely to be met with in 
practice. This also is the range in which the constancy 
of the acid constant may be expected to hold reasonably 
well. 


IONIZATION OF PURE ACETIC ACID SOLUTIONS 


In order to determine the hydrogen ion concentration 
of pure acetic acid solutions, enter the chart from the 
bottom up, along the value of the total acid concentra- 
tion, on the HC;,H;0, scale, until the broken Pure acid 
line is met. From this point may be read, on the scales 
at the right of the figure, the hydrogen ion concentra- 
tion, the conjugate hydroxy] ion concentration, and the 
pH of the solution. The acetate ion concentration 
may be read on the top scale. 


341 


are 
ab- 
fa 
the 
ms 
sed 
nt. 
Phe 
ack 
mie 
| as 
the 
ted 
has 
the | 
> of 
4 
nly 
sion 
ible 
Was 
ced 
tide 
‘lier 
not 
the 
hat 
ked 
uch 
lich 
rib- 
rich 
the | 
en- | 
icks 
ate. 
rate 
da 
uly, 
t is 
hips 
and 
uni- 
iga- 
cific 
ider 
+)- 
full 
ence, 
itory 
pub- 


[CzH30, ] 


Pure acid line 


\ \ \ \ 2.0 rs 


°° YX 


6 


5 
2 

xo 


[HC2H30, ] 


Note that a small error is committed in this way, 
since the chart is entered in the first place at the value 
of the total acid concentration of the solution, whereas 
the scale used in so entering it corresponds to concen- 
trations of unionized acid remaining in the solution 
when equilibrium has been reached. This error is 
small since a weak acid is involved. So little of it 
ionizes that, except in the higher concentration range 
(> 1M) the approximation is fully warranted. This 
approximation generally is made in the elementary 
treatment accorded this topic in most general chemistry 
textbooks. For weaker acids than acetic the error 
involved in this approximation is still smaller. 

The broken Pure acid line is the locus of all points of 
the coordinate network for which the values of the 
hydrogen ion and the acetate ion concentrations are 
equal. Its utilization in the manner described follows 
from the fact that according to the equilibrium re- 
action (3) equal numbers are always formed, one each, 
of hydrogen ion and acetate ion for every molecule of 
acid that ionizes. Here again a harmless approx- 
imation is involved in that the hydrogen ion concen- 
tration supplied by the solvent (water) is neglected, all 
of the hydrogen ion in the solution being considered as 
originating, exclusively, from the acid. The error is 
negligible except at extremely low concentrations of 
acid (<1.5 X 10-7 moles per liter). At this and lower 
acid concentrations the amount of hydrogen ion 
supplied by the solvent is comparable in magnitude 
with that supplied by the acid. 
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Pure salt line 


HYDROLYSIS OF ALKALI ACETATES 


The hydroxyl ion concentration present in aqueous 
solutions of alkali acetates (e.g., Na acetate) may be 
found by entering the chart from the top down along 
the value of the total salt concentration, on the 
C.H;0.~ scale, until the broken Pure salt line is met. 
From this point may be read, on the scales at the right, 
the hydroxyl ion concentration, the ‘pH and _ the 
conjugate hydrogen ion concentration. The concen- 
tration of unionized acetic acid formed as a consequence 
of the hydrolysis may be read on the bottom scale. 

Small, harmless zpproximations, analogous to those 
previously discussed, and their resulting negligible 
errors, are involved here again. 

The Pure salt line is the locus of all points for which 
the values of the hydroxy] ion concentration and of the 
unionized acetic acid concentration are equal. This 
equality is assured by the stoichiometry if the cation of 
the acetate salt does not react appreciably with water. 


BUFFER SOLUTIONS 


The hydrogen ion concentration in solutions con- 
taining both acetic acid and alkali acetates is deter- 
mined by entering the chart from the bottom up along 
the total acid concentration, on the HC;H;0; scale, and 
from the top down along the total salt concentration, 
on the C;H;0,.~ scale. From their point of inter- 
section may be read, along the scales at the right, the 
hydrogen ion concentration, the pH and the conjugate 
hydroxyl ion concentration. 


MIcROCHEMICAL JOURNAL, Volume 1, Number 1, appeared in April, 1957. Published by Inter- 
science Publishers, New York 1, N. Y., under the auspices of the Metropolitan Michrochemical 
Society, the journal plans two issues in 1957, totaling 300 pages. Subscription price: 
Professor Nicholas D. Cheronis of Brooklyn College is Chairman of the Editorial Committee. 
The new journal not only will provide a medium for the publication of current contributions to the 
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$9.60. 


JOURNAL OF CHEMICAL EDUCATION 


Tur EF 
lattice 
were ¢ 
review 


Expe 


bands wi 
heating i 

(5) Wl 
allowed t 
bleach so 
the infra: 
F' band 


Mode 
is heate 
into the 
Frenkel 
have to 
the crys 


1 Prese 
in the So! 
the 120th 
April, 195 

The Si 
see J. 


figures, al 
those Assi 


VOLUME 


; 
BY. 

Is 

5 

XY 

ix 1074 

the fol 
to serv 
CENTE 
A th 
31); st 
(32); 
by Ma 
the fol 
(1) W 
change. 
does not 
that cry 
region 
bands. 
(2) TI 
X-ray ir 
violet rey 
certain o 
(4) W 
cathode 
342 


IuperFecrions in crystals arising from the existence of 
lattice vacancies and of atoms in interstitial positions 
were covered in some detail in Section I. The present 
review will now be rounded out with a brief survey of 
the following topics: color centers, dislocations, phonons, 
and excitons. As before, the discussion is intended solely 
to serve as a guide to more careful presentations of the 
subject material as found in the indicated references, 


F AND V CENTERS AS EXAMPLES OF COLOR 
CENTERS IN ALKALI HALIDES 


A thorough review of this topic was given by Seitz (1, 
31); somewhat dated summaries are found in (2c) and 
(32); for additional information see also the discussion 
by Markham (33). 

Experimental Observations. Attention is directed to 
the following experimental observations: 


(1) When alkali halides are heated in the presence of alkali 
vapor and are subsequently quenched they undergo a color 
change. This discoloration is characteristic of the crystal and 
does not depend on the alkali vapor (1). Optical studies show 
that crystals so treated exhibit absorption bands in the visible 
region of the electromagnetic spectrum. These are called F 
bands 


(2) The same band is also obtained by subjecting a sample to 
X-ray irradiation or cathode ray bombardment; at the same 
time a new absorption band, the V band, is observed in the ultra- 
violet region below 4000 A. 

(3) V centers were also observed by Mollwo (34) upon heating 
certain of the alkali halides in their halogen vapor. 

(4) When samples which have been subjected to X-ray or 
cathode ray treatment are heated, bleaching of, the F and V 
bands will occur. Samples where discoloration was obtained by 
heating in vapors do not undergo appreciable bleaching. 

(5) When radiation in the wave-length region of the F band is 
allowed to fall on crystals treated as in (1) or (2), the F band will 
bleach somewhat and a new absorption band will appear towards 
the infrared region of the spectrum. This new band, called the 
F' band is shown in Figure 8. 


Model of the F Center. When a crystal such as NaCl 
isheated in Na vapor, excess sodium is incorporated 
into the lattice. Since alkali halides do not exhibit 
Frenkel defects (see Section I) the excess sodium will 
have to be accommodated as Na* ions on the surface of 
the crystal; this process will be accompanied by the 


_ | Presented as part of the Symposium on Recent Developments 
in the Solid State before the Division of Chemical Education at 
Poe Meeting of the American Chemical Society, Dallas, 
April, 1956, 

*The second of two papers on this topic. For the first paper, 
see J. Cum. Epuc., 34, 224 (1957). The numbers of equations, 
figures, and literature cited in this paper follow consecutively 
those assigned in the first paper. 
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IMPERFECTIONS IN CRYSTALS' 


II: Color Centers, Dislocations, 
Phonons, and Excitons’ 


J. M. HONIG 
Purdue University, Lafayette, Indiana 


migration of Cl- ions to the surface. A new Na*+Cl- 
unit is thus deposited and an anion vacancy is gener- 
ated; the latter is associated with a formal unit posi- 
tive charge. 

According to the model first proposed by de Boer (34), 
the valence electrons which accompany the Na atoms 
into the lattice become trapped at the anion vacancies. 
The unit consisting of an anion vacancy and of a trapped 
electron is known as an F center. It is not unreason- 
able to assume that the interaction between the com- 
ponents of the F center is somewhat analogous to that 
of the proton and electron in the H atom. Of course, 
allowance has to be made for the fact that the F center 
is buried in a crystal, while the H atom is essentially 
surrounded by a vacuum. Usually, the influence of 
the surroundings is introduced in two ways: (a) by in- 
serting the dielectric constant D into the Coulomb inter- 
action force between the vacancy and the electron: 


f = q2/Dr 
where g,. is the electronic charge and r the separation 
distance between charges. (b) The electronic mass, 
M., may be replaced by some sort of effective mass, M* 


whose value is to be determined by experimental 
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Figure 8. F and F’ Bands in KCl at — 235°C. 


Region A, F center band before irradiation; region B, appearance of F’ 
band after irradiation (after Mott and Gurney (2)). 
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The approximate nature of such a model should be 
obvious, especially if it is recalled that the dielectric 
constant represents a macroscopic quantity and thus 
refers to a continuum which separates two charges 
under consideration. More realistic models which take 
into account the atomistic properties of the surroundings 
will be mentioned below. Meanwhile, on the basis 
of the analogy between an F center and an H atom, one 
might expect a quantization of the interaction energy 
between the vacancy and the electron. The allowed 
energy levels are then represented by the Bohr formula, 
except that the scaling factors 1/D? and M* are intro- 
duced, to allow for the surroundings: 

*q.4 

where m is an integer and h Planck’s constant. Using 
appropriate numerical values (m = 1, M*=M,, D = 
2.33 for NaCl) one arrives at a value of H, = 57.2 keal./- 
mole; this would also represent the energy AE required 
to take an electron, initially in the ground state at the 
F center, completely away from the vacancy. From 
the Bohr frequency condition AZ = hv one can calculate 
that the frequency of the incident light required to 
accomplish this ionization process is vy = 6.02 K 10 
sec.—!; this value lies well within the frequency range 
ymax. = 6.40 X 10" to ymin. = 5.35 X sec.—! en- 
compassed by the F center band at 5°K. (36). It is 
therefore tempting to state that the absorption of light 
with frequencies lying in the F band region will result in 
the dissociation of an electron from an anion vacancy, 
just as the absorption of light of frequency 33.0 K 10" 
sec.—! will result in the ionization of an H atom. 

That this is an oversimplification is shown by some 
photoconductivity experiments by Pohl and Glaser (37). 
As was discussed earlier, electrons which become ionized 
are more or less mobile throughout the crystal. There- 
fore, if a crystal is irradiated with F center light and if 
electrons are ionized in the process, a transport of electric 
current should be observed through the crystal. The 
experiment shows that this is indeed the case for suffi- 
ciently high temperatures; but for temperatures below 
— 150°C. the photocurrent drops rapidly. The sharp 
drop in photocurrent was explained by Mott and Gurney 
(2d) on the following basis: The H atom model of the F 
center is too unrealistic. When F band light is absorbed 
by a crystal, the electron is not ionized but is only raised 
from its ground state to the first excited energy level. 
The additional energy required to remove this excited 
electron from the F center is presumably quite small. 
The electron can thus be ejected, provided sufficient 
thermal energy (as for instance in the form of lattice 
vibration) is available. Obviously, the lower the tem- 
perature, the less likely will ke such an occurrence, and 
at sufficiently low temperatures the electron will return 
to the ground state before its ejection is accomplished. 

A more detailed study of the energetics of this process 
was given by Markham (38). He assumed that the 
ground state is represented by a single energy level, but 
that the first excited state is represented by a band of 
levels, arising from the interaction of the excited elec- 
trons with its surroundings in the crystal. The “width” 
of this band in the first excited state was assumed to be 
given by the half-width of the F absorption spectrum as 
determined experimentally at 5°K. The additional 
thermal energy required to ionize the electron was 


calculated from the ex. 
perimental fact that 
photoconductivity dim- 
inished drastically below 
—150°C. The resulting 
energy level diagram for 
the F center is show). in 
Figure 9. 

Other refined theoreti- 
eal analyses have been 
reviewed by Seitz (/a): 
these are in general ac- 
cord with the experi- 
mental data, and con- 
firm the conclusion that 
irradiation in the F 
center wave length region 
brings about a transition 
of the electron from its 
ground to a first excited 
level. Much attention 
has centered on the wave 
functions which govern 
the behavior of the elec- 
tron in F centers. Every such analysis indicates that 
the F center electrons are shared to a greater or lesser 
extent by the six cations in the immediate vicinity of 
the vacancy. Direct experimental evidence in support 
of this conclusion is provided by paramagnetic reso- 
nance experiments which are reviewed by Seitz (/b). 

Other models to explain the F band have been pro- 
posed, but there seems to be general agreement that 
only de Boer’s model is able to give a satisfactory ac- 
count of the observed facts. 


F’ Centers. Pick (40) observed, upon irradiating dis- 
colored KCl with F center light at —235°C., that the 
F band intensity diminished and a new band was 
formed towards the infrared spectral region. This effect 
is illustrated in Figure 8; the new absorption region is 
termed the F’ band. Careful studies (40) have shown 
that two F centers disappear for every F’ center pro- 
duced, between —80°C. and —100°C. This observa- 
tion is consistent with the concept that an F’ center 
represents an anion vacancy with two trapped electrons, 
the second electron being obtained by ionization of a 
second F center. The creation of F’ centers in KC! 
might be symbolized by the equation: 

ope + = apt + (%) 
F center F center Anion F’ center 
vacancy 


-3l 


Figure 9. Energy Level Diagram of 
the F Center (after Markham (38)) 


At room temperature most of the F’ centers are de- 
stroyed, two F’ centers being recovered in this process, 
which is the reverse reaction of (26). 


V Centers. V centers may be produced by h: ating 
a crystal in halogen vapor. The vapor initially ««ttles 
on the surface, probably as atoms, and each atom i then 
converted into an ion by acquisition of an extra ele ‘ron. 
At the same time a cation leaves its regular lattice: pos'- 
tion and moves towards the newly formed halic : 100. 
This additional ion pair thus settles on the surface. while 
a cation vacancy appears in the lattice. The ele rons 
needed for transfer to the excess halogen atom cal 
only originate from the set associated with the co/esive 
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binding of the lattice ions. Accordingly, for every 
electron transferred; one hole is left behind in the 
valence structure. These holes may be treated as 
mobile positive charges. When they encounter the 
cation vacancies, which are associated with a formal 
negative charge, they may become trapped at such 
vacancies. The unit thus formed is known as a V 
center and gives rise to an ultraviolet absorption band 
in alkali halides. 


By contrast to the case of F centers, it is likely that 
the majority of these color centers are not simple com- 
binations of a cation vacancy and a hole, but that 
they are aggregations of such vacancies which have 
trapped one or more holes. Depending on operating 
conditions, the V band may be resolved into two or 
more components, known as the V;, V2, V3, and V, 
bands. The concentration of excess alkali in the crystal 
is found to vary linearly with the partial pressure of the 
monatomic vapor (41), while the concentration of excess 
halogen is found to be proportional to the pressure of the 
diatomic gas. This allows one to conclude that the V 
centers are principally composed of pairs of positive ion 
vacancies to which holes are attracted. 

Summarizing recent experimental evidence, Seitz (1c) 
recognizes the existence of the following types of centers: 


V; center: 
V; center: 


hole bound to a single cation vacancy 
hole bound to a pair of cation vacancies 

V. center: two holes bound to a pair of cation vacancies 

V, center: hole bound to a triple unit, consisting of two cation 
and one anion vacancies 


The above assignment differs from an earlier one 
(42), hence, the interchange between Vz and V3. It 
should be noted that the V; center is the enantiomorph 
of the F center; F center enantiomorphs corresponding 
to the Ve, V3, and V, centers are also encountered in 
alkali halides under appropriate conditions. These 
are known as the 2 and M bands and are located toward 


the infrared spectral region. 
cancy are not completely 


filled. One electron is 


Vv, missing from the elec- 
tronic entourage of these 
six cations. The loca- 


Figure 10 is reproduced 
from Markham’s work, 
in an effort to indicate 
what is meant by the 
concept of a hole being 
bound to a cation va- 
ecancy. This drawing of 
a V; center is meant to 
illustrate the principle 
that the valence shells 
of the six anions adja- 
cent to the cation va- 


Figure 10. Diagram Symbolizing 
the V; Center, Showing How a Hole 
Is 


ls Shared Set Six Anions Ad- tion of the hole will vary 
jacent to a Cation Vacancy (after 
a en) with time; for, no matter 


from which of the val- 
ence shells of the cationic 
= neighbors the electron is 
missing, an electron from the shell of an adjacent 
neighbor will move in, thus displacing the hole. While 
this is by no means a rigorously correct discussion of 
the actual happenings, the model suffices to indicate the 
hature of the V; center. 
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In another manner of speaking, the hole is shared 
equally between the anions adjacent to the cation va- 
cancy. The reason that the “hole motion” is generally 
restricted to the neighborhood of the vacancy is because 
of the Coulomb attraction between the units comprising 
the V,; center. An alternate, though less satisfactory 
description is given by the statement that in V, cen- 
ters the vacancy is flanked by a halogen atom. 


In order to explain the second and fourth experimental 
observations listed at the beginning of this paper, it is 
postulated that in the course of X-ray irradiation or 
cathode ray bombardment, electrons are knocked out 
from their usual locations. They are lifted into excited 
states, where they become mobile; the holes generated 
in the process will likewise be free. Both species may 
wander through the crystal until they become trapped 
at anion and cation vacancies, which are always present 
because of the Schottky defect structure of the alkali 
halides. This mechanism explains the simultaneous 
appearance of the F and V bands in crystals subjected 
to irradiation or bombardment. 

Upon thermal heating, sufficient energy is supplied to 
the crystal to dissociate F and V centers. Electrons will 
move through the crystal until they encounter a hole in 
the valence structure of the lattice ions. A mutual 
hole-electron annihilation process then takes place. 
The simultaneous bleaching of the F and V bands under 
heating is thus qualitatively accounted for. 

Two other points should be briefly noted: First, that 
the mechanism of production of color centers, especially 
at low temperature, is still subject todebate. Seitz (44) 
has suggested that the dislocations (see below) present 
in crystals play an important role here. Second, it 
should be recognized that there exists a large variety 
of other color centers which have not even been men- 
tioned because of space limitations. Interested readers 
are referred to the review articles by Seitz (1) for fur- 
ther information. 


DISLOCATIONS 


A very excellent review on the subject of dislocations 
is found in an article by A. H. Cottrell (45), and a 
thorough treatment of the subject is given in a book 
by Read (46). Applications of this concept are de- 
scribed by Frank (47). Only the two elementary 
types, the edge and screw dislocations, will be considered 
here. Their nature can best be understood by a care- 
ful study of the illustrations. 


Figure 11. 


Diagram of an Edge or Taylor-Orowan Dislocation (after 
Cottrell (45)) 
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NEGATIVE DISLOCATION 
Figure 12. Motion Under Shear of Dislocation 


Edge dislocations are said to be positive if the extra half plane appears 
above the glide plane. The middle diagram of the top row shows the atomic 
arrangement of Figure 11 if viewed along EF. (After Taylor, Proc. Roy. 
Soc. (London) A146, 362 (1934)). 


The Edge Type Dislocation. The edge or Taylor- 
Orowan dislocation is shown schematically in Figure 
11, as a slip in the direction A’F’ of the volume element 
above ABEF against the remainder of the stationary 
crystal. For obvious reasons the area ABCD is known 
as the glide plane. Notice that the atoms above the 
glide plane are in a state of compression, notably near the 
line EF’F; by contrast, the atoms below ABCD are 
separated by abnormally large distances, especially 
along EF’F. This latter line, which separates the 
slipped from the unslipped region, is called the disloca- 
tion line. 

When one views the face BEC along EF one en- 
counters the atomic arrangement sketched in the middle 
of the top series of Figure 12. It is evident that the 
edge type dislocation may be regarded as resulting 
from the presence of an extra half plane which extends 
vertically above or vertically below the glide plane 
and which terminates at the dislocation line. This 
drawing also indicates in somewhat better fashion the 
compressions and expansions which occur above and 
below the glide plane; the consequent disruption of the 
regular lattice arrangement is particularly apparent in 
the vicinity of the terminal atom of the half plane. 
Figure 12 shows further that dislocations are of para- 
mount importance during plastic flow or shear. 


Figure 13a. Diagram of a Screw or Burg 
(45)) 


Screw-type Dislocations. The other type of dislova- 
tion considered here is the screw or Burgers type which 
is illustrated in Figure 13. Again, this dislocation arises 
from a slip of a portion of the crystal against the re- 
mainder; in the present case, however, the slip direction 
is parallel to the dislocation line EF. A plan view of 
the atomic layer immediately above and below the «lip 
plane is shown in Figure 13b. The two sets of atoms 
are labeled by solid and open circles respectiv:ly. 
The helical arrangement of the atoms in the vicir ity 
of the dislocation region is readily apparent on the plan 
view. 

Properties of Dislocations and Their Interaction with 
Environment. Dislocations have the property of being 
highly mobile, as can be seen by reference to Figure 14, 
which represents the side view of an atomic layer im- 
mediately above and below the glide plane of an edge 
dislocation. Let the solid circles denote initial positions, 
and the open circles the new positions to which the 
atoms in the upper layer are displaced. As a result of 
this displacement the dislocation which was initially 
centered about AA’ moves forward one atomic unit to 
BB’. Now in the perfect crystal each atom in the 
upper row would be located above an atom in the 
lower row, so that the attractive forces are maximal. 
Hence, atoms to the left of AA’ will move into regions 
of greater attractive forces while atoms to the right of 
AA’ move against resistive forces. As a rough ap- 
proximation, these forces cancel; hence, the net force 
required to move a dislocation is quite small. 

During the motion of a dislocation the atoms which 
undergo slip move in the periodic force field of atoms in 
the stationary array. Thus, an oscillatory movement 
is generated perpendicular to the translational degree of 
freedom. If the oscillations become sufficiently violent, 
atoms on each slide of the slip plane will suffer collisions, 
and energy is dissipated (48, 49). It is therefore per- 
haps not surprising that vacancies and/or interstitial 
atoms or ions are produced during the motion of dis- 
locations. Experimental evidence of this fact was pro- 
vided by Gyulai and Hartly (50) who showed that dur- 
ing plastic flow, the ionic conductivity of sodium chloride 
rose sharply. 

Lattice defects are also readily produced by interac- 
tion between dislocations (Sa). Consider for example 
the two edge dislocations of Figure 12 whose extra 
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Figure 13b. Plan View of Screw Dislocation (after Cottrel! ‘45)) 
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half planes lie vertically above and below their asso- 
ciated glide planes. Suppose the glide planes are parallel 
in orientation and are separated by one atomic distance, 


slo: 
which 


arise 

he E and let the two dislocations move toward each other. 

ection fm In the process of collision, a row of interstitial atoms is 

ew of @ generated along the dislocation line if the half planes 

.e slip fH overlap by one unit; in the event that the terminal 

atoms fg atoms of the half plane are separated by an atomic 

ively, 9 unit, a row of vacancies is created. 
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nit to 

4 8 The dislocation line of an edge type dislocation 

cimal. Wy ™8Y display a jog, such as illustrated in Figure 15. 

ions Jogs may be generated if a portion of the atoms in the 

sht of extra half plane of the edge dislocation undergo unit 

h ap slip, as illustrated in Figure 16, where the circles repre- 

force Wa ett the incomplete plane of atoms lying in the plane 
of the page. The atoms at P and Q’ have only two 

which fag Bearest neighbors each; all others on the surface except- 

ieiidia ing those at the corners, have three. Hence, jogs may 

sment ay 2t 88 @ Source of atoms that either annihilate nearby 

ree of (ay Vacancies or else enter the lattice interstitially. The 

tin converse may also occur readily ; in the process of en- 

alle larging the extra plane the position adjacent to jogs is 

e per- energetically most favored because a joining atom can 

stitial then form two bonds to nearest neighbors, whereas 

f dis Ma ot any other position on the edge only one such bond can 

8 pro- be formed. It follows that jogs may act both as sources 

t dur. aos sinks for vacancies or interstitial atoms. It has 

lathe been shown by Seitz (44) that jogs in ionic crystals 
may act as traps for free electrons or holes. 

sites It should be noted that dislocations will attract im- 

ample purity atoms by virtue of the stress field surrounding 

elite the dislocation. It can be shown that the interaction 


Figure 15. Diagram of a dog in the Extra Half Plane of an Edge Type 
Dislocation (after Frank (47)) 
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Figure 16. Illustration of the Extra Half Plane Associated with an Edge 
Type Dislocation Containing a Jog. 


The atoms of this extra half plane are in the plane of the paper (after Read 
(46)). 


energy falls off inversely with the distance of separation ; 
the interaction may thus be classed as long-range. 
For example, impurity atoms larger than the atoms of 
the host lattice tend to diffuse to the expansion region 
of the dislocation; they may displace atoms of the host 
crystal near the dislocation line to relieve the stress in 
that region. Likewise, impurities of small diameter 
will move to the compression region of a dislocation. 

It is evident that dislocations provide a route for rapid 
diffusion of foreign atoms through the lattice. Both 
the disorder near the dislocation line and the presence 
of vacancies nearby leave much more open space than 
is encountered in a well ordered region of the lattice. 

Finally, it should be noted that dislocation structures 
arise in regions where crystallites or microcrystallites 
in different orientations adjoin (see Figure 6”). Under 
these conditions, very open structures, internal cracks, 
and channels are formed. 


PHONONS: 


A discussion of the concept and properties of phonons 
is found in a book by Frenkel (41), and in a review article 
by Seitz (5b). 

The phonon concept arises from a consideration of 
the vibrational properties of crystalline solids. In any 
regular array, a given atom moves in the force field of 
its neighbors and is thereby prevented from escaping 
its regular position except under unusual conditions. 
The movement is restricted to a to-and-fro motion about 
an equilibrium position, where the potential energy of 
the particle under consideration is ata minimum. The 
mechanical frequency of this vibration, vo, depends on 
the potential field, as determined by the magnitude of 
the interaction of the central atom with its neighbors. 

It is one of the fundamental deductions of quantum 
theory that oscillating atoms execute vibrations even 
at the absolute zero of temperature. The vibrational 
energy is given by the formula 


Ey = (27) 


E, is the so-called zero point vibrational energy, and h 
is Planck’s constant. In the absence of this zero point 
energy the atoms could remain at rest; thus their posi- 
tion and momentum could then be determined simul- 
taneously to any desired degree of accuracy, which is 


3 The author is indebted to Dr. N. Pearlman for many helpful 
discussions. 
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contrary to the requirements of the Heisenberg un- 
certainty principle. 

Above 0°K. the atoms of a solid can acquire additional 
energy. Once again, quantum mechanical considera- 
tions impose certain restrictions. The particles cannot 
assume any arbitrary values for the vibrational energy; 
instead, the choice is limited to that set of values given 
by the relation 


E, = (n + (28) 


where n is any positive integer or zero. In other 
words, the vibrational energy is quantized. The above 
relation is valid for vibrations in one dimension, pro- 
viding the particle obeys Hooke’s law, so that the re- 
storing force is proportional to the displacement of the 
atom from its equilibrium position. For small values of 
n the above formula is a good approximation of the 
quantized vibrational energy even when Hooke’s law is 
not strictly obeyed. 

Any atom which acquires sufficiently high vibrational 
energies (i.e., for which the quantum number n in equa- 
tion (28) is sufficiently large) will spend an appreciable 
fraction of its time at some distance away from its 
equilibrium position. As a result, the crystal will be- 
come somewhat disordered, and this is the justification 
for including a brief survey of lattice vibrations in a 
discussion of defect structures of solids. 

According to equation (28), the energy difference for 
two states characterized by the quantum numbers n = 
n’andn = n" is 


En" — En’ = AE = (n” — n’)hwo, (29) 


and the minimal value for |AF| is hv. It is therefore 
not unreasonable to recognize the quantization of 
vibrational energies by giving the minimal energy differ- 
ence, hyo, a name, the phonon. In fact, some precedent 
for such a procedure exists in the theory of light; the 
pertinent ideas will be reviewed briefly because they aid 
in the further development of the phonon concept. 

It is well known that many properties of light, such 
as interference, diffraction, or refraction may be ex- 
plained in terms of its propagation as a wave. Such an 
interpretation has had a distinguished history since the 
time of Huygens (1685). On the other hand, there are 
certain experimental results such as the photoelectric 
effect or the Compton scattering experiments which 
definitely cannot be explained in terms of the wave 
concept of light. Indeed, as Einstein pointed out in 
1905, the interaction of light with fundamental particles 
can be interpreted only by assigning to light a corpus- 
cular structure, whose fundamental unit is the photon. 
The latter is to be associated with an energy hy, v being 
the frequency of light when regarded as a wave. Dur- 
ing the later development of quantum mechanics it 
became firmly established that the wave and particle 
aspects of light are but two different manifestations of 
the some phenomenon, and that this dualism applies 
to radiation as well as to material particles. Thus, 
whether one wishes to talk about light in terms of a 
wave or of a particle concept is largely a matter of con- 
venience, and depends on the phenomenon which is to 
be interpreted. One is tempted to say that light is 
neither a particle nor a wave, but that these two terms 
are classical concepts which, separately, do not ade- 
quately convey the correct idea. 


Quite analogous considerations apply to the present 
case. Instead of saying that an atom is execuiing 
oscillations, one could state that the oscillator rere. 
senting an atom possesses n quanta of energy hy above 
the inevitable ground level '/2 hyo, or that the oscillator is 
associated with n phonons. Instead of stating thit , 
crystal is heated or that vibrational quanta of energy 
are transferred from the heat source to the solid, one 
may state that phonons have been added to the sys‘ em, 


To make this concept somewhat more precise, we argue as 
follows: The energy of the vibrating atoms in the crystal is 
given as 


N N 
E=Y(%+W) => (30 


t=] #=1 


T; and V; being the kinetic and potential energy of the tth atom. 
Inserting the classical expression into T and V for the energy oj 
the ith atom in the crystal 


By = + + + 


N 
2 — 25)? + (ys — ys)? + (ze — 23)*} (31) 
=! 


In the above relation 7 is the force constant, and the summation 
extends over all members of the crystal surrounding the ith 
atom. The contribution due to the xz component of motion js 
accordingly 


N 
Eis = + 5D) (x: — 24)? (32) 
j=l 


Here 2; is the displacement of the ith atom along the z direction 
from its equilibrium position and <; is the corresponding velocity 
component. It will be noticed that the potential energy of par- 
ticle i depends not only on its own displacement but on that of 
every one of the remaining atoms, z;, as well. The reason fc 
this is as follows: Suppose that as particle i is displaced along 
the positive z axis it moves towards particle 7. Then, obviously, 
the interaction force between i andj is most pronounced if par- 
ticle j is simultaneously displaced towards 7 along the negative: 
axis. The squared position factors arise from the assumption 
that the particles obey Hooke’s law, which requires that thei 
potential energies vary as the square of the displacement. 

An examination of the expressions (30, 31, and 32) shows that 
this description of atomic vibrations in a crystal is quite comple, 
the more so since the energy of particle 7 is also dependent on the 
state of all its neighbors. Fortunately there exists a very general 
mathematical theorem which states that this very complicated 
motion of all the atoms in the crystal can be described in terms 0 
very elementary vibrations—somewhat in the way that the com- 
plex Lissajous figures of a plum-bob can be decomposed into 
components of oscillation along two mutually perpendiculir 
axes in the horizontal plane. To put this into more precise form, 
it is possible to effect a transformation of variables from the si 
yi, 2: to a new set of generalized coordinates giz, qiy, Gis Such thal 
the energy of the particle corresponding to its vibration along 
iz is given by the relation (a, 6 are constants) 


b ‘ 
Boi, = + 5 Ge" (8 


There are several advantages to this transformation. [n th 
first place, all cross-terms in the energy expression are missilf 
Secondly, (33) represents the classical equation of motion for: 
single oscillator, for which the quantized energy levels have tl 
form (28). Further, the mathematical analysis shows that al) 
vibrations of the crystal, no matter how complex, can b« broke! 
down into a linear superposition of these elementary motio 
which are called normal modes of vibration. It is a char: cteristt 
property of this type of motion that when a crystal exccutess 
given normal mode of vibration, all atoms of the solid vibra 
in phase with the same frequency. This latter feature is perhar 
the most important characteristic of normal vibrations, sinc" 
allows us to represent the entire crystal, as far as its vi! ration 
properties are concerned, by a single oscillator whose frequet! 
may be calculated by solving equation (33). A similar consider 
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tion applies to every other normal mode of vibration; for a col- 
lection of N atoms in the crystal, a total of 3 N such modes can 
Thus the vibrational properties of the crys- 
tal can be described by replacing the latter with 3 N harmonic 
oscillators, each one being associated with a characteristic fre- 
quency which can be calculated in principle. 
of these matters is found in standard reference books (see for 


be shown to exist. 
A fuller discussion 


From the preceding discussions one is led to the idea of asso- 
ciating with each representative oscillator a certain quantized 
energy, Or &@ given number of phonons. 
missing from (33), a given representative oscillator does not de- 
pend inits propertieson any other. Thus, the phonons likewise do 
not interact. If they are regarded as being particles, by analogy 
to photons, they form a perfect gas within the crystal. 


Applications of the Phonon Concept. While the 
phonon concept may seem somewhat artificial, it has a 
number of very useful applications, particularly in the 
areas of energy transfer and interaction of lattice vibra- 
As a first example, we shall discuss 
briefy the electrical conductivity of metals. 
known that the resistance of a metal diminishes with 
decreasing temperature. The quantum mechanical 
explanation for this phenomenon is that an isolated 
conduction electron in a perfect lattice would encounter 
little resistance and would essentially behave like a gas 
molecule in an enclosure. However, as soon as the 
perfect lattice array is disturbed, the motion of the 
electrons is impeded by the lattice atoms which execute 
The chances of encountering the 
above atom at a considerable distance from its equilib- 
rum position diminishes with lower temperatures, so 
that under such conditions the resistance of the metal 
decreases. It may be imagined that a calculation of 
the interaction between electrons and lattice vibration 
is a fairly formidable undertaking. 
phonon concept is used the situation is materially 
simplified, because one may assign to each phonon a 
certain cross s-ction for its interaction with moving 
It becomes then a purely statistical problem 
to calculate the chance that a phonon-electron collision 
will occur, if the number of phonons in the lattice is 


Since cross-terms are 


tions with matter. 


large oscillations. 


However, if the 


A second common application of the phonon concept 
occurs in the theory of heat conduction of solids. 
vantage is taken of the ideas discussed earlier that the 
phonon collection forms a quasi perfect gas. When the 
crystal is connected to a source of heat, the lattice 
vibrations are increased; in other words, the phonon 
density in the crystal is augmented. The rate at which 
this oecurs is determined by the rate of self-diffusion of 
new phonon particles through the phonon assembly 
present in the solid. One can apply kinetic theory to 
the phonon collection in the same manner as is done for 
gases. For example, the thermal conductivity, 6, of a 
honmetal is given by the classical expression (53) 


where C is the heat capacity per unit volume, ¢ the 
Average sound velocity, and A» the mean free path of 
! Readers acquainted with kinetic theory 
will immediately recognize the close similarity between 
34) and the corresponding expression in the kinetic 
heory of transport phenomena in gases. 
‘onductivity experiments lead to a value of Xo in the 
nge 20 to 500 A. 


Quite generally, the phonon concept is useful, because 
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the results concerning the interaction of electromag- 
netic radiation (photons) with matter can be trans- 
posed to obtain results concerning the interaction of 
elastic vibrations (phonons) with matter. 


EXCITONS 


Excitons are said to be generated when electrons of a 
nonmetallic solid receive sufficient energy to be raised 
from the ground level into an excited state without being 
ionized. It was emphasized in the previous discussion 
that whenever an electron is removed from the set 
which is responsible for the cohesion of crystals, a posi- 
tive hole is left behind. Hence the excited electron 
and the hole will interact in much the same manner as 
the electron-proton pair in the hydrogen atom. Experi- 
mentally, the existence of an exciton may be inferred 
from the presence of subsidiary peaks on the infrared 
side of the first fundamental absorption band in the 
crystal. If light in the first absorption band region 
impinges on a crystal, photoconductivity is observed, 
indicating that electrons have become ionized by the 
incident radiation. No photoconductivity is observed, 
however, if light of a frequency corresponding to the 
location of the subsidiary peaks is used. This latter 
radiation evidently moves electrons into excited states 
lying below the ionization limit on tho energy scale. 
An exciton may thus alternatively be thought of as 
the excited state of a lattice atom or ion in a crystal. 


Excitons will generally not remain localized. The 
simplest way of visualizing the propagation of the 
exciton is to imagine that the excited atom returns to 
its ground state by emission of radiation; this radiation 
is then captured by a similar atom in another portion 
of the crystal lattice, the second atom being electron- 
ically excited in this process. Another way of describing 
this event is to say the exciton has moved from one por- 
tion of the crystal to another. A more likely mecha- 
nism for exciton propagation was proposed by Heller 
and Marcus (54), on the basis of a dipole coupling be- 
tween the excited atom and ground states of nearest 
neighbors in the lattice.. The life of an exciton may be 
terminated by an encounter with an F center, in the 
course of which the electron is ejected from its anion 
vacancy; evidence for such a mechanism was provided 
by Apker and Taft (55) and others. Further applica- 
tions and other aspects of exciton theory have been 
described by a number of writers (5c, 56-59). 
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Ay savisracrory and relatively inexpensive experi- 
ment to determine the quantum yield of the photol- 
ysis of malonic acid can be performed by comparing the 
photolysis of this acid with that of oxalic acid. The 
quantum yield for the photolysis of oxalic acid sensi- 
tized by urany] ion has been shown to be 0.6 over a wide 
range of concentration and wave length of absorbed 
light.! The oxalic acid-uranyl ion solution is used as 
an actinometer to determine the total quanta absorbed. 
The decomposition of oxalic acid is represented by the 
equation 


H:C,0, + hy + CO + CO, 
and malonic acid by 
H,C:0, + hy CH,COOH + CO: 


Into each of two 250-ml. beakers is put a mixture of 
25 ml. of 0.01 M uranyl nitrate and 25 ml. of 0.01 M 
oxalic acid. Into each of two other beakers of the same 
size is put the same amount of uranyl nitrate and 25 ml. 
of 0.01 M malonic acid. 

The four beakers are placed in the reaction box with 
the two oxalic acid solutions in the middle and the two 
malonic acid solutions on the ends. The housing of the 
8-watt germicidal mercury lamp is lowered onto the 
reaction box surface. After a 45-minute exposure, the 
positions of the solutions are exchanged and a second 
45-minute exposure is made. This procedure averages 
the light intensity. 

After exposure the total oxalic acid of each of the 
two solutions is titrated hot with 0.04 N KMnQO, by 
the standard procedure. The 10-ml. samples of ex- 
posed malonic acid-urany] nitrate solutions are titrated 
similarly. Samples of each unirradiated original solu- 
tion should be titrated to obtain the initial concentra- 
tions. 


AN EXPERIMENT TO DETERMINE A 
PHOTOCHEMICAL QUANTUM YIELD 


ARTHUR A. VERNON and GEORGE S. FORBES 
Northeastern University, Boston, Massachusetts 


It is important to stress the difference in the reactions 
of potassium permanganate with oxalic and malonic 
acid. They are represented by the equations: 


2KMnQ, + 5(COOH), + 3H:SO0, ———> 
2MnSO, + K,SO, + 10CO, + 8H,0 


6KMnO, + 5CH.(COOH), + 9H.SO, ———> 
6MnSQ, + 3K2SO, + 10CO, + 5HCOOH + 
1.0 ml. of 0.04 N potassium permanganate is euiv- 
alent to 2.0 X 10- moles of oxalic acid or 0.66 x 10° 
moles of malonic acid. From the decrease in the num- 
ber of molecules of oxalic acid during exposure aid the 
known quantum yield, the total quanta absorbed !»y the 
solution can be calculated. Similarly, from the de- 
crease in the number of molecules of malonic acid uring 
exposure the quantum yield of malonic acid phoiolysis 
can be obtained assuming complete absorbance fc each 
solution. 
A quantum yield of 0.27 has been reported for the 
photolysis of malonic acid in the presence of uran)! ions 
with only slight variation with wave length.” e 


1 Forsss, G. 8. anp W. Leiauton, J. Am. Chem. Soc., 52, 3139 
(1930). 


? Prerce, W. C., A. Leviton, anp W. A. Noyes, Jr., |. A™- 
Chem. Soc., 51, 80 (1929). 
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CHEMISTRY 


Tz aims of the laboratory work in the usual under- 
graduate course in physical chemistry are probably well 
agreed upon. The students should become familiar 
with the methods of making physical measurements 
and with the application of these methods to experi- 
mental problems. The work should be made as 
challenging as possible to the student, and where 
feasible he should be given responsibility for planning 
and executing experiments. Indeed, perhaps the most 
important aim is the development of proper approach 
to laboratory experiment, and hence to research. 

The degree to which these aims are met by laboratory 
programs varies widely, but on the average one would 
guess that results are not very satisfactory. Many 
factors make for difficulty in successful handling of the 
laboratory. One of the most important of these is 
the relatively large amount of specialized apparatus 
which the student must be called upon to use and under- 
stand. The apparent need for efficient use of labora- 
tory time often makes for considerable overplanning of 
the experiments by the instructor. Equipment may be 
essentially completely set up, very detailed written 
instruction may be given, and a standard fill-in form 
for submitting the report may even be available. The 
obvious result of all this is surely efficiency of a sort 
but is often a complete failure to meet the rea] purpose 
of the laboratory. Students are simply overwhelmed 
by direction and rush through the experiment blindly, 
with almost no understanding of what they are doing 
and certainly with no feeling that they have conceived 
and planned the work. Very little thought is in- 
volved in their work and very little of lasting value is 
gained. 

With the hope that something might be done to 
achieve to a greater degree our actual aims, we have 
recently adopted a rather different approach to the 
laboratory program. Though our approach originated 
here, we find that the general principles are those 
which have been employed in several other college 
laboratories. 

Work in the fall term is centered about measure- 
ments on unknown liquids, one of which is given to 
each student. He is responsible for obtaining, by the 
end of the first ten weeks, values for ten assigned 
physical properties. The methods he will use, as well 
as the actual experimental procedures, are left to him 
todecide. As part of his work he is to submit a written 
report; on each property which he has measured. The 
required measurements (at 30°C.) are: 


density (two methods) normal boiling point 
viscosity vapor pressure 
surface tension (two methods) molar heat of vaporization 
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A LABORATORY PROGRAM IN PHYSICAL 


J. SLOWINSKI, JR. 
University of Connecticut, Storrs, Connecticut 


specific heat 
molecular weight 


refractive index 
freezing point 


Discussions of possible methods for making the 
measurements are available to the student in his 
assigned . laboratory text (‘Experimental Physical 
Chemistry,’ Dantes ef al., McGraw-Hill Book Co., 
Inc.). Use of other sources is encouraged, and in the 
course of the program students have used other labora- 
tory manuals, issues of THIs JoURNAL, and on some 
occasions have gone to the original literature. Most 
of the students also own a chemical handbook and 
refer when necessary to the “International Critical 
Tables.” Frequent discussions between students and 
laboratory supervisors are held regarding problems of 
technique and procedure. Students are allowed to 
work in pairs, doing both unknowns, since this seems 
to result in better efficiency and a better learning 
experience. 

Though it is not part of the assignment, students 
frequently, toward the end of the ten weeks, identify 
their compound, and hence are able to check their 
results with the literature values. They are not 
informed, however, whether the identification is correct 
until their reports are graded, since the liquid is an 
“unknown” and we wish to put no pressure on the 
student to obtain a “correct” result. 

Students may submit written reports on their work 
at any time, but by the end of the ten-week period all 
reports must be in; late reports get no credit. The 
written report must include the following: a statement 
of the property which was measured, the method which 
was used, a discussion of the theoretical and practical 
significance of the property, the actual experimental 
procedure, the experimental results which were ob- 
tained, the calculations of the value of the property, 
and an analysis and estimation of the errors involved. 
Experiments in which calculations are incorrect are 
returned without a grade to the student to be corrected 
and resubmitted. 


‘~ Equipment for the program has in many cases been 
/ constructed here, since it involves only rather ele- 
Jmentary glassblowing. For our laboratory sessions, 


which average about ten students, the following 
equipment has proved to be very adequate: six 
pycnometers, two Westphal balances, four Ostwald 
viscometers, three sets of capillary-rise apparatus, two 


du Nuoy tensiometers, an Abbé refractometer, two 


Menzies-type isoteniscopes, a half-dozen 500-ml. Dewar 


flasks, an isothermal (Bunsen) calorimeter, a small 


(15-ml.) Dewar calorimeter, and four Victor Meyer 


setups. 


The unknowns are stable, pure organic liquids, 
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having boiling points between about 60° and 110°C. 
Suitable materials were found by scanning the organic 
chemicals section of one of the chemical handbooks. 
A better source might well be the organic chemicals 
catalogue of one of the larger producers, since there one 
can find available purities and also costs. A list of 
twenty-five compounds which have proved satisfactory 
is given below and could easily be extended. Some 
of the more common organic liquids (benzene, carbon 
tetrachloride, acetone, ethanol) have not been used as 
unknowns since too easy identification of the substance 
seems undesirable. About 150 ml. of sample is 
adequate for all the measurements. 


Organic Liquids Suitable as Physical Properties Unknowns: 
acetonitrile methyl acetate 
tert-amy] chloride methyl! cyclohexane 
sec-butyl alcohol methyl ethyl ketone 
tert-butyl alcohol methyl isopropyl ketone 
tert-butyl bromide methyl propy] ketdéhe 
n-butyl] chloride methyl propionate 


cyclohexane isopropyl acetate 
cyclohexene isopropyl alcohol 
dioxane n-propyl! alcohol 


ethyl propionate isopropyl! ether 


ethylene chloride n-propyl formate 
fluorobenzene trichloroethylene 
hexane 


a CHEMICAL RESEARCH IN LIBERAL ARTS 
COLLEGES, 1952-56 


A cueck of the 375,000 abstracts in Chemical Abstracts 
for the five-year period, 1952-56, will give as compre- 
hensive a survey of research published by liberal arts 
colleges as is available. Not all abstracts in Chemical 
Abstracts, however, give the addresses of the authors, 
and some research published in borderline fields is not 
included (papers appearing in the voluminous medical 
journals particularly are often last to C.A.), but no 
other publication can make a more valid claim to the 
title, ‘‘ Key to the World’s Chemical Literature.” 

An earlier survey of the pages of the Journal of the 
American Chemical Society for 1927-41 showed that 
liberal arts colleges contributed less than two per cent 
of the research published in this leading theoretical 
journal.!. Only 62 liberal arts colleges published 
anything in the Journal of the American Chemical 
Society during the 15-year period. In contrast, a 
check of Chemical Abstracts shows that during the last 
five years 162 liberal arts colleges had 736 articles 
abstracted during the period 1952-56. The 7th 
Edition (1953) of the“ College Blue Book”’ has been used 


1 Sampey, J. R., J. Higher Educ., 20, 208 (1949). 
2 Sampey, J. R., J. Cuem. Epuc., 27, 69 (1950). 


The results obtained with classes given this assign- 
ment have been excellent. Student interest, which 
frequently lags in laboratory courses in physival 
chemistry, has been quite high. Many students 
appreciate the opportunity to work on their own, and 
show real pride in good technique and in developing 


_ successful procedures. Written reports, as well as 


the experimental results, vary in quality but often 
show that the student has done some outside reading 
and has put some thought and effort into what he has 
written and calculated. Certainly the experience of 
writing in technical language is valuable. 

The remainder of the laboratory course attempts to 
continue the approach of the first ten weeks by 
assigning general problems and leaving the methods 
and details of procedure as much as possible to the 
student. For example, to complete the work of the 
first semester, each student does an experiment in- 
volving one of the colligative properties of solutions 
and, as part of the experiment, evaluates the molec- 
ular weight of an unknown solid. By the end of a 
year of working with such problems as these, many 
students demonstrate an ability to plan and properly 
carry out experiments of a difficulty well above that 
ordinarily encountered in undergraduate work. 


JOHN R. SAMPEY 


Furman University, 
Greenville, South Carolina 


to determine the liberal arts status of the colleges. 
Institutions granting the Ph.D. degree, or that have 
professional schools of engineering, medicine, pharmacy, 
etc., have not been classed as liberal arts. 

Chemical research in liberal arts colleges is con- 
centrated in a relatively small number of these institu- 
tions. Only 38 colleges averaged one or more articles 
a year for the five-year period, and yet these 38 account- 
ed for 531 contributions, leaving 124 colleges to total 
205 publications. A list of the most productive 
institutions is given in the table. 

The geographical distribution of these 38 colleges is 
as follows: 18 colleges in the North Central »tates 
accounted for more than one-half of the total (242); 
New England states had 8 institutions publishing 149 
articles, and the same number of southern colleges 
published 102 papers, leaving 4 western colleges the 
remaining 38 articles. This distribution offers some 
interesting comparisons with that noted for |iberal 
arts colleges contributing to the Journal of Chemical 
Education for the 15 years, 1934-48.” 

One-half of the most productive liberal arts colleges 
are denominationally controlled, and one-half are 
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supported by private endowments or state and munici- 
pal funds. The denominational group contributed 244 
research reports, leaving 287 papers for the 19 institu- 
tions supported by private or public funds. 

Is there any correlation between the publication of 
research by liberal arts colleges and the training of 
leaders in science? A study by Knapp and Goodrich? 
showed that graduates from liberal arts colleges for the 
decade 1924-34 led all other types of educational 
institutions in the number who continued their scien- 
tific training to the doctorate level. A comparison of 
their list of 50 most productive institutions with the 
tabulation of the present study shows the presence of 
13 liberal arts colleges on both lists. These 13 are: 
Antioch, Brigham Young, College of Wooster, Grinnell, 
Haverford, Hope, Lebanon Valley, Miami (Ohio), 
Oberlin, Pomona, Reed, St. Olaf and Wesleyan (Conn.), 
Only 5 other colleges on Knapp and Goodrich’s list of 
the 50 most productive institutions in the training of 
Ph.D’s had any publications in the present study of 
research in liberal arts colleges. 

A check at a much higher level of scientific achieve- 
ment has been made by a study of the academic origins 
of members of the National Academy of Sciences.‘ 
Fifty liberal arts colleges trained 75 members listed on 
the April 1956 roster of the Academy. Twenty-nine 
of these members received their undergraduate training 
in 11 of the liberal arts colleges with the most publica- 
tions during 1952-56: Ambherst 7 members, Brigham 
Young 2, College of Wooster 4, Furman 1, Grinnell 3, 
Haverford 1, Hope 1, Lebanon Valley 1, Oberlin 3, 
Pomona 4, and Wesleyan 2. Twenty-three liberal 
arts colleges with from one to four publications in 
C.A. during the last five years account for 28 more 
members of the National Academy. 


5 Knapp, R. H., anp H. B. Goopricu, Science, 113, 543 (1951). 
‘Samper, J. R., in press. 
5Sampgy, J. R., J. Coem.Epuc., 30, 256 (1953.) 


A study of the academic origins of the leadership of 
the American Chemical Society as represented by past- 
presidents and recipients of the 11 awards administered 
by the Society,5 showed that 27 were graduates of 
liberal arts colleges. Five colleges listed in the ac- 
companying table account for 8 of these A.C.S. leaders: 
Amherst 1, Grinnell 3, Haverford 2, Lebanon Valley 1, 
and Wesleyan 1. 

It will be more significant to note what leadership in 
science is produced during the next two or three 
decades by the 38 liberal arts colleges most active in 
research during 1952-56. 


Number of Abstracts in Chemical Abstracts, 1952-56, from 
Liberal Arts Colleges 


No. No. 
of ab- of ab- 
Institution stracts Institution stracts 

Brooklyn Coll.™: ! 56 Richmond": ! 11 
Amherst 50 Centenary! 10 
Bryn Mawr: ™ 28 Queens™: ! 10 
Antioch* 27 Mt. Mercy* 9 
Furman™ 27 ~=Coll. of Wooster 7 
Mount Holyoke™ 21 ~= Florida Southern™: ! 7 
Carson-Newman* 19 Tex. StateC. Women™:, 7 
Smith™: ! 19 Trinity™: * 7 
Wesleyan (Conn.)™: * 18 Brigham Young™: ! 6 
Canisius™ 16 ~=Coll. of St. Thomas™: ! 6 
Oberlin™: ! 16 ~=Franklin Marshall™ 6 
So. Ill. State™: ! 16 Grinnell 6 
Pomona* 15 Miami (Ohio)™: ! 6 
Fisk™: * 14. St. Olaf 6 
Providence 13. Vassar™ 6 
Boston Coll.™: ! 12 Connecticut* 5 
Haverford™: * 12 Hope: 5 
Coll. of Holy Cross’ 11 ~Lebanon Valley* 5 
Reed™: * 11 Wheaton™ 5 


m = Master’s degree given by institution but not always in 
chemistry. 
so enrollment of 2000 or more in 1953 “College Blue 
8 = Small enrollment of 1000 or less in 1953 ‘College Blue 


IF YOU HAVE A TESTED DEMONSTRATION, SHARE IT! 


TuE series of ‘“Tested Demonstrations” appearing in THIs JoURNAL each month is a cooperative 
project. Its continued success depends on finding the best demonstrations which liven the chem- 
istry lectures of the world’s colleges and universities. Others cannot share your success unless you 
tell them of your favorite demonstrations. After all, you are sharing those of others, do you not 


owe them something? 


The best thing you can do is to send us your contribution in the format being used (see page A303 
of this issue). Be as brief as possible, yet be clear. We admit some editorial puzzles have stumped 
us, but we are learning. The worst headache we could have would be caused by a blank page. 
Please do not let your modesty or indifference make us reach for the aspirin. 

The next best thing you can do is to send in a topic for which you would like to see a demonstra- 
tion. Often such a query will supply the mental activation energy to push an idea over the 
potential barrier in someone else’s mind. Many clever adaptations of old ideas to new situations 


have occurred just this way. 


Contributors to this series receive twenty reprints free. Please send your comments and 
contributions direct to the Chairman of the Division’s Committee on Tested Demonstrations — 
the member of the Editorial Board of this Journal responsible for their publication: 


Professor Frederic B. Dutton 
Science and Mathematics Teaching Center 
Michigan State University 


East Lansing, Michigan 
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Ix rue United States fifty years ago there were packed 
annually 50 million cases of canned foods; in 1955, 
630 million cases. Since 1934 the income per acre to 
the growers of six major vegetables for canning in- 
creased by an average of 422%; of 10 major fruits by 
an average of 260%. ‘There is no “below parity” in 
this area of agriculture. Giving retail prices over the 
period 1935-39 a base rating of 100, the price of all 
commodities in 1953 was up to 191.3; of all foods to 
227.8; but of canned foods to only 164.0. Each year 
canners process over half the total vegetables grown. 
It is not uncommon for the price of the canned article 
to be less than the uncanned item even when in season 
in a given locality. 

What lies back of this development? It is the effect 
of the fundamental research sponsored by the National 
Canners Association. This established the funda- 
mental principles for successful canning and won the 
confidence of the consuming public in the wholesome- 
ness and nutritive value of canned foods. 

The research work of Dr. Edward F. Kohman stands 
out to deserve special recognition. Dr. Kohman 
joined the National Canners Association upon being 
discharged from the Army of the First World War. 
He first worked as a member of a team of three in 
developing an enamel in which is suspended zinc 
oxide to capture as white zinc sulfide the sulfide 
evolved in canning corn. The accumulation of un- 
sightly jet-black ferrous sulfide on the corn is thus 
prevented. 


RESEARCH PROBLEMS IN CANNING 


In spite of many thousands of dollars having been 
spent in a study of tin plate, up to that time there was 
only confusion about the serious losses from corrosion 
with canned fruits. Apples‘ presented the major 
difficulty, at times perforating the can in a few months. 
Coating the inside of the can with an inert material 
such as enamel actually hastened the perforations. 

Kohman requested permission to work on the 
problem. In a short time he demonstrated that 
oxygen was the main source of trouble. He was able 


to show the effect of as little as 1 cc. of oxygen in a 
600-cc. can. The enigma of increased perforations 
due to enameling the can was clarified by demonstrat- 
ing that, contrary to the standard electrochemical 
series, tin is anodic to iron in canned fruits and the 
enamel covers up its protective effect. 


THE SPIRIT OF TECHNOLOGICAL RESEARCH 


E. V. McCOLLUM 


Johns Hopkins University, 
Baltimore, Maryland 


Contributions of Edward F. Kohman to 
the Canning Industry 


Why then does tin 
not dissolve readily in 
fruit acids as does iron? 
Tin has the ability to 
coat itself with a layer 
of [“nascent”’] hydrogen 
which protects it from 
corrosion. The tin-iron 
relationship may be 
likened to the zinc-iron 
combination in galva- 
nized iron where zinc 
oxide protects the zinc 
while the anodic zinc in- 
hibits iron corrosion. 

The coating of hydro- 
gen has other far-reaching 
effects. It improves the flavor of many products and 
the brightness of color of nonpigmented products. 
Kohman has demonstrated this beneficial effect in 
many formulary products in inert containers by in- 
serting a strip of tin plate in them. It is his opinion 
that the hydrogen not only acts as an antioxidant but 
even corrects the effect of oxidation that might have 
taken place while preparing the food for canning. 

The far-reaching effect of such disclosures and their 
helpfulness to the canning industry is apparent. 
Early experiments in England and in the United 
States led to the conclusion that the heat of cooking 
destroys vitamin C. Kohman disagreed, saying that 
it was more likely that oxygen destroyed vitamin C in 
the cooking experiments. He conclusively proved that 
in the absence of oxygen vitamin C is not affected by 
the heat of canning. Cabbage and apples, canned in 
October, had in January, more vitamin C than raw 
stored cabbage and apples from the same lot. Subse- 
quently Kohman has shown that if there is any de 
hydroascorbic acid present at the time of sealing the 
can, either occurring naturally in some products or as 
a result of oxidation during preparation, it is in part 
reduced to ascorbic acid, which is stable, when the 
foods are heated for sterilization. 

Canners were long aware that viner-shelled peas 
acquired undesirable flavor in astonishingly short, | mes. 
It was believed to be due to the absorption of wee: and 
vine juices. Kohman demonstrated it to be due to 
bruising the peas which resulted in the sector und«« the 
bruised area undergoing anaerobic respiration. Similar 
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flavors were produced by holding hand-shelled peas in a 
partial anaerobic atmosphere. 

By ingenous experiments involving respiration he 
demonstrated that peas receive between two and three 
blows after they are knocked out of the pods but 
before they can escape from the curtain. Lima beans, 
being flat, escape more slowly and receive between five 
and six blows. The anaerobic respiration, if not 
minimized, simulates insipient putrescence by bacterial 
action and has been mistaken for it. 

Kohman recognized where enzymes are inimical to 
good food handling but also that at times they can be 
used to good advantage. He has shown how the 
flavor potency of certain products may be enhanced 
several fold at will. With onions he has developed a 
chemical method to determine the potency at any 


stage. This is probably the only instance in which a 
food flavor has been measured by a chemical method. 
The lachrymatory principle in onions which he identi- 
fied as a thioaldehyde may be the only known instance 
of a naturally occurring thioaldehyde. He has shown 
that the acid reaction of certain fruits, cranberries, 
plums, prunes, etc., upon being metabolized, is due to 
quinic acid in them, equivalent to nearly one per cent 
of benzoic acid. 

Dr. Kohman well illustrates how intense personal 
interest in a worthwhile subject is the basis for living a 
satisfying life. Constructive thought and laboratory 
work can be as gratifying to the mind as sports, games, 
music, or art, and when a gifted mind is applied to 
problems of importance the whole world benefits. 


s AIDS IN TEACHING STEREOCHEMISTRY: 


PLANE PROJECTION DIAGRAMS 


T ue use of ball-and-stick and other three-dimensional 
models in lectures on stereochemistry has the dis- 
advantage that the lecturer is usually already familiar 
with the shapes of the molecules he is discussing while 
the student may be seeing them for the first time and at 
longer range. The transposition from three dimen- 
sional models to plane projection diagrams is even 
worse. The lecturer must convince the student that 
if the drawing on the blackboard were to be rotated in 
certain ways he could get certain information about the 
stereochemistry involved. This is difficult, especially 
when it comes to differentiating between the relative 
positions of groups after rotation in the plane of the 
blackboard and out of the plane of the blackboard. 

The use of plane projection diagrams on cards which 
can be rotated is helpful. The disadvantage is that, 
if the cards are superimposed, the top card obscures the 
one underneath. Using transparent plastic “cards” 
overcomes this objection. It is convenient to seal 
bar magnets into the plastic sheets on which drawings 
have been. made so that they can be supported on a 
“blackboard” of sheet iron and may be rotated and 
superimposed with ease. Thus, as shown in the 
accompanying diagram, the bar magnets! (shaded) 
were fitted into */,.-in. Plexiglass. 

The diagrams on the sheets are easily made with 
dises of colored plastic tape to represent groups or 
with glass-writing wax pencils. Discs are more satis- 
factory for use with beginning students since a non- 
symmetrical collection of letters such as —COOH, 


‘ Available from Empire Magnetics, Inc., Maumee, Ohio. 
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Texas Technological College, 
Lubbock, Texas 


—OH, —SO;H does not look the same when it is 
turned backwards or upside down nor is superimpos- 


ability of plane diagrams any clearer. The use of 
plastic sheets has an added advantage, because by 
using dashed and solid lines to designate bonds lying 
above or below the plane of the sheet it is possible 
when superimposing. sheets to point out easily the 
spatial differences among the superimposed bonds. 


O O 

©) 


O 


A B Cc 
A, front view of a plastic sheet showing the plane projection of a tri- 


hydroxyglutaric acid; B, side view of a plastic sheet; C, front view after 
rotating the mirror image of A 180° in the plane of the “blackboard” and 


superimposing it on A. 
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TEACHERS 


Dorine the Summer Quarter of 1956-57 I gave a 
course in general chemistry to fourteen high-school 
science teachers selected from the western half of the 
United States under the Shell Merit Fellowship 
Program at Stanford University, where I regularly 
teach general chemistry and do research in organic 
chemistry. It is believed that some observations on 
the content and conduct of the course may prove useful 
to those engaged in similar activities in the future. 

The point of view adopted as far as content is con- 
cerned recognized that research activity which requires 
a university scientist to keep in touch with the develop- 
ing frontier of his subject unfortunately has no similarly 
stimulating counterpart in the life of the high-school 
science teacher, no matter what the depth of his 
devotion to his subject. Therefore, the course was 
conceived by the lecturer as one whose primary purpose 
was to clarify the understanding of fundamental 
chemical concepts and bring the high-school teachers 
up-to-date by presenting those aspects of chemical 
theory which have developed rapidly in the last ten 
years. To secure this purpose in part, the course was 
limited in enrollment to the homogeneous group of 
high-school teachers, it being felt that inclusion of 
graduate or other students who desired a review of 
general chemistry for personal purposes would put a 
' check-rein by their very presence on the free discussion 
E which was hoped would and did in fact develop. 

To select the content of the course of forty lecturers, 
the instructor asked the students what chemical 
subjects they most desired to hear discussed. While 
this selection was being made, he himself, drew up a 
list of topics which he conceived to be important. 
That there was almost a one-to-one correspondence 
between the students’ private choices and those of the 
instructor, could be interpreted in many ways. In 
any event it certainly made the summer’s work fun 
from everyone’s point of view. That is not to say 
that the summer was an easy one, for, although I can 
speak only for the lecturer, it was without a doubt the 
most difficult job of teaching that he has ever done, and 
I suspect that the group enthusiasm exacted great 
effort from the students as well. But why not? Put 
fifteen highly intelligent people together who are 
interested in the same subject and what would anyone 
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expect? The subject exacted from all of us, every- 
thing of which we were capable. From the lecturer’s 
point of view, it was most stimulating to sell his 
concept of his favorite subject to an audience of 
intellectual sponges who wanted most desperately to 
absorb and digest everything they were introduced to. 
But the flow was not all one way by any means. The 
lecturer got much in the way of understanding the 
problems of students from the high-school teachers. 
After all, the high-school student in chemistry is not 
far removed in maturity from the college freshman, and 
the lecturer feels sure that his teaching has benefited 
from the group experience. The esprit de corps and the 
enthusiasm which made possible this exchange would 
have been killed by the presence of outsiders whose 
special competence in other areas would have destroyed 
the atmosphere of free discussion. 

What, then, was discussed? First, the Law of 
Definite Composition and the nature of ‘“pure’’ sub- 
stances in the modern context. Naturally from this 
topic came a discussion of fundamental particles and 
isotopes, and thence, the development of a clear under- 
standing of the difference between the Law of Conser- 
vation of Matter (weight of reactants = weight of 
products) and the Law of Conservation of Mass 
(matter mass + energy mass of reactants = matter 
mass + energy mass of products) and E = me’. 
Useful in scaling the energy quantities in the later 
part of this discussion was the definition of energy 
quantities all the way from van der Waal’s inter- 
molecular forces to the magnitude of the forces bonding 
nucleons and the energies released in nuclear reactions. 
With the scale of energies defined, radioactivity was 
treated briefly from the point of view of the processes 
involved and the corresponding changes in mass and 
atomic number; and then, attention was directed to 
the chemical forces. 

The discussion of the types of chemical bonds was 
in terms of the two extremes— ionic and covalent— 
and was preceded by development of the electron 
configurations of the atoms in their lowest cnergy 
states, using the orbital as the fundamental bu'lding 
block out of which were constructed sub-shells and 
principal shells following in a non-mathematica! way 
C. A. Coulson (“Valence,’’ Oxford University Press, 
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London, 1952). Ionic bonds were regarded as being 
formed by electron‘transfer between atomic orbitals, and 
covalent bonds were treated from the molecular orbital 
or ‘polynuclear atom’’ point of view using linear 
combination of atomic orbitals and hybridization to 
arrive at the qualitative geometrical aspects of covalent 
binding. Polar covalence was introduced using electro- 
negativity, ionization potential and electron affinities 
to rationalize the existence of dipoles. Secondary 
forces were discussed under van der Waal’s and dipole- 
dipole interaction. 

With the polar covalent bond concept well in hand, 
attention was turned to the destruction and formation 
of covalent bonds in the reactions of proton acids with 
bases. The treatment of this subject was in terms of 
the Bronsted-Lowry General Acid-Base Theory and in 
addition to discussion of proton-transfer reactions in 
water solutions, the application of the theory to the 
non-aqueous system, concentrated sulfuric acid was 
developed following L. P. Hammett (“Physical Organic 
Chemistry,”” McGraw-Hill, New York, 1940, Chapt. IT), 
and using such examples as (C.H;).0 + HSO, = 


+ 
(C:H;)OH + HSO,-, citing freezing-point lowering 
results to support the theory. 

As a prelude to the discussion of acids and bases, 
clear distinction was made between component and 
species concentration, and the part played by the lat- 
ter in equilibrium constant expressions was developed. 
The quarter was brought to a close with application of 
chemical equilibrium concepts to oxidation reduction 
reactions, electrode processes and batteries. 

Aside from the formal lectures, the students were on 
several occasions taken through the chemistry depart- 
ment research laboratories to see the means by which 
modern chemical investigations are prosecuted. These 
tours were timed so that the particular processes 
studied in operation corresponded to the material 
under discussion in lecture at the time. Thus, when 
the definition of “pure substance” was under lecture 
discussion, the laboratory examination revealed frac- 
tionation and chromatographic columns, the appara- 
tus for liquid-vapor partition chromatography, and 
the ultracentrifuge. With radioactivity came methods 
of counting radioactive decay events and the use of 
tracers in organic reactions, and when covalent bonds 
were discussed, recourse was had to the machines used 
to measure the absorption of ultraviolet and infrared 
radiation by molecules. 

It is hoped that this brief review of what went on at 
Stanford in the chemistry course under the Shell 
Merit Fellowship program will be of service to in- 
structors engaged in constructing similar courses. 
Over-all, the treatment was qualitative rather than 
quantitative, and aimed at engendering an under- 
standing of the present state of the science of chemistry 
in terms of broad concepts and their relationships. 

The text was used as a reference book, and was 
“Principles of Chemistry” by Hildebrand and Powell 
combined volume with “Reference Book of Inorganic 
Chemistry,” by Latimer and Hildebrand [The Mac- 
milla Company, New York, 1952. ] 

A topical outline of the subjects covered in the 
forty lectures during the eight weeks follows. 
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Il. 


Ill. 


IV. 


VII. 


Introduction 
Pure Substances 
Classification of Systems 
Heterogenous, homogenous 
Accuracy and Precision 
Physical numbers, arithmetical numbers 
Forces 
Magnitudes of Binding Forces 
Van der Waal forces, chemical bonds, intra-nuclear 
The Law of Conservation of Mass 
Phlogiston Theory 
Energy-Mass Equivalence 
Fundamental Particles 
Properties of Cathode Rays 
Quantitative Properties of Electrons 
e/m, 
Canal Rays 

Properties, hydrogen as residual gas, helium as residual 

gas 
Prout’s Hypothesis 
Mass Defect 
Characterization of Atoms 

Determination of atomic number, mass number, iso- 
topes, atomic mass, the mass spectrograph 

Radioactivity 

The Geiger counter, radioactive decay series, rule for 
stability of nuclei, synthetic isotopes, K-electron 
capture 

Electron Cloud (from atomic spectra) 

Postulates of quantum theory, energy levels of hydro- 
gen atom, Heisenberg uncertainty principle, develop- 
ment of Schrédinger equation, application to hydro- 
gen and heavier atoms, energy sequence of subshells, 
electron configuration of the elements, Pauli’s ex- 
clusion principle, Hund’s rule. 

Chemical Bonds 

Examples of No Bond 

Ionic Bonds 

Covalent Bonds 

Molecules and Molecular Orbitals 
Geometry of molecules (H.O, NH;, HF) 

Hybridization of Atomic Orbitals 
8D, 

Oxidation States 

Variable “‘valence’’ 

Dipoles 

Effect of symmetry, dipole moment, dipole-dipole inter- 
action 

Hydrogen Bonding 

Dimerization, inter-molecular and intra-molecular bond- 

ing 
Acids and Bases 
Methods of Expressing Concentration 

Temperature-independent methods: 
mole fraction 

Temperature-dependent methods: grams solute per 
liter of solution, molarity or formality, normality 

Electrolytes 
Strong, weak; molar concentration of water, auto- 
protolysis of water 
Lowry-Bronsted Concept of Acids 
Proton donors and acceptors, conjugate acids and bases 
Equilibrium Constants 
Dissociation, hydrolysis, ion product of water 
Titrations 
Buffer Solutions 
Indicators 
End points and equivalence points, selection of indi- 
cators, measuring pH with indicators 
Electrochemistry 
Faraday’s Laws 
Displacement Series 
Quantitative Measure of Strength of Redox Agents 
Half-Cell Reactions 
Factors Influencing Electrode Potentials and Processes 
Batteries 


wt. %, molality, 


‘ 
| 
‘ 
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No one would pretend that the making of simple 
chemical apparatus belongs to the higher flights of re- 
search. However, something on these lines can be 
done under very difficult conditions, as the writer and 
colleagues, M. A. Fill and P. Heath, found out in 
England during and after World War II. Shortages of 
materials, time, technical assistance, and even of work- 
ing space, had to be faced. With the teaching labora- 
tories loaded nearly 12 hours a day, the reduction in 
accident-risk, atmospheric contamination, and storage 
requirements following the adoption of small-scale 
techniques in suitable instances enabled available ac- 
commodation to be utilized to the utmost. This led 
to the institution of a modest long-term project, which 
still continues on a transatlantic basis, for the design 
and construction of small-scale apparatus (3). After 
some years, we were surprised to receive applications for 
the manufacture and marketing of some of our devices. 
This was quite unexpected, since, with few exceptions, 
we have aimed at “apparatus that anyone can make.” 
Perhaps this may be illustrated by reference to micro- 


tL 


Figure 1. Simple Shielded Micro-burner 


(a) Clip-on tray; (6) micro water-bath. 


MICROCHEMICAL APPARATUS: 
A LONG-TERM PROJECT’ 


JOHN T. STOCK 
University of Connecticut, Storrs, Connecticut 


chemical devices for heating, stirring, and a few miscel- 
laneous operations. 


HEATING DEVICES 


A tiny gas flame provides ample heating for many 
microchemical operations. Direct heating is quite satis- 
factoryfor brief treatment such as employed in inorganic 
qualitative analysis, but when used for prolonged op- 
erations such as refluxing or distilling, careful adjust- 
ment and ample flame-shielding are necessary. One 
simple form of shielded micro-burner (shown in Fig. 1) 
consists of an ordinary Bunsen burner from which the 
flame-tube has been removed and replaced by a small 
screw-capped reagent bottle with the bottom cut off (10). 
The bottle screws into its cap, which is held on the 
screw thread below the jet by means of a nut made from 
sheet lead. This can be forced on to the thread without 
damaging it. Air enters through 6 to 8 holes around 
the central hole in the cap, when a flame from 5 to 15 
mm. high burns quite steadily under ordinary laboratory 
conditions. 

Various attachments may be fitted to this simple 
device. For example, a snap-on arm will support a 
micro reaction assembly, while a clip-on wire-gauze 
tray (shown at (a)) is admirable for drying and warm- 
ing micro crystallizing tubes, etc. The micro water- 
bath, (b) made from a small beaker, may also be heated 
on this tray. A micro test tube or other smal! vessel 
may be adequately supported by slipping it within a 
rubber band stretched between two glass “ears”’ sealed 
on the rim of the beaker. Temperature may be re 
duced by pushing the bath towards a corner of the tray. 
Similar attachments are applicable to a more robust 
device which permits a considerable degree of control 
without altering the flame height (11, 12). 

For less-critical operations a little heater made !rom a 
block of wood, two strips of tinplate and a short length 
of thin brass tubing is useful (13). Another approach 
employs indirect heating with a larger fixed-heigh flame 
which is relatively insensitive to draughts and which 
heats a miniature hotplate (12). The heating e‘fect 1s 
controlled by varying the distance between the | ottom 


1 Presented at the joint meeting of the New England \ssocia- 
tion of Chemistry Teachers and the Connecticut Valley Section 
of the American Chemical Society, Weaver High School, H:rtford, 
Connecticut, April 13, 1957. 
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of the vessel to be heated and the surface of the hotplate. 
Using a soldering iron heating element, the device may 
be adapted for line operation (14, 15). In a form de- 
veloped as a commercial prototype (Fig. 2), rise and 
fal! of the hotplate is controlled by a knurled thumb- 
wheel. As shown by Figure 3, proximity control is 
particularly useful for micro-distillation, etc., of vola- 
tile liquids. 


Figure 2. Miniature Electric Hotplate 


A simple micro blowpipe constructed mainly from a 
large steel washer and two discs of copper foil has proved 
useful in the construction of apparatus from melting- 
point tubes and very thin glass rod. The very small 
requirement of compressed air is easily supplied by a 
simple reciprocating device operated by a filter pump 
(16). 


STIRRING DEVICES 


A feature of the micro-stirrer shown in Figure 4 is the 
“impact principle’ which ensures self-starting and re- 
liable operation (17). Filter-pump suction applied to 
the upper side tube causes the mercury, and hence the 
glass float, to rise in the guide tube. When considera- 
ble momentum has been gained, the float strikes the 
valve rod and drives it upwards thus producing the stir- 


Volume, ml. 


0 10 20 30 
Time, min. 


Figure 3. Distillation of Ether in ‘‘Quickfit"? Semimicro Assembly 
No. 1SMU3 


Distance between hotplate surface and bottom of flask: curve I, 5 mm., 
1,20 mm., 30 mm., 40 mm. 
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Figure 4. 


(a) “Slave” stirrer. 


ring motion and at the same time breaking the vacuum 
by opening the valve. As the moving parts fall by 
gravity, the valve closes and the cycle is repeated about 
3 times per second. The stroke of the interchangeable 
stirrer head may be adjusted within the approximate 
limits 1 to 10 mm. This unit will operate the “slave” 
stirrer (a) through several feet of rubber tubing con- 
nected to the lower side arm. The “slave,’’ which is 
operated by the pressure-waves set up by the pulsating 
mercury, is merely an easy-fitting glass piston sliding 
within a glass tubing cylinder and carrying a suitable 
stirrer head. The “slave” will operate in any position 
and, by rotating the knob attached to the stop screw, 
the stroke may be adjusted while running (/8). 

Rotation of the high speed micro-stirrer shown in 
Figure 5is effected by gentle filter-pump suction, when 
a stream of air from the 
jet impinges on the toothed 
rotor cut from an ordinary 
cork (79). At the same 
time, entry of secondary air 
between the sewing-needle 
spindle and its glass bearing 
lifts the spindle assembly 
slightly, giving almost fric- 
tionless running. An all- 
glass form which fits di- 
rectly into the standard 
taper of a semimicro re- 
action vessel has also been 
developed. 

The availability of cheap, 
reliable miniature electric 
motors of low current con- 
sumption? renders these at- 
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(a) 


2 The Ever Ready Co., Ltd., 


Holloway, London, N. 7, Eng- 
(a) Plan view of rotor. land. Type T.G. 18B. 


¢ 
s 
= 
o 
o 
o 
o 
‘ 
4 
| 
6 
‘ 
4 
| 


tractive power-sources for micro-stirring. In one form, 
four 1°/; inch diameter plastic reagent-bottle caps form 
a casing for the motor and controlling resistor. A 
hollow shank allows the unit to be mounted on a ring 
stand and carries the connecting leads to the battery. 
Other forms clip on to the neck of the reaction vessel 
or are equipped with a standard-taper male cone to fit 
directly into the top of a reflux condenser or other 
apparatus (20). 

In electrometric micro-titration, the mouth of the 
vessel is often nearly filled by the buret jet, electrode 
i system, etc. A miniature bar stirrer operated from 
7 underneath by a rotating magnet is then particularly 
= useful (4, 27). A suitable bar consists of a 5- to 7-mm. 
. length of sewing needle sealed up in a slightly longer 
y piece of melting-point tubing. For smooth running, 
the bar should not rotate at more than about 500 r.p.m. 
Set at this rate, however, these small motors will not 
start reliably. One remedy is to incorporate a booster 
button to supply an increased starting voltage. A 
better solution is the use of a motor having a 6 to 1 
reduction gear.* This permits the motor to run at a 
comparatively high speed and hence to perform reliably. 
As shown in Figure 6, the small slotted cylinder magnet‘ 
is merely cemented to the face of the larger gear wheel 
(22). To prevent a small vessel from ‘‘wandering”’ 


Figure 6. Miniature Magnetic Bar-type Stirrer 


during stirring, it is thrust within a rubber band 
stretched between brass bolts projecting from the 
stirrer platform. An alternative form of drive is a 
filter-pump-operated turbine which has a cork, balsa, 
or moulded plastic rotor (23, 24). 

When not causing difficulties such as foaming, loss by 
volatilization or interference with electrode processes, 
stirring by means of a stream of fine air bubbles is often 
very effective. When compressed air supply is not 
available, a simple electrical (25) or suction-operated 
(16) pump is useful. 


ELECTROCHEMICAL DEVICES 


Consisting mainly of a length of thin platinum wire 
sealed into each of two melting-point tubes, a conducto- 
metric micro-electrode system may be constructed in 
about 15 minutes (5). If the electrodes are left un- 
platinized, the assembly is useful for micro-scale 


5 Victory Industries, Ltd., Guildford, England. 

‘James Neill, Ltd., Sheffield, England; Type M4776A; 
Radio Shack Corporation, 230 Crown St., New Haven 10, Conn. 
No. R8128 ABC. 


“dead-stop end point” ti- 
trimetry. In conjunc- 

tion with a simple direct- a 
reading titrimeter, the fing 
assembly is useful for te 
conductometric titration 
(4), simple rate studies * 
(6), and for comparing P x 
the properties of weak s 
and strong electrolytes 
(6, 6). A convenient ind 
support for conducto- 
metric and other micro- * 
electrodes is shown in id 
Figure 7. The holder is ing 
bent up from a rectangle held 
of sheet brass and has a Quic 
hardwood stem to permit Say 
mounting on a ring stand the | 
(7). Stretched over wire Sonn 
hooks as shown, a thin ‘ 
rubber band rigidly holds for 
the electrodes in the the I 
notches. Two pairs of notches a few millimeters apart, ilies 
as shown, are useful if the electrode-pairs should not ae 
touch one another. Apparatus for polarography and dian: 
amperometric titration is easily made (8, 26); a cell Wi 
which is very useful for samples less than 1 ml. in vol- quite 
ume does however require some skill in glassblowing (9). dite 
QUALITATIVE ANALYSIS AND GENERAL on 
Owing to the favorable surface-to-volume ratio of Bele 
small volumes of solution, the so-called “pressure” IJ the ¢, 
method of saturation with hydrogen sulfide is very ef- ing in 
fective in semimicro inorganic qualitative analysis ports 
(30, 31). Very little gas is wasted, so that a normally- If 
charged Kipp generator lasts for months and, conse- projes 
quently, the laboratory atmosphere remains uncon- ways 
taminated. For individual use, a simple pump-action when 
high-pressure generator may be used (/, 32). = 
A compact unit for semimicro qualitative analysis (27) 
has been available commercially’ for some years. It tion, B 
has since been modified to permit the micro-scale “de- ; % 
mith | 


tection of elements” in organic compounds as well (28, 
29). This revised form is now in the pilot stage of 
commercial production. 

Intended mainly for the identification of organic com- 
pounds, a set of small-scale apparatus to our designs 
(24) went into production in 1951 and has recently been 
brought up to date. The set packs away into « small 
partitioned box, thus permitting easy checking and 
storage. Features are (7) standardization of neck and 
stem diameters, so that a single size of pre-bored cork 
may be used interchangeably, and (ii) use of simple 
spring clamps for easy assembly and dismantling. 4 
survey made soon after sales commenced showed that, 
in many cases, the sets were being used for teaching 
organic preparations in introductory courses. This i 
not surprising, since it is common British educational 
practice to include considerable amounts of chemistry. 
physics, and sometimes biology in all of the fins! three 
high-school years. In view of this demand, a versio! 
particularly suitable for preparative work has 1 cently 


5 Aimer Products, Ltd., 56 Rochester Place, London. N.W.1, 
England. 
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gone into production. This version incorporates a 
still-head which permits distillation to follow refluxing 
by mere interchange of a thermometer and a “cold- 
finger’ condenser (13). High-efficiency steam-distilla- 
tion devices are included in both versions; the design in 
one case is that of E. A. Robinson (2), one of the author’s 
past students. 

Now available on both sides of the Atlantic’ is a com- 
pa: t double-sided unit which was originally designed for 
demonstrating small-scale organic techniques. It in- 
cludes assemblies for micro-filtration, simple, fractional, 
steam, and vacuum distillation, etc., and has since 
proved valuable in research work and in mobile labora- 
tories. A hand-made prototype (24) was exhibited dur- 
ing the International Congress on Analytical Chemistry, 
held at Oxford, England, in 1952. At the invitation of 
Quickfit and Quartz, Ltd., we collaborated with their 
Development Department in getting the exhibit into 
the production form. Our services received an unusual 
form of acknowledgment, namely, the endowment of 
the “ Quickfit and Quartz” prize at Norwood Technical 
College, London. This prize is awarded annually to 
the best chemistry student of that particular year. As 
a teacher, it gives me no little satisfaction to know that 
our efforts will benefit, in perpetuity, a succession of 
deserving students. 

When the unit finally went on the market, it caused 
quite an interest in the technical press. Someone 
christened the unit “the vest-pocket laboratory’”’ and the 
name caught on. The interest spread to the lay press 
and, eventually, to the British Broadcasting Corporation. 
Before long, a film unit was on site, taking pictures for 
the television program, “‘Science Review.” The grow- 
ing interest in the United States is reflected in news re- 
ports and in two televised demonstrations. 

If one lesson has been learned from this long-term 
project, it is that there are usually many complicated 
ways of achieving a purpose. The work really begins 
when simplification is attempted. 


‘The ‘‘Microid’’ Semi-micro Organic Set.’’ Griffin and 
George Ltd., Alperton, Middlesex, England; The Ealing Corpora- 
tion, Box 90, Natick, Mass. 3 

7 Quickfit and Quartz, Ltd., Stone, Staffs., England, Arthur F. 
Smith Co., 311 Alexander St., Rochester 4, N. Y. 
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A Chem-Gem 


Tue following pearl is from the collection of the Sibyl of Berkeley. We cast it forth from these 
pages fully aware that (to mix the metaphor!) it may some day return to us as a contribution to 
the “Tested Demonstration” series. In fact, we can think of an east-coast Sibyl in whose cave 


this might well happen! 


The chemistry student should notice that chlorine 
Is stuff altogether distinct from a chorine. 


The chlorine, a gas, through a hole can escape, 
While the chorine possesses a definite shape. 


The chlorine is colored a yellowish green 
While the pink of the chorine is easily seen. 


For its chemical properties, study the chlorine, 


But for interesting physical aspects, the chorine. 


‘ 
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To the Editor: 

I am sorry that I did not include a description of the 
interpretation of the “Beating Heart Experiment” 
described in the March issue of the JouRNAL oF 
CHEMICAL EpucaTIon (p. A105). Since there has been 
some interest in this experiment, I hope you will find 
it possible to include the following description in the 
JOURNAL: 

The surface tension of mercury is a function of the 
electric charge on the liquid mercury. When the 
charge increases, the surface tension increases and the 
mercury tends to assume a more spherical shape. In 
the oxidizing medium where the mercury and the iron 
both find themselves, each is oxidized leaving some elec- 
trons on the solid iron and the liquid mercury. More 
charge is left on the iron due to its high reduction 
potential. When the iron touches the mercury, there- 
fore, this charge is transferred electrically, the mercury 
gets a higher negative charge and tends to assume a 
spherical shape, that is, contract. The oxidizing agent, 
dichromate ions, then removes the electric charge at 
the mercury surface and the mercury again flattens out. 
When it does so, it comes in contact with the iron, thus 
becoming recharged, and goes into the cyclical or beating 
procedure which is observed. 


J. A. CAMPBELL 
NATIONAL ScrENCE FouNDATION 
WasHIneTon 25, D. 


To the Editor: 

The discussion on the assignment of the p and L 
prefixes to the tartaric acids on the basis of the Wohl and 
the Freudenberg conventions was interesting (J. 
Cuem. Epvuc., March issue). It would seem to lay 
the foundation for a decision one way or the other. It 
occurs to me that it is worth stressing that if the Wohl 
convention is used, then the prefix of p-malic acid as 
given by Abernathy should logically be changed to 
make it consistent with the bottom asymmetric car- 
bon rule also. I believe this is implicit in Abernethy’s 
discussion, but it is not stressed. 


Roger A. PIcKERING 
UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


To the Editor: 

The following may be said in reference to the article 
by C. D. Nenitzescu (J. Cuem. Epuc., 34, 147 (1957)). 
Rather than the Wohl scheme confirming the Freuden- 
berg system, it would seem that the opposite would be 
true. This may be seen by the following series of 
reactions, comprising both schemes: 


CHO CN COOH 
HOOH > > HodH 
H,OH HOOH 
H.OH OOH 


COOH CONH: 
HOOH HCOH 


H COOH boon 
CH:OH CH,OH 


HCOH HCOH 
boon xo 


It would seem, then, that p-glyceraldehyde was 
equivalent to L-glyceraldehyde. What has happened is 
that conversion of the (—)-tartaric acid to glyceric acid 
has resulted in reversal of the positions of the primary 
alcohol and aldehyde groupings, while the hydroxy] of 
the secondary group remains projected to the right. 
It would be more logical, then, to equate the two hy- 
droxyl groups concerned before such a change has 
occurred, rather than after. 


JULES FREEDMAN 


1759 Roap 
Brooktyn 23, New YorK 


To the Editor: 

We wish to protest the treatment of our manuscript 
entitled, ‘Concentration Cells—A Simple Lecture 
Demonstration.”” At your suggestion we agreed that 
this contribution should be editorially shortened and 
included in the new series of “Tested Lecture Demon- 
strations.” 

On March 29 we received, the first intimation, (a page 
proof) of the form which actually appeared in the Apri 
issue. This allowed no possibility of revision, and 
consequently we feel that an unchecked proof has been 
printed. Although the contribution is a minor one, we 
feel that we should have been given opportunity 
to make modifications. 

There is a serious omission from the material we 
submitted: The demonstration should commence with 
both electrodes in the same solution. This is t« show 
that any e.m.f. later developed is due to differences i 
the environments of the electrodes and not to the elec- 
trodes themselves. 


Joun T. Srock 
C, Prapy 


Tue UNIVERSITY OF CONNECTICUT 
Storrs, CoNNECTICUT 
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CHEMISTRY IN ACTION 


George M. Rawlins, Professor of Chem- 
istry, Austin Peay State College, Clarks- 
ville, Tennessee, and Alden H. Struble, 
late teacher of Chemistry, Western High 
School, Washington, D. C. Third edition. 
D. C. Heath & Co., Boston, Massachusetts, 
1956. viii + 591 pp. Many figs. and 
tables. 17 X 24cm. $4.40. 


Like the earlier editions, this new 
“Chemistry in Action’’ is an attractive 
book, with an easy-to-read print, a 
double column format, and generous 
margins. It is profusely illustrated; 
practically every page carries photographs 
or simple teaching diagrams or both. The 
liberal use of color is mentioned by the 
publishers as a teaching device. While it 
certainly gives point to many of the 
drawings in which it is used, the appear- 
ance of something in red on every page 
soon gets to be an old story, and the 
impact which its more sparing use would 
have given is somewhat lost. 

The text is divided into nine units, with 
47 subdivision chapters. At the end of 
each chapter is a summary in the form of 
two groups of questions: the first designed 
as a review of the chapter, the second to 
test the ability to apply the material to 
new situations. Similarly, a group of 
questions summarizes each unit and is 
followed by a list of topics or projects for 
further study. A fine feature of the 
earlier editions, a You Will Like to Read 
list, has been retained. The appendix 
contains more than the usual amount of 
useful information. Most valuable is an 
annotated list of films, including informa- 
tion about where they may be obtained. 
Supplementary material includes a 
Teacher's Handbook, a laboratory manual, 
with a teacher’s key, two sets of tests of 
equal difficulty with accompanying keys. 

The longest unit is The Wonder Element 
Carbon, the best material and writing in 
the book. The photographs are excellent; 
the well-selected subject matter is pre- 
sented in an appealing manner. Here is 
the answer to a long-felt need on the part 
of those teachers who wish to put more 
emphasis on organic chemistry. 

The revision introduces “many modern 
chemical developments’’ and presents 
concepts in a modern manner. Thus, the 
acidity of an aluminum sulfate solution 
is attributed to Al(OH) +? and to Al(OH). + 
and no: to aluminum hydroxide, and the 
alkalini' y of a solution of sodium carbonate 
to HCO,;~ and not to carbonic acid. In 
discussing acids, however, the authors 
speak of the hydronium ion, give an 
equation for its formation, and then say 
that for the sake of simplicity they will use 
H* tc indicate the hydronium ion. 
Therea:ier H* appears until, 186 pages 
later, an equation is given for the ioni- 
tation of hydrochloric acid which shows 
the formation of the hydronium ion. 
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Such treatment cannot help being con- 
fusing to the student. If he can master 
Al(OH)*? and Al(OH):* he is equally 
capable of managing H;O*. 

The thing which really disturbs me 
about the book is that a good text has 
shoved the periodic classification of the 
elements toward the rear cover, making it 
more or less of an extra to be learned 
rather than giving it its proper place as 
an invaluable tool to be used throughout 
the entire year. Atomic structure is 
introduced and used without benefit of 
the Periodic Chart. This sequence of 
subject matter leaves the student with the 
impression that the atomic theory is the 
fact, and that on it we base the periodicity 
of the elements, an unfortunate reversal 
of the real situation. 

But, after all, the proof of any pudding 
is in the eating. In my own school 
“Chemistry in Action’’ has been in use 
this year. In the hands of an inexperienced 
teacher with a class of only average 
ability (as distinct from our “honors’’ 
section) the work has been successful. 
I have sat in on a good many sessions, and 
I am constantly amazed at the good, 
hard, “‘unwatered-down’’ chemistry which 
is being taught. Much of this I attribute 
to the clarity of presentation and: “teach- 
ability’ of the text. What more can one 
say? 


DOROTHY W. GIFFORD 
Lincoutn ScHoou 
Provipence, Ruope Istanp 


ELEMENTARY QUALITATIVE ANALYSIS 


Morris F. Stubbs, Professor of Chemistry, 
New Mexico Institute of Mining and Tech- 
nology, and W. Norton Jones, Jr., Pro- 
fessor of Chemistry, McMurry College. 
William C. Brown Co., Dubuque, Iowa, 
1956. v+110pp. Sfigs. 22 28cm. 
Paper bound. $2. 


Henke in one volume is both a laboratory 
manual and a workbook for students 
studying equilibria in chemical reactions. 
The principal difference between it and 
other qualitative analysis laboratory 
manuals is that the student is directed to 
set up a scheme of analysis and separation 
after running preliminary tests for individ- 
ual ions. This is noteworthy for those 
who have some opportunity and method for 
screening students. It is doubtful, 
however, whether the first-year, run-of- 
the-mill student in most of our colleges is 
capable of determining a scheme of 
analysis and separation without individual 
guidance. 

The authors state in the preface that 
interferences will not be considered. The 
preliminary tests that are given show 
adequately the properties of the individ- 
ual ions. The student should be made 
aware, however, that interferences affect 


the separations and identification, and it 
might be pointed out that the scheme will 
fail, should certain ions be present. To 
give one example, in the ammonium 
hydroxide group, if both Fe** and Al** 
are present in a sample, the scheme 
developed for their separation and identi- 
fication will fail. 

The learning and teaching process 
would have been enhanced had the book 
used chemical formulas following the 
word formula in the discussion of the 
preliminary tests. 

MAUD B. PURDY 
Lovis1ana State UNIVERSITY 
Baton Roveeg, Louisiana 


QUANTITATIVE CHEMICAL ANALYSIS 


Robert B. Fischer, Associate Professor of 
Chemistry, Indiana University. W. B. 
Saunders Co., Philadelphia and London, 
1956. vii + 40 pp. 91 figs. 16 X 24 


In THE preface the author calls this book 
the ‘‘successor’’ to the earlier work of the 
same name (1949) by Clark, Nash, and 
Fischer. The term is well chosen since 
the new book differs from the old in form 
and content to a greater degree than is 
perhaps implied by the term “‘revision.”’ 

The page size is larger, the type is more 
legible, and the general format and 
appearance of the book are a distinct 
improvement over the previous one. In 
scope there is little change, but Professor 
Fischer has improved the organization of 
the older text. The new text is less 
diffuse than the earlier one. Principles 
applicable to a particular type of analysis 
are more concisely treated in a single 
chapter and more clearly correlated with 
the descriptions of laboratory procedures. 

Some features of the book of interest to 
the teacher should be mentioned. The 
unit operations approach to technique is 
effectively used in the Introduction and in 
the first chapter of each of the main 
sections of the book which are in order: 
Gravimetric Methods, Volumetric 
Methods, and Optical and Electrical 
Methods. It will be noted that Gravi- 
metric Methods are given first. The 
treatment of the individual sections is 
such, however, that any order of presenta- 
tion may be followed without loss of 
continuity. In general the order of 
presentation of each field of analysis is 
unit operations, calculations, laboratory 
methods, and finally theory. An ex- 
ception is made, however, in the case of 
redox methods where theory precedes the 
laboratory methods. As is so frequently 
the case in textbooks of elementary 
analytical chemistry, the final section on 
Optical and Electrical Methods seems to be 
an afterthought with little correlation with 
the older procedures. It would seem that 
potentiometric titrations could well be a 
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part of the discussion of titration curves in 
all types of volumetric analysis, but this 
apparently is not the case. 

To this reviewer the outstanding 
character of this book is its conciseness and 
clarity. It is an excellent book for the 
first course for the average student. It 
must be stated, however, that there is 
little of the new or novel in its presentation 
or content. Perhaps it is too much to 
expect that a text should attempt to 
interest, to inspire, even to entertain the 
eager student. If one is looking for this 
character in a text, the book in question is 
not the one. It is a utilitarian text, and on 
that basis a good one. 


LEWIS G. BASSETT 
ReENssELAER PouyTecunic INstTiTUTE 
Troy, New York 


STATISTICAL MECHANICS: PRINCIPLES 
AND SELECTED APPLICATIONS 


Terrell L. Hill, Naval Medical Research 
Institute, Bethesda, Maryland. McGraw- 
Hill Book Co., Inc., New York, 1956. 
xiii + 432 pp. 72 figs. 18 tables. 15.5 
X 23.5cm. $9. 


THE primary aim of this book is to 
provide a detailed account of a selected 
group of recent developments in statistical 
mechanics. The topics, although limited, 
have been well chosen and in general the 
material does not duplicate that covered 
in earlier works by Fowler, Tolman, 
Fowler and Guggenheim, and Mayer and 
Mayer or in the recent book by 
Hirschfelder, Curtiss, and Bird. 

For the chemist and physicist whose 
research interests require a knowledge of 
the major results in .the theories of co- 
operative phenomena, liquids, and liquid 
solutions during the past twenty years, 
Dr. Hill’s book offers a unique and compre- 
hensive presentation of these topics. As a 
research reference it should be extremely 
valuable since the concepts discussed are 
fundamental to the whole modern structure 
of equilibrium statistical mechanics. 

The author has also included three 
introductory chapters on the principles of 
equilibrium statistical mechanics with the 
hope that the volume may prove useful as 
a text for a second course in statistical 
mechanics. However, despite the funda- 
mental nature of the material presented it 
is doubtful that this book will be exten- 
sively used as a text. In the first place, the 
brevity of some of the presentation gives 
rise to an extremely high density of pure 
formalism. This is true in the chapters on 
applications as well as in the introductory 
material. Secondly, the extensive cross 
referencing of equations and the involved 
notation which the subject matter in- 
herently demands makes this a difficult 
book for even the advanced graduate 
student. Finally, the use of a generalized 
ensemble by the author will probably 
prove to be controversial. The subtle 
difficulties which arise in this case, when 
one tries to use only intensive properties as 
independent variables, outweigh whatever 
didactic value this general presentation 
offers. 

While the emphasis of the book is on 
the formalism there are several illuminating 
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and clarifying discussions, notably in 
Chapter 1 on the ensemble concept and in 
Chapter 6 and Appendix 9 on first-order 
phase transitions. The comprehensive dis- 
cussion on fluctuation theory in Chapter 4 
is also an outstanding feature of the book 
and would be a profitable addition to an 
advanced course in statistical mechanics. 
In addition, Chapter 6 contains the first 
complete discussion of the theory of 
molecular distribution functions to appear 
in book form. This is a rather specialized 
topic for a course in statistical mechanics, 
but anyone who wishes to cover this 
subject will find this presentation very 
valuable. 

The additional contents include the 
Theory of Imperfect Gases and Con- 
densation, Nearest-Neighbor Lattice Sta- 
tistics, and Lattice Theories of the Liquid 
and Solid States. The treatment of each 
subject is exhaustive from the theoretical 
point of view but includes a minimum of 
numerical calculations and comparisons 
with experiment. This is consistent with 
the major purpose of the book but offers 
an additional barrier to its use as a text. 


ZEVI W. SALSBURG 
Tue Rice 
Houston, Texas 


RECENT ADVANCES IN SCIENCE: 
PHYSICS AND APPLIED MATHEMATICS 


Edited by Morris H. Shamos, Associate 
Professor of Physics, and George M. Mur- 
phy, Professor of Chemistry, both of New 
York University. New York University 
Press and distributed by Interscience Pub- 
lishers, New York, 1956: xi + 384 pp. 
172 figs. 15 X 23cm. $7.50. 


Tuts book is the outgrowth of the First 
Symposium on Recent Advances in 


Science held at New York University in — 


1954. It contains chapters on “Methods 
of Applied Mathematics’? by Richard 
Courant, “The Future of Operations 
Research’’ by Philip M. Morse, “Atomic 
Structure’? by I. I. Rabi, “Microwave 
Spectroscopy’’ by C. H. Townes, “Nuclear 
Structure and Transmutations’’ by H. A. 
Bethe, ‘Elementary Particles’ by V. F. 
Weisskopf, ‘‘Electronuclear Machines’’ by 
Leland J. Haworth, ““Neutron Physics’’ by 
Norman F. Ramsey, “Transistor Physics’’ 
by William Shockley, “Ferromagnetism’’ 
by R. M. Bozorth, “‘Cryogenics’’ by F. G. 
Brickwedde, and “Physics and the Engi- 
neer’”’ by Edward U. Condon. This 
gfoup of authorities, writing as “experts 
for non-experts’’ about the recent advances 
in their fields of special interest, has 
brought together between the covers of a 
single book most of the research in 
modern physics that has made this field so 
fascinating and yet so frustrating to 
scientists in other areas. That they have 
succeeded in every instance in making the 
material clear to “everyone who is 
interested in the progress of science’ is too 
much to expect. The average biologist is 
not too familiar with differential operators 
or even surface integrals. A scientist in 
a closely allied field will read much that is 
already familiar. Yet, on page after page 


new ideas and fresh approaches to 
old ones will make a careful reading of 
this book rewarding. It can be recoin- 
mended to scientists and to students of 
science as one of the best collections of ‘ts 
kind to appear in recent years. However, 
it is much too technical for a non-scientist. 


JOHN A. TIMM 
Simmons 
Boston, MAassacHUSETTS 


RADIATION BIOLOGY. VOLUME II: 
VISIBLE AND NEAR-VISIBLE LIGHT 


Edited by Alexander Hollaender, Di- 
rector of Biology Division, Oak Ridge Na- 
tional Laboratory. McGraw-Hill Book Co., 
Inc., New York, 1956. viii + 765 pp. 
Figs. and tables. 16.5 X 23.5 cm. $10, 


Tuis is the third and final volume of the 
series on radiation biology published under 
the sponsorship of the National Research 
Council. It is not intended to be of great 
importance in terms of the practical 
effects of visible and near-visible radiation 
on living organisms, since it does not deal 
with damage to living tissue. Each of the 
fifteen chapters was written by a different 
research scientist who is currently active in 
the area which he describes. The topics 
included are: energy exchange in photo- 
reactions; electronic structure and excita- 
tion of polyenes and porphyrins; genera- 
tion, control, and measurement of visible 
and near-visible radiant energy ; energy efli- 
ciency in photosynthesis; the mechanism 
of photosynthesis; the absorption, action, 
and fluorescence spectra of photosynthetic 
pigments in living cells and in solutions; 
chlorophyll formation and accumulation in 
plants; nitrate reduction; phototropism; 
photoperiodism; seed germination; vis- 
cosity, permeability, and protoplasmic 
streaming; electrical phenomena in vision; 
invertebrate photoreceptors; and _ photo- 
dynamic action and its pathological 
effects. The many authors have done an 
exceptionally fine job of compiling the 
varied information and of discussing these 
complex research areas. All of the 
chapters are written for the scientist who 
is generally familiar with the funda- 
mentals of the area discussed. The casual 
or the uninformed reader will gain little 
from this work. There are relatively 
few printing errors. There are some un- 
expected omissions. E.g., chemical acti- 
nometry is only mentioned, neither ad- 
equately described nor evaluated in 
Chapter 3; these omissions are justified 
perhaps in view of the limited space and 
the relative importance of the many topics 
considered. 

Scientists active in research in photo- 
synthesis, photobiology, and other areas 
related to biological growth and «nergy 
will find this book a necessary and an 
invaluable addition to their libraries. 
Others in related areas such as _)hoto- 
chemistry and biochemistry will di-cover 
that many of the chapters are of direct 
interest to them. F 


JACK G. CAI VERT 
Tue Onto State UNIVERSITY 
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Oxz of the most exciting aspects of chemistry teaching 

is the change which constantly is occurring in the sub- 
ject matter. No one who re-examines the textbooks 
he himself used as a student in the courses he now 
teaches can fail to be impressed by this. The longer 
he teaches, the more the contrast grows. The worst 
crime against the science he serves and the students he 
guides is to teach the same course he taught a decade 
ago. Not only does this apply to the content of both 
the classroom and laboratory assignments, but it is an 
equally valid criticism of the teacher whose instructional 
techniques have remained unaltered. The truly effec- 
tive teacher seldom, if ever, was born that way. His 
relative excellence in communicating to and inspiring 
his students is the result of hard work to implement a 
point of view. This point of view is essentially, “There 
must be a better way to get these ideas across.” 

Since chemistry itself changes so rapidly, its teaching 
has attracted many able scientists who as dedicated 
teachers are willing to apply their ingenuity to teaching 
1957 ideas to 1957 students. Innovations within sub- 
ject areas have become new courses. Older courses 
have undergone a metamorphosis which makes them 
belie their catalogue labels. The obviously scientific 
efficiency of understanding and correlating information 
by adequate theoretical concepts has replaced the 
laborious learning of much empirical descriptive infor- 
mation of years past. Newer techniques often trans- 
lated to the dial twisting stage by instruments of mys- 
terious intricacy have replaced the noxious fumes of the 
old analytical laboratory. Courses have changed; 
students do learn modern chemistry. 

Chemical educators generally have been loathe to 
take the next much more difficult step. This is the re- 
examination of the whole structure of the undergraduate 
chemistry curriculum. We have been impressed by the 
way this subject inevitably comes up in discussions 
among chemistry teachers all over the country. So far 
there has been much more talk than implementing ac- 
tion. Notable exceptions have been the experiment 
which appears to be having such success at Brown Uni- 
Versity (See THis JouRNAL, 26, 10, 1949.) and the plan 
being inaugurated at Tufts this fall. The question of 
curricular innovations will be the focus of what promises 
to be « most timely and stimulating symposium at the 
meetings of the Division of Chemical Education at New 
York in September. 

A leiter received from Professor Frank Schneider of 
Queen. College, Flushing, New York, asks the pointed 
question, “Are we in a rat race or an academic proces- 
sion?” We quote in part: 


The attempts of conscientious teachers of chemistry to keep 
their courses up-to-date by new theories and concepts within the 
fixed time limits and framework of the traditional curriculum 
have resulted in distortions, loss of continuity and loss of suffi- 


ciently intensive consideration of individual topics. In my 
opinion it is time to stop tinkering with old courses and to begin 
to rebuild the curriculum. 

I believe that the division of topics into major fields must de- 
part from the present “classical’’ system. Many concepts and 
principles which once were regarded as advanced have now be- 
come fundamental. On the other hand, material which has been 
dropped from beginning courses to make room for such new ma- 
terial must be given a new home. 

The two tasks in the design of a modern chemistry curriculum 
are the selection of the topics and the sequence in which they are 
to be presented. The first requires a realistic recognition of the 
limitations imposed by the preparation of the student, the time 
available in the general college curriculum for chemistry courses 
and the relative importance of the topics in the complete course of 
study. The second task, breaking with traditional sequence, is 
more difficult and controversial. 


Professor Schneider goes on to suggest a series of one- 
semester courses with the titles: Fundamental Chemis- 
try, Inorganic Reactions (properties of the elements), 
Carbon Chemistry, Characterization of Inorganic Com- 
pounds (preparation and identification), Characteriza- 
tion of Carbon Compounds (isolation and determination 
of the structure of compounds and functional groups), 
Quantitative Chemical Measurements, Chemical Ther- 
modynamics and Electrochemistry. These could be 
supplemented by courses in research techniques (litera- 
ture searching as well as experimental methods) and a 
course to demonstrate how chemical industry handles 
its problems of large-scale production. He adds a word 
of caution: 

It is a great temptation to include material which may be inter- 
esting to students who have been “‘prepared”’ by a study of science 
fiction and the Sunday supplements or to include subjects about 
which the instructor may be particularly enthusiastic. Season- 
ing may be added but the sauce should not be the entire dish. 
Caution must be exercised to avoid offering supplemental courses 
which merely ride an instructor’s hobby or which are nondescript 
collections of “advanced this-or-that’’ with no central theme or 
purpose. 

Another very stimulating proposal for the re-exami- 
nation of the traditional chemistry curriculum is being 
initiated by the departmental faculty at Earlham Col- 
lege, Richmond, Indiana, headed by Professor L. E. 
Strong. We quote excerpts from their communica- 
tion: 

In most first-year courses an increased amount of theoretical 
material and its logical analysis has been included at the expense 
usually of descriptive, inorganic chemistry. However, subse- 
quent courses have tended to maintain traditional emphasis with 
only modest introduction of conceptual viewpoints. . . . While the 
changing emphasis in the first-year course has been in the right 
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direction, it is now time to try to fit this into the other courses of 
a more advanced nature. .. . 

We are proposing a college chemistry curriculum centered on 
concepts thatoffer a basis for unifying a large variety of chemical 
phenomena. Coupled with this will be a determined effort to 
train the student to make use of the chemical literature in order 
to find the particular factual data that he may need for a spe- 
cific problem. In the classroom illustrative material will be 
taken from any part of chemistry to illuminate a given idea. In 
the laboratory experiments will be developed which will be based 
on the same point of view... . 

We envisage the first three semesters as concentrating on three 
major groups of concepts: (1) element, atom and fundamental 
particle, (2) the covalent bond, (3) ions, i.e., chemical entities whose 
major properties are determined by the fact that they carry net 
electrical charges. These three courses should also provide the 
basic factual material on which broader generalizations may be 
built. The fourth semester, accordingly, is envisaged as a dis- 
cussion of energy forms and energy changes. One result will be an 
increased amount of descriptive material in the first year as com- 
pared to current practice. ... On the basis of these four courses, 
it should be possible for the junior and senior year to present ad- 
vanced courses on topics cutting across the usual subject matter 
fields. These would deal with such subjects as ‘Kinetics and 
Mechanism of Chemical Reactions,’”’ ‘Principles of Chemical 
Identification,” ‘Molecules and Measurements,” ‘Thermo- 


dynamics,” “The Chemistry of Living Systems,” etc. Such 
courses would bring the student close to the present-day frontiers 
of chemistry. 


Chemistry is an experimental science and its teach- 
ing deserves to be. We are sure readers share our ac- 
miration for those who are willing to act like true scien- 
tists and abandon the traditional program in the hope 
of discovering an even more effective means of training 
students to become chemists. We hope we hear of move 
who are willing to work this hard at an important tas‘. 
They deserve the support of the profession. 

Even if few of us find it feasible (we think!) to revise 
completely our curricular offerings, we certainly owe it 
to ourselves and our students to re-examine the content 
and sequence of the total four-year course we are offer- 
ing. Although he takes a variety of courses from sey- 
eral instructors using a multiplicity of texts and refer- 
ence books, the student has but one mind to train. 
Genuine re-evaluation of our curricula in light of a real 
appreciation of this single target for our teaching prob- 
ably will not leave any of our courses unchanged. 


Déucséou of CHEMICAL EDUCATION 


Tue CoMMITTEE ON THE TEACHING OF CHEMISTRY was created in 
March of 1955 with the initial appointment of a number of mem- 
bers by C. A. VanderWerf, Chairman of the Division of Chemical 
Education for 1954-55. Additional members have been ap- 
pointed since that time. Though established to deal with all 
those aspects of chemistry teaching which might be the concern 
of the Division, primary attention has been given, thus far, to 
high-school and undergraduate college chemistry. 

The first assignment undertaken by the Committee was the 
formulation of a program of American Chemical Society awards 
for excellence in the teaching of high-school chemistry. A de- 
tailed proposal for six such awards to be made on a regional basis 
was drawn up by March of 1956. Since that date the proposal 
has been considered at several meetings of the A.C.S. Board of 
Directors, the Board Committee on Awards, the Board Com- 
mittee on Education and Students, the Council Committee on 
Chemical Education, the Council Committee on Local Section 
Activities, the Council Policy Committee, and an ad hoc com- 
mittee composed of the chairmen of several of these committees. 

E. C. Weaver heads a subcommittee on Instructional Films for 
High-school Chemistry. To date, he has reviewed and analyzed 
332 films and 76 film strips. He is now collecting recommen- 
dations from high-school chemistry teachers concerning the na- 
ture of films they would like to have available. Replies from 530 
teachers were received and tabulated by April 1, 1957. Plans are 
underway for the production of two new films based on the re- 
commendations of these teachers. Script writers are needed. 
Anyone interested in helping with this work should get in touch 
with Mr. Weaver. 

A subcommittee on the Preparation of Chemistry Teachers 
(composed of W. B. Cook, Chairman, and L. B. Clapp, L. Col- 
born, Dorothy Gifford, W. G. Kessel, and T. Van Osdall) is pre- 
paring a report on opportunities available to high-school teachers 
who wish to undertake postgraduate studies to strengthen their 
background in chemistry and related subjects. Replies to a 
questionnaire sent to 288 graduate schools indicate that several 
good programs are now available and more are in the planning 
stage. The final report of this subcommittee will be completed 
and distributed. 

L. B. Clapp is arranging a symposium for the fall meeting of the 
Society in New York on ‘“‘New Ideas for the Undergraduate Chem- 
istry Curriculum.” He will welcome information concern- 


Chemical Society 


ing any new programs now in operation. The Committee on 
Teaching is considering plans for a conference to be devoted toa 
thorough study and interchange of ideas concerning the under- 
graduate curriculum in chemistry. 

The personnel of the Committee is drawn from many different 
kinds of educational organization. Its general functions are to 
consider and study all kinds of ideas and proposals concerning 
chemical education, to focus attention on a few of these at a given 
time, and to assist in the development of new programs through 
the action of small subcommittees. The Committee will welcome 
suggestions from anyone interested in its work. 


J. Russell Bright, Wayne University, Detroit, Michigan 

Robert H. Carleton, National Science Teachers Association, 
Washington, D. C. 

Leallyn B. Clapp, Brown University, Providence, Rhode Island 

Lon H. Colborn, Taylor Allderdice High School, Pittsburgh, 
Pennsylvania 

William B. Cook, National Science Foundation, Washington, 
D. C. 

Harriett H. Fillinger, Clinch Valley College, Wise, Virginia 

Dorothy W. Gifford, Lincoln School, Providence, Rhode Island 

Rolland J. Gladieux, Metals Research Laboratories, Niagara 
Falls, New York 

J. Fred Hazel, University of Penna., Philadelphia, Pennsylvania 

Robert K. Henrich, Columbia High School, Richland, WVash- 


ington 

William G. Kessel, Indiana State Teachers College, Terre Haute, 
Indiana 

Walter S. Lapp, Overbrook High School, Philadelphia, !enn- 
sylvania 

Douglas G. Nicholson, East Tennessee State College, Johnson 
City, Tennessee 

Bayes M. Norton, Kenyon College, Gambier, Ohio : 

C. Harvey Sorum, University of Wisconsin, Madison, Wisconsin 

Thomas C. Van Osdall, Santa Ana College, Santa Ana, Cali- 
fornia 

Elbert C. Weaver, Phillips Academy, Andover, Massachus: tts 


Epwarp C. Fuuer, Chairiian 
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T ue successful application of inorganic reagents in the 
preparation of organic or organometallic compounds 
has been a widespread practice for many years. Dur- 
ing the past decade a new class of inorganic reagents 
has found extensive acceptance and application by 
inorganic and organic chemists alike. These rea- 
gents, the complex metal hydrides (1), are exemplified 
by the highly reactive lithium aluminum hydride and 
magnesium and sodium aluminum hydrides, and the 
selectively reactive lithium, sodium and potassium 
borohydrides, and lithium gallium hydride. 


LITHIUM ALUMINUM HYDRIDE (LAH) 


Lithium aluminum hydride is an extremely powerful 
reducing agent. It is indefinitely stable at room 
temperature and is soluble in ether-type solvents. 
Reductions generally can be carried out at room tem- 
perature or in refluxing ether without the use of unusual 
equipment. Under these mild conditions, such as are 
used with the Grignard reagent, functional groups 
which are resistant to other methods of reduction have 
been reduced with LAH. Due to its violent reaction 
with water and the liberation of hydrogen with com- 
pounds containing active hydrogen, it cannot be used 
for reductions in aqueous media. However, it reacts 
readily and often quantitatively with substances sol- 
uble in ether-type solvents such as diethyl] ether, di-n- 
butyl ether, dioxane, and tetrahydrofuran. Substan- 
ces which are insoluble in these solvents but are soluble 
in benzene, petroleum ether, pyridine or N-ethylmor- 
pholine can be reduced by adding the appropriate 
solution to an ether solution of the hydride. Substan- 
ces which are difficultly soluble in ethereal solvents 
can be reduced readily by an extraction technique, 
Le., the substance to be reduced is placed in the thim- 
ble of a Soxhlet extractor above a flask containing a 
refluxing ethereal solution of LAH. 

In reductions involving LAH the side reactions such 
a8 polymerization, condensation, and cleavage, often 
encountered with other reducing agents, are generally 
avoided, although they have been known to occur in 
isolated instances. The reactions are rapid and al- 
most (uantitative in most cases and yield very pure 
products due to the absence of side reactions. 

The reaction of a functional group with LAH re- 
sults in the formation of an intermediate complex 
which is hydrolyzed to liberate the reduction product. 
The hydrolysis generally is carried out with water, 
acid, base, ethanol, ethyl acetate, etc., in order to 


ree the complex and consume unreacted hy- 
ride. 


REDUCTION WITH COMPLEX METAL HYDRIDES 


NORMAN G. GAYLORD 
Interchemical Corporation, New York, N. Y. - 


LAH AS AN ANALYTICAL REAGENT 


The quantitative nature of the reaction of LAH 
with various types of organic compounds and the 
similarity of the behavior of the reagent to that of the 
Grignard reagent has led to the development of ana- 
lytical methods, similar to the Zerewitinoff procedure, 
for the utilization of LAH in the quantitative deter- 
mination of active hydrogen and reducible groups in 
organic compounds. 

LAH is far superior to the Grignard reagent in the 
determination of active hydrogen, reactions with the 
former proceeding more vigorously and rapidly at a 
lower temperature, and further toward completion 
with fewer side reactions and steric influences. 

Compounds exhibiting keto-enol tautomerism react 
with LAH as though they were partially enolized since 
rapidity of the reaction with the keto form prevents 
complete enolization. In contrast, the Grignard rea- 
gent indicates the existence of such compounds mostly 
in the enol form. The two most widely known keto- 
enol tautomers show this behavior: 


% Enol 
© 
Grignard 
LAH reagent 
Ethyl acetoacetate 50-70 90-100 
Diethy!] malonate 50-60 100 


The reaction of LAH with an aromatic nitro com- 
pound at room temperature results in the formation 
of an azo compound and the immediate appearance of 
the azo color. This has been developed into a color 
test applicable to the detection of aromatic nitro, 
nitroso, azoxy, and hydrazo compounds. 


REACTIONS OF LITHIUM ALUMINUM HYDRIDE 


LAH reacts vigorously with water with the evolution 
of hydrogen: 


LiAIH, + 4H,O — 4H; + LiOH + Al(OH); 


This reaction is used as a basis for the analysis of LAH 
as well as for water analysis. 

LAH reacts with ammonia and hydrogen cyanide to 
yield hydrogen and complex salts. Reaction with 
diborane yields a mixture of lithium and aluminum 
borohydrides. The reaction of hydrazoic acid with 
LAH in anhydrous ether yields the azide LiAl(N;), 
which is stable at room temperature but explosive on 
shock. 

The reaction of LAH with carbon dioxide can follow 
three courses, each of which represents a definite 
degree of reduction, to yield methanol, formaldehyde 
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or formic acid. The product obtained is determined 
by the ratio of carbon dioxide to LAH: 


H:O 
+ 3LiAIH, LiAl(OCH;), ———~ CH;OH 


20 
» HCHO 


2CO, + LiAlH, LiAl(OCH:2)» 


4CO, + LiAIH, —~ LiAl(OCH;), ———> HCOOH 


This method has been applied to the preparation of 
labeled methanol containing C'* or C' as well as for- 
maldehyde-C™, by the use of labeled carbon dioxide. 
The use of lithium aluminum deuteride permits the 
preparation of CD;OH. Methanol is also prepared 
by the reaction of LAH with carbon monoxide or 
phosgene. 

The reaction of inorganic halides with LAH in ether 
solution yields complex hydrides, Me(AIH4),: 


MeCl, + n LiAIH, + LiCl 


In many cases these complex hydrides are unstable at 
ordinary temperature and decompose to form simple 
hydrides. Salts of the following elements have been 
used in this reaction: copper, silver, gold, beryllium, 
magnesium, zinc, cadmium, mercury, boron, alumi- 
num, gallium, indium, thallium, silicon, titanium, 
zirconium, germanium, tin, phosphorus, arsenic, anti- 
mony, and uranium. 

As in the reduction of inorganic halides with LAH, 
alkyl or aryl derivatives of such halides are reduced 
to the corresponding hydrides. In this connection, 
organohalo derivatives of silicon, germanium, anti- 
mony, tin, arsenic, boron, lead, and magnesium are 
reduced to the corresponding substituted hydrides. 
The reaction between LAH and metal alkyls has been 
utilized in the preparation of hitherto unknown or 
difficultly accessible hydrides. 


REDUCTION OF ORGANIC COMPOUNDS BY LITHIUM 
ALUMINUM HYDRIDE 


The greatest interest in the complex metal hydrides 
in general and in LAH in particular has been in the 
reduction of organic compounds. Successful reduc- 
tions have been carried out when other methods have 
had indifferent or no success. 

Although in most cases the reactions proceed with- 
out complication, in a limited number of compounds 
the nature of the reduction product is a function of the 
quantity of LAH utilized and the reaction conditions. 
In other compounds, groups which are generally re- 
sistant to reduction are attacked under drastic condi- 
tions. The types of functional groups which are re- 
duced under normal conditions are summarized in 
Table 1. 


GENERAL MECHANISMS OF LITHIUM ALUMINUM 
HYDRIDE REACTIONS 


It has been postulated that an ethereal solution of 
LAH consists of lithium cations and aluminohydride 
anions (AlH,~). Infrared and Raman spectra of an 
ethereal solution have indicated a tetrahedral medel 
for the aluminohydride ion in solution. The presence 
of ions has been proved by measurements of the speci- 
fic conductance. 

Trevoy and Brown have observed that most LAH 
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TABLE 1 
Functional Groups Reduced by Lithium Aluminum 
Hydride 


Functional group 


Product 


OxyGEn-ConTAINING GROUPS 


Aldehyde Primary alcohol 
Ketone Secondary alcohol 
Quinone Hydroquinone 
Carboxylic acid Primary alcohol 
Acid anhydride Primary alcohol 
Acyl halide Primary alcohol 
Ester Primary alcohols 
Lactone Dio] 
Epoxide Alcohol 
Orthoester Acetal 
Hydroperoxide Alcohol 
Peroxide Alcohol 
Ozonide Alcohol 
NiITROGEN-CoNTAINING Groups 
Amide 
Unsubstituted Primary amine 
Monosubstituted Secondary amine 
Disubstituted Tertiary amine or aldehyde 
Lactara Cyclic amine 
Imide Cyclic amine 
Carbamate Amine + alcohol 
Nitrile Primary amine or aldehyde 
Isocyanide Secondary amine 
Oxime Amine 
Isocyanate Secondary amine 
Nitrogen oxide Amine 
C-Nitroso compound Amine 
Nitrosamine Hydrazine 
Nitro, alkyl Primary amine 
Nitro, aryl Azo compound 
Hydroxylamine Amine 


Azoxy compound Azo compound 
Azide Amine 


Diazo compound Amine 
Quaternary salts 
Cyclic o-Dihydroamine 
Acyclic Amine 
Groups 
Dithiol Mercaptan 
Disulfide Mercaptan 
Trisulfide Mercaptan 
Tetrasulfide Mercaptan 
Episulfide Mercaptan 
Sulfoxide Sulfide 
Sulfone Sulfide 
Sulfonic anhydride Sulfinic acid or mercaptan 
Sulfony] halide Mercaptan 
Sulfonic ester 
Alkyl Hydrocarbon 
Aryl Phenol 
Sulfinic acid Disulfide + mercaptan 
Sulfeny! halide Disulfide 
Thioester Alcohol 
Thioamide Amine + nitrile 
Thiocyanate Mercaptan 
Isothiocyanate Amine 
Groups 
Alkyl halide Alkane 


reductions involve the displacement of a strongly 
electronegative atom, such as oxygen, nitrogen or 
halogen, by hydrogen, the reaction probably involving 
initially an attack by the aluminohydride ion on 
carbon. A bimolecular nucleophilic displacement pro- 
ceeding by an Sy? mechanism in which hydrogen is 
transferred as hydride to the center of low electron 
density, i.e., the carbon atom, has been postulated. 
The exact nature of the attacking anion is a maiter 0! 
speculation. Trevoy and Brown have postulate:! that 
the reactant is actually a series of complex alumino- 
hydride ions AlH,-,R, which act as carriers for the 
hydride ion, where n progresses from 0 to 4 during the 
course of the reaction. 

Paddock has argued that this mechanism ignores 
the solvent, and has proposed that there is an equilib- 
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rium in solution: 
 AlH,~ = + AIH, 

The function of the ether is to coordinate with the 

aluminum hydride and drive the equilibrium to the 

right. This implies that the active entity is the H- 

ion rather than the AIH,~ ion. The ether, analogous 

to Grignard reactions, acts as a donor solvent. 

The reactions of LAH with various functional groups 
are in many ways analogous to the reaction of the 
Grignard reagent. Differences in the nature and ex- 
tent of the reactions are due to the greater reactivity 
of the hydride and the influence of steric factors. 
The hydride and the Grignard reagent both respond 
to the Gilman-Schulze color test. This test, invol- 
ving reaction with Michler’s ketone, is characteristic 
for compounds having carbon-metal bonds. The 
test has been used for determining the stoichiometry 
of LAH reductions. 


SPECIFIC REDUCTIONS BY LAH 


The great number of functional groups reduced by 
LAH, as shown in Table 1, represent a broad arena vf 
reactivity. However, certain reactions are worthy 
of individual mention. 

LAH reductions are generally carried out by one of 
two methods: (a) “direct”? or normal addition, and 
(b) “inverse” addition. The direct addition method 
involves the addition of a solution of the compound to 
be reduced to a solution of LAH. The inverse ad- 
dition method involves the addition of the LAH solu- 
tion to the organic compound. In the first method an 
excess of LAH is present during the reaction while in 
the second method, generally carried out with a cal- 
culated amount of LAH and at low temperatures, the 
compound to be reduced is in excess. 

The inverse procedure permits a reaction to be 
carried to an intermediate point with resultant partial 
reduction. Thus, since the reduction of nitriles passes 
through an imine intermediate, a primary amine or an 
aldehyde can be obtained by the appropriate technique: 


| 

| LAH | 
R—CH=NH 
= 1. LAH 

2. HO | 

+RCH.NH; RCHO— 


While the normal reduction of lactones yields glycols, 
the inverse addition of one-quarter mole of LAH at 
30°C. yields hydroxyaldehydes (2): 


OH 
direct 
R:C—{CH2), 
O 


| inverse 


R.C(CH:),CHO 
| 
H 
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Similarly, the partial reduction of lactams yields 


aminoaldehydes while normal reduction yields cyclic 
amines: 


— 
HN——CH, 
direct 
—(CHz2), 
HN——-C=O 


| inverse 


R:C—(CH:), R:C(CH:2),CHO 
The reduction of halides with LAH generally pro- 
ceeds with difficulty. Aromatic halides either are 
not reduced or are reduced only under drastic condi- 
tions. Alkyl halides are reduced with LAH at ele- 
vated temperatures. Therefore a compound con- 
taining a halogen atom and a reducible functional 
group can be treated with LAH to yield a product 
which still retains the halogen. 
The LAH reduction of sulfonic esters usually pro- 
ceeds by one of two reaction paths to yield either 
hydrocarbons or phenols: 


LAH 
ROSO.R’ ——— RH + HOSO.R’ 


LAH 
ArOSO:R’ ———> ArOH + HOSOR’ 


The LAH reduction of alkyl tosylates generally yields 
hydrocarbons while aryl sulfonic esters are reduced to 
phenols. The LAH reduction of sugar tosylates 
yields alcohols. 

Ethers are generally resistant to attack by LAH. 
The nonreduction of acetals and ketals with LAH has 
been utilized for the protection of carbonyl groups 
during LAH reductions. The OCO group in other 
structures as well as in acetals and ketals is resistant to 
attack with LAH. Similarly, the OCS group, as in 
hemithioketals, is resistant to attack. However, the 
NCO group and the NCS group are generally cleaved 
by LAH between the carbon-oxygen and carbon- 
sulfur bonds, respectively. 

An isolated double bond is generally resistant to 
attack by LAH. Thus crotonaldehyde is reduced to 
crotyl alcohol: 


CH;CH=CHCHO — CH;CH=CHCH;OH 


The presence of the double bond in a structural group- 
ing containing an aromatic ring at one end and a polar 
functional group at the other, i.e., ArC=C—C=O 
or ArC—C—N, generally results in saturation of the 
carbon-carbon double bond under normal reaction 
conditions. However, inverse addition with the cal- 
culated amount of LAH at low temperatures results in 
retention of the double bond. Thus, cinnamaldehyde 
is converted to hydrocinnamy!] alcohol by direct ad- 
dition at room temperature while inverse addition 
below 10°C. yields cinnamy] alcohol: 


| 
| 


CsHsCH,CH:CH,OH 


0-10°C. 


inverse 


Although the carbon-carbon double bond generally 
is not attacked by LAH, Ziegler reported that alpha- 
olefins, including ethylene, can be reduced to the cor- 
responding paraffin hydrocarbons by LAH, aluminum 
hydride and aluminum trialkyls. At high tempera- 
tures the aluminum trialkyls catalytically convert 
ethylene and other olefins into higher paraffins and 
olefins by polymerization (3). 

Polyethylene with a higher melting point and den- 
sity than that obtained by conventional high pressure 
techniques has been prepared by the low pressure 
polymerization of ethylene using aluminum alkyls 
complexed with a metal halide such as titanium tet- 
rachloride. The polymerizations proceed very readily 
at low pressures (from normal to 30 atm.) and at low 
temperatures (from room temperature up to 60°C.). 

A synthetic polyisoprene having a nearly all cis 
1,4 structure very similar to that of Hevea natural 
rubber has been prepared using the aluminum tri- 
ethyl-cocatalyst system. 

Aluminum triethyl forms a complex with sodium 
fluoride which is capable of conducting an electric 
current and permits the preparation of tetraethyl 
lead, according to the equation: 


2NaF-2Al(C2Hs)s; + Pb 2NaF + 3Pb(C:Hs), + 4Al 


ALUMINUM HYDRIDE 


An ethereal solution of aluminum hydride is un- 
stable and the hydride polymerizes spontaneously to a 
high molecular weight, ether-insoluble, polymerization 
product, postulated as follows: 


3LiAIH, + AICI, — Al(AIH,)s + 3LiCl 
a Al(AIH,); — 


Monomeric aluminum hydride can be stabilized 
by the addition of trimethylamine as well as by treat- 
ment with an ethereal solution of an aluminum halide. 
The reaction of aluminum hydride in a 1:1 ratio with 
aluminum chloride in ether solution yields an ether- 
soluble addition compound formulated as AlH;. AlCl; 
or AlH.Cl. AlHCls, which is isolated as a colorless dis- 
tillable liquid. The ethereal solution behaves chemi- 
cally like a mixture of aluminum chloride and mono- 
meric aluminum hydride and permits the carrying out 
of more selective reductions than with LAH. 

Aluminum hydride has been used in the preparation 
of formic acid from carbon dioxide. Reaction with 
aluminum iodide and bromide yields the respective 
mono- and dihaloaluminum hydrides rather than the 
addition compound obtained with the chloride. Or- 
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ganic functional groups which have been reduced by an 
ethereal solution of the monomeric hydride include 
carbonyl, ester, amide and nitrile groups. Various 
patents involving the reduction of carbonyl and ester 
groups by LAH have indicated the equivalence of 
aluminum hydride for these reductions. 

The stable, ether-soluble addition product with alu- 
minum chloride has been utilized for the reduction of 
the functional groups summarized in Table 2. While 
LAH converts aliphatic nitro groups to amines aid 
aromatic nitro groups to azo compounds, with amines 
as byproducts, reduction with the addition compound 
yields amines in both cases, with azo compounds 
as byproducts from the aromatic nitro derivatives. 
Alkyl halides, reduced with difficulty with LAH, 
and aromatic ketones, readily reduced with LAH, are 
not reduced by the aluminum hydride-aluminum 
chloride addition compound. 


TABLE 2 


Functional Groups Reduced by the Aluminum Hydride- 
Aluminum Chloride Addition Compound 


Functional group Product 


Aldehyde Primary alcohol 
Ketone, aliphatic Secondary alcohol 
Quinone Hydroquinone 


Primary alcohol 


Carboxylic acid 
Primary alcohol 


Acid chloride 


Ester Primary alcohol 
Amide Amine 
Nitrile Primary amine 


Primary amine 
Primary amine 
Hydrocarbon 


Nitro, aliphatic 
Nitro, aromatic 
Halide, benzyl 


MAGNESIUM ALUMINUM HYDRIDE 


The behavior of magnesium aluminum hydride in 
ether solution is analogous to that of the other alumino- 
hydrides in reducing polar double and triple bonds, 
e.g., carbonyl and nitrile groups, while nonpolar groups 
are not attacked. The functional groups which have 
been subjected to treatment with the magnesium com- 
pound are tabulated in Table 3. The carbon-carbon 
double bond in cinnamic acid and the triple bond in 
propargyl aldehyde are not reduced by magnesium 
aluminum hydride, representing a point of difference 
from the behavior of LAH. 


TABLE 3 
Functional Groups Reduced by Magnesium Aluminum 
Hydride 


Functional group Product 


Aldehyde Primary alcohol 

Ketone Secondary alcohol 

Hydroquinone 
arboxylic acid Primary alcohol 

Ester Primary alcohol 

Amide Amine 

Nitrile Primary amine 


SODIUM ALUMINUM HYDRIDE 


Due to the insolubility of sodium aluminum by- 
dride in ether, reductions are generally carried cut ! 
tetrahydrofuran solution. The functional groups 
shown in Table 4 indicate that reductions are similar 
for the sodium and lithium complex hydrides. In 
fact, the sodium compound is no milder a reagent 
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than LAH. Normal reduction of cinnamaldehyde 
results in saturation of the double bond and, as with 
LAH, the unsaturated cinnamyl] alcohol can be ob- 
tained only by the inverse addition of sodium alu- 
minum hydride to the unsaturated aldehyde. Similarly, 
inverse addition is necessary to reduce benzonitrile to 
benzaldehyde rather than the amine (4). 


TABLE 4 
Functional Groups Reduced by Sodium Aluminum 
Hydride 


Functional group 


Product 
~ Aldehyde Primary alcohol 
Ketone Secondary alcohol 


Carboxylic acid 


Primary alcohol 
Acid chloride 


Primary alcohol 


Ester Primary alcohol 

Amide Amine 

Nitrile Primary amine or aldehyde 
Nitro, alkyl Amine 

Nitro, aromatic Azo compound 

Halide, alkyl Alkane 


SODIUM BOROHYDRIDE 


In contrast to the extremely powerful reducing 
action of the aluminohydrides, especially LAH, the 
borohydrides have a lower degree of reactivity which 
in many instances permits selective reductions. 

Sodium borohydride is a crystalline, salt-like com- 
pound with a structure probably consisting of tet- 
rahedral borohydride ions and sodium ions, Na+BH,-. 
Because of its salt-like character the borohydride is 
insoluble in diethyl ether and soluble in water. Re- 
ductions with the borohydride may be carried out in 
water, methanol, dioxane, tetrahydrofuran, and the 
dimethyl ethers of diethylene glycol and triethylene 
glycol. Aqueous systems can be utilized since the 
borohydride is very soluble in cold water with very 
little decomposition. Therefore, ether-insoluble com- 
pounds such as the sugars can be reduced in aqueous 
solution where LAH is unsuitable. In cases where 
hydrolytic side reactions may occur, as in the reduc- 
tion of acid chlorides, dioxane or other nonhydrolytic 
solvents are used. In some cases, as in the reduction 
of sugars, the formation of boron-containing complexes 
makes the work-up and isolation of reduction prod- 
ucts difficult. This may be overcome by acetylation 
of reduction products and/or passage through ion ex- 
change columns. 

Although only a very small amount of hydrogen is 
liberated by the hydrolysis of sodium borohydride at 
ordinary temperatures, rapid hydrolysis occurs at higher 
temperatures to liberate 2.37 liters of hydrogen (gas 
at 8.1.P.) per gram of borohydride: 


NaBH, + 2H,0 — 4H; + NaBO, 


The addition of acid to the stable cold aqueous solu- 
tion liberates the theoretical amount of hydrogen. 
This nay be used as the basis for the analysis of the 
borohydride by hydrolysis with dilute hydrochloric 
acid. Dissolving the borohydride in a slightly basic 
solution prevents the initial generation of hydrogen 
and permits the use of the reagent as a reducing agent 
aqueous solution. 

Where the generation of hydrogen is desired, a 
rapid and controlled reaction is obtained by the use of 


pellets containing sodium borohydride and various 
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accelerators. Acidic compounds such as boric oxide, 
oxalic acid, aluminum chloride and phosphorus pen- 
toxide, and metal salts such as cobaltous, nickelous, 
ferrous and cuprous chlorides are effective catalytic 
accelerators. 

The reaction of various inorganic halides with 
sodium borohydride yields the corresponding metal 
borohydrides by metathetical reactions: 


MeCl, + n NaBH, —~ Me(BH,), + n NaCl 


The borohydrides are in many cases unstable at or- 
dinary temperatures and are, therefore, prepared at 
low temperatures. Although this reaction is more 
generally utilized with lithium borohydride, as dis- 
cussed in a later section, sodium borohydride has been 
utilized in the synthesis of beryllium, aluminum, 
lithium, potassium and calcium borohydrides. 
Sodium borohydride reacts quantitatively 
boron trifluoride etherate to liberate diborane: 


with 


3NaBH, +- 4BF; 3NaBF, + 2B.H, 


In aqueous solution, sodium. borohydride is a power- 
ful reducing agent. It reacts with certain metal ions 
in four different ways (/, 5, 6): (a) reduction to the 
next lower stable, but soluble, valence state, e.g., 
cerium(IV), chromium(VI), thallium(IIT), mercury- 
(II), vanadium(V) and iron(III); (6) reduction to the 
free metal with precipitation, e.g., silver, bismuth, 
arsenic, antimony, lead and selenium; (c) precipita- 
tion of a metal boride, e.g., nickel(II), cobalt(II), 
manganese(II), iron(II) and copper(II); (d) forma- 
tion of a volatile hydride, e.g., tin, arsenic and bis- 
muth. In the analysis of iron, sodium borohydride 
has been used to replace stannous chloride in the 
Jones reductor. By this method iron may be deter- 
mined in the presence of chromium, manganese and 
nickel, without the tedious separation required by the 
usual procedure. 

The boride precipitates have been prepared and is- 
olated for use as hydrogenation catalysts. They are 
also effective catalysts for the generation of hydrogen 
from an aqueous solution of sodium borohydride. 
The catalytic action is highest in the case of the cobalt 
product, somewhat less for nickel, and least for iron, 
manganese and copper. 


REDUCTION OF ORGANIC COMPOUNDS BY SODIUM 
BOROHYDRIDE 


As with LAH, the principal interest in sodium boro- 
hydride is in its usefulness as a reducing agent for 
organic compounds. Sterically hindered compounds 
containing certain functional groups are easily re- 
duced with the borohydride. Side reactions are gen- 
erally avoided and reduction products are obtained in 
good yields. 

A considerably smaller number of functional groups 
is reduced with sodium borohydride than with the alu- 
minohydride. This lower reactivity is advantageous in 
permitting the selective reduction of groups such as the 
carbonyl or acid chloride groups in the presence of 
functional groups which would be reduced with the 
aluminohydride but which are not attacked by the 
borohydride. The reduction behavior of sodium 
borohydride under normal reaction conditions is 
summarized in Table 5. While esters are normally 
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not reduced, the borohydride has been utilized in the 
reduction of various uronates and steroid esters. 


TABLE 5 
Reductions with Sodium Borohydride 


Product 


Functional group 


FuNCTIONAL Groups REDUCED 


Aldehyde Primary alcohol 
Ketone Secondary alcohol 
Acid chloride Primary alcohol 
Lactone Dialeohol 
Hydroperoxide Alcohol 

Quaternary ammonium salt o-Dihydro derivative 
Sulfoxide Mercaptan 


FunctionaL Groups NorMAL_y Nor Repucep 
Carboxylic acid; anhydride; ester; amine; imide; acetal; ni- 
trile; nitro, aromatic; halide; double bond. 


Sodium borohydride has been utilized as an ana- 
lytical reagent in the determination of organic functional 
groups in aqueous solution. Various aldoses and 
ketoses are analyzed by this method. 

It has recently been reported that the addition of 
certain metal halides to a solution of sodium boro- 
hydride in tetrahydrofuran or the dimethyl] ethers of 
diethylene and triethylene glycol results in the facile 
reduction of organic functional groups not normally 
reduced by the borohydride alone (7). Among the 
halides utilized in this connection are aluminum 
chloride, lithium bromide and chloride, and calcium 
iodide and chloride. It is possible that the true re- 
ducing agents in these cases are aluminum, lithium and 
calcium borohydrides, respectively : 


AIC]; + 3NaBH, — Al(BH,); + 3NaCl 


However, sodium chloride is insoluble in the solvents 
used and the failure to observe a precipitate in the 
preparation of the reagent indicates that this simple 
explanation is not adequate. 

Functional groups which have been reduced with 
sodium borohydride in the presence of various metal 
halides are summarized in Table 6. 


POTASSIUM BOROHYDRIDE 


Potassium borohydride is a white crystalline ma- 
terial which is nonhygroscopic and stable in moist and 
dry air. The borohydride is soluble in cold water 


without decomposition. Aqueous solutions are sta- 
bilized up to 100°C. by the addition of a small amount 
of base. Heating the aqueous solution to this tem- 
perature results in the liberation of hydrogen. 

Potassium borohydride can be used in the synthesis 
of other borohydrides by reaction with various inor- 
ganic halides, e.g., aluminum borohydride by reaction 
with aluminum chloride or bromide. The reaction 
with boron trifluoride in ether is suitable for the prepa- 
ration of diborane. 

Reductions of organic compounds can be carried 
out in aqueous or alcoholic solution. The behavior of 
potassium borohydride under normal reaction condi- 
tions is summarized in Table 7. 


TABLE 7 
Reductions with Potassium Borohydride 


Product 


Functienal group 


FuncTIONAL Groups REDUCED 
Aldehyde 
Ketone 
Acid chloride 
Quaternary ammonium salt 


Primary alcohol 

Secondary alcohol 

Primary alcohol 

o-Dihydro or tetrahydro de- 
rivative 


FunctionaL Groups NorMALLy Not Repucep 
Carboxylic acid; ester; amide; imide; acetal; nitro, aromatic; 
halide. 


Although esters are generally resistant to reduction 
with potassium borohydride, reduction can be success- 
fully carried out with an equimolar mixture of po- 
tassium borohydride and lithium chloride 3 in tetrahy- 
drofuran. 


LITHIUM BOROHYDRIDE 


Lithium borohydride is a crystalline salt-like com- 
pound containing tetrahedral borohydride ions. It is 
quite hygroscopic and may occasionally ignite on 
contact with water. A coating of white oxide will 
form on all surfaces within a few minutes after initial 
exposure to air. Contact with cellulosic material, 
e.g., paper, cloth, etc., is reported to result in spon- 
taneous combustion within two minutes. 

Although powdered lithium borohydride may ignite 
when moistened, it can be dissolved in ice water with 
only slow decomposition. Hydrolysis is accelerated 


TABLE 6 


Reductions with Sodium Borohydride and Metal Halides 


Functional group Product Solvent? Halide 

Aldehyde* Primary alcohol DEDEG LiBr, AICI; 
THF LiBr 

Ketone* Secondary alcohol DEDEG LiBr, AICI; 
THF LiBr 

Epoxide Alcohol DEDEG AICI; 

Carboxylic acid Primary alcohol DEDEG LiBr, AICI; 

Ester Primary alcohol DEDEG LiBr, AICI; 
THF LiCl, Ca’s 


Glycol 
Primary alcohol 
Primary alcohol 


Lactone 
Anhydride 
Acid chloride* 


Nitrile Primary amine 


Halide, benzyl Hydrocarbon 
Disulfide Mercaptan 
1-Olefin Organoborane 


@ Reducible with sodium borohydride in absence of metal halides. 
+ Solvent: DEDEG = dimethyl ether of diethylene glycol; THF = tetrahydrofuran. 


LiBr, AlCl; 


DEDEG AICI; 
DEDEG AICI; 
DEDEG AICI; 
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by the presence of acid or cobaltous ion. One gram of 
borohydride liberates more than four liters of hydrogen 
(gas at S.T.P.) by this reaction. 

Actually, when lithium borohydride is dissolved in 
water, only a portion of the available hydrogen is lib- 
erated and the solution becomes strongly basic. 

The reaction between lithium borohydride and 
carbon dioxide is similar to that of LAH and yields 
formic acid and methanol: 


2LiBH, + 2CO, 2LiOOCH + BH, 
HCOOH 
3LiBH, + 4CO, — LiB(OCH;), + 2LiBO, 


CH;OH 


The reaction of inorganic halides with lithium boro- 
hydride yields the corresponding borohydrides. Cu- 
prous, beryllium, zinc, cadmium, aluminum and titan- 
ium (III) borohydrides have been prepared by this 
method: 


MeCl, + n LiBH, ~ Me(BH,), + n LiCl 


Silver borohydride, which decomposes at —30°C., is 
prepared by the reaction of lithium borohydride with 
silver perchlorate at —80°C. 

Diborane may be prepared by the reaction of lithium 
borohydride and boron trifluoride etherate. 


REDUCTION OF ORGANIC COMPOUNDS BY LITHIUM 
BOROHYDRIDE 


Lithium borohydride is a more powerful reducing 
agent than sodium borohydride, but is milder than 
LAH. The reagent is soluble in diethyl] ether although 
most of the reported reductions have been carried out 
in tetrahydrofuran. The difference between reducible 
and nonreducible groups is not always clearly defined; 
usually reducibility is a function of compound struc- 
ture and/or reaction conditions. Whereas carbonyl 
derivatives are generally reduced rapidly at room 
temperature, esters react slowly and require refluxing 
conditions. Thus, selective reduction of a keto-ester 
to a hydroxy-ester can be accomplished at low tem- 
peratures. On the other hand, carboxylic acid and 
aromatic nitro groups, generally resistant to attack, 
are partially reduced on prolonged refluxing. 

The reduction behavior of lithium borohydride 
under normal reaction conditions is summarized in 
Table 8. 


A mixture of lithium hydride and lithium boro- 


TABLE 8 

( Reductions with Lithium Borohydride 

Functional group Product 
FuncrionaL Groups REDUCED 

Aldehyde Primary alcohol 
Ketone Secondary alcohol 

ter Primary alcohol 
Acid chloride Primary alcohol 


Foner iONAL Groups OF INTERMEDIATE REDUCIBILITY 
Acid, aliphatic Primary alcohol 
Nitro, aromatic Amine and azo derivatives 


Funcrionat Groups Nor Repucep 
Acid, aromatic; amide; acetal; nitrile; halide. 
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hydride has been used in the hydrogenolysis of halides 
and tosylates without reducing nitro, amide, nitrile, 
imine, and acetal groups. Reduction with the boro- 
hydride in tetrahydrofuran has been used to determine 
the structural units of the insulin molecule. 


OTHER BOROHYDRIDES 


Calcium borohydride reportedly has a higher re- 
ducing activity than the borohydrides of sodium, 
potassium, and lithium. In addition to the facile 
reduction of aldehydes and ketones to the correspond- 
ing alcohols, aliphatic and aromatic carboxylic esters 
are reduced in good yield to the primary alcohols. 
Reductions can be carried out in tetrahydrofuran as 
well as in alcoholic solution. At low temperatures 
50% aqueous ethanol can be used for the reduction of 
reactive esters. The anhydride group in azlactones is 
susceptible to reduction. The solutions formed by the 
metathesis of sodium borohydride and calcium chloride 
or iodide are suitable for the reduction without isola- 
tion and purification of the calcium borohydride (8). 

Calcium borohydride offers. the advantage of allow- 
ing the use of hydroxylic solvents without danger of 
explosion and ignition and, while suitable for the re- 
duction of esters, one of the most important functions 
of LAH, permits greater selectivity than the latter. 

Aluminum borohydride is an extremely hazardous 
covalent liquid, igniting spontaneously on exposure to 
moist air and reacting explosively with water. Al- 
though the borohydride is required for the preparation 
of the borohydrides of heavy metals, e.g., uranium, 
thorium, hafnium, zirconium, and titanium, its hazar- 
dous nature precludes any widespread application. It 
has been reported that both orthoesters and acetals 
are reduced to ethers, and halogen is removed from 
polyhalomethanes by aluminum borohydride. 


SODIUM TRIMETHOXYBOROHYDRIDE 


Sodium trimethoxyborohydride is a white solid which 
is stable in dry air and is only slowly attacked by air 
of average humidity. After the initial vigorous reac- 
tion on solution in cold water, additional hydrogen is 
generated only slowly. Water can therefore be used 
as a solvent for the reaction between aqueous solu- 
tions of various metal ions and sodium trimethoxy- 
borohydride. Silver nitrate, arsenious oxide, bismuth 
nitrate, and antimony trichloride are reduced to the 
free metal. Mercuric chloride is reduced to a mixture 
of mercurous chloride and free mercury. Lead nitrate 
and zine nitrate are converted to the insoluble hy- 
droxides. Nickel, cobalt, and ferrous salts yield pre- 
cipitates which are probably borides. Copper sulfate 
solutions give dark brown precipitates which do not 
contain boron and do not evolve hydrogen. Bromine 
in carbon tetrachloride is immediately decolorized 
while ferricyanide ion is reduced to ferrocyanide ion. 
Potassium permanganate, ceric sulfate, and hydrogen 
peroxide solutions are also reduced by the trimethoxy- 
borohydride. 

The trimethoxyborohydride reacts with diborane to 
yield sodium borohydride. Reaction with carbon 
dioxide leads to the formation of sodium formate and 
methyl borate. Boron trifluoride is rapidly absorbed 
at room temperature to liberate methyl borate while 
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the use of boron trifluoride etherate results in the rapid 
evolution of diborane. 

As a reducing agent for organic compounds, the 
trimethoxyborohydride is intermediate in behavior 
between sodium borohydride and the more powerful 
lithium borohydride. Aldehydes and ketones are 
generally reduced to the corresponding alcohols while 
cyclic quaternary ammonium salts are reduced to 
o-dihydro derivatives. 


LITHIUM GALLIUM HYDRIDE 


The solubilities and reaction characteristics of 
lithium gallium hydride bear a close analogy to those of 
the aluminohydrides. 

Lithium gallium hydride reacts with inorganic hal- 
ides to yield complex gallium hydrides: 

MeCl, + n LiGaH, Me(GaH,), + LiCl 


Thallium gallium hydride is prepared in this manner 
from thallic chloride. Silver gallium hydride is pre- 
pared from silver perchlorate rather than the halide. 

The reaction of lithium gallium hydride and gallium 
chloride in ether solution at 0°C. yields soluble gallium 
hydride which precipitates in a few days as the poly- 
meric gallium hydride. 

Lithium gallium hydride in ether solution is a milder 
reducing agent than LAH. The reduction behavior, 
only briefly investigated to date, is summarized in 
Table 9. 


TABLE 9 
Reductions with Lithium Gallium Hydride 


Functional group Product 


FunctionaL Greups Repucep 
Aldehyde, aliphatic 
Ketone, aliphatic 


Primary alcohol 
Secondary alcohol 


Quinone Hydroquinone 
Acid, aliphatic Primary alcohol 
Amide Amine 


Nitrile, aliphatic Primary amine 


FunctTIoNAL Groups NoRMALLY Not REDUCED 
Aldehyde, aromatic; ketone, aromatic; ester; nitrile, aromatic 
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Das erste Unbekannte hier, 
Ein brauner Saft, vielleicht ist Bier. 
Ach nein! Es riecht nach sau’rem Wein. 
Ich wund’re mich, was kann es sein? 
Doch sorge nicht, das Spiel ist so. 

Es kommt mit Zeit, so sei’n wir froh! 
Durch Biicher hier und echte Lust, 
Wird listig Saft gemacht bewusst. 

Zu Pferde dann, es fliegt die Zeit, 

und Neugier driingt zur Tatigkeit. 

Ich bin bereit mit meinem Buch 

und fang’ nun an mit Ziindversuch. 

Ja so, der gelben Farbe Schein 

zeigt Sauerstoff kann nicht hier sein. 
Nun Distillation gemacht, 

und Siedepunkt ist beobacht! 

Ein hundertachtundsiebzig gut— 

Es schwillt mein Brust mit kiihnem Mut. 
O Weh, ich fiirchte mich, Gefahr! 
Natrium Fusion macht mich starr. 

Die Wolke grau dreht sich empor; 

Es bebt die Hand wie nie zuvor. 

Ein Trépfchen fallt und Flamme quillt 
Ein’ Augenblick; das Herz mir stillt. 
Es ist getan! Zum Gott sei Dank; 
Ich hab’ dich, Unbewusst, im Schrank. 
Kein’ Ungewissheit kann hier sein: 

Ein blauer Niederschlag allein. 

Dein’ Elemente leg’ dich nackt, 

Mit starker Kraft der Sieger lacht. 
Probieren nun fiir Léslichkeit; 


1Epitor’s Nore: Ein aus-dem-organischen-Laboratorium- 
herausgezogenen-und-distillierten CHEM-Gem. Mit apologies to 
GortHeE who said it differently in “Die Leiden des jungen 
Werthers.’’ 
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Der Student, die Methode, und Ach! 


Das Kreis wird eng, brauch’ wenig Zeit: 
Nicht Wasser, und nicht “‘Alkali,”’ 
Salzsiure nun—vielleicht es sei— 
Jawohl! Jawohl! verschwunden ganz: 
Ich hab’ mir ein Amin beim Schwanz. 
Ein Hinsberg jetzt, und dann ich weiss, 
Wie meine Unbekannte heisst. 

Du liebes Kind] O schéner Tag! 

Die Saure gibt ein’n Niederschlag! 
Ich spiir’ den Tod mit Seele hehr; 

Die Unbekannt’ ich weiss Primar. 
Tabelle brauchen, welch’ Amin— 
Geliebte! du bist Anilin. 

Du Anilin, ja Anilin, 

Du bist kein andre, Anilin. 

Ertrag des Hinsbergs, wundervoll, 
Kristallisiert aus Alkohol. 

Schéne Nadel, getrockne gut, 

Ein Derivat und frischer Mut. 

Ein Schmelzpunkt endet dieses Spiel, 
Vor Weihnacht fertig, meines Ziel. 
Hoher steigt die Temperatur, 

Und Stille schreit in meine Ohr’. 

Ist achtzig nun, behiite Gott! 

Mein Derivat scheint ziemlich glatt. 
Starke, Starke, mein Amin!— 
Verschwand!—Leb’ wohl du Anilin. 
Ich bin allein; mein’ Seele graus’t 
Ich denke an des Goethes Faust: 
“Da steh’ ich nun, ich armer Tor, 
Und bin so klug als wie zurvor!”’ 


RICHARD W. MIL!.ER 


AmueErst CoLuecE, Cuass or 1957 
AMHERST, MAssaCHUSETTS 
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Is rue discussion of chemical equilibria nearly all 
textbooks of general chemistry and most textbooks of 
physical chemistry adapt a principle of moderation 
which may be expressed as follows: 


If a chemical system in equilibrium is subjected to a perturbation 
(stress), the equilibrium will be shifted (a reaction will occur) such as 
to partially undo this perturbation (appose the stress).—(1) 


This principle can be traced back to A. L. Le Chatelier 
(1) and F. Braun (2a, 2b). Le Chatelier acknowledges 
that he was inspired by the more restricted principle 
of mobile equilibrium of J. H. van’t Hoff (3) (see the 
closing paragraphs of this article), and by G. Lipp- 
mann’s ideas in the field of electricity (4). In turn, 
Lippmann refers to Lenz and his famous law (5): 


When a force acting on a primary electric current induces a 
secondary current, the direction of the latter is such that its 
electrodynamical action opposes the acting force. 


The Le Chatelier-Braun principle made a great 
impact on the chemistry of the turn of the century, and 
the possibility of numerous applications gave it a 
popularity which has persisted to the present. As 
early as 1909, however, P. Ehrenfest (6) and M. C. 
Raveau (7) pointed out that this principle in the form 
(I), or in any form equivalent to (I), is vague and 
ambiguous. Ehrenfest’s 1911 paper is a true master- 
piece; not only does he show flaws in a ‘“‘proof’”’ given 
by Braun (2b) (Le Chatelier never gave a theoretical 
justification), but he is also the first orfe to emphasize 
that a more careful formulation on the basis of thermo- 
dynamics clearly suggests two sets of cases: Under 
certain conditions the systems will indeed oppose a 
perturbation, (they are capable of resistance, ‘‘wider- 
standfahig,”’) but under other conditions they will 
relieve the perturbation (they are capable of adapta- 
tion, “anpassungsfahig’’). In the last decades several 
chemists and physicists have rephrased and supple- 
mented Ehrenfest’s remarks (references in subsequent 
paragraphs), but their efforts have remained surprising- 
ly unnoticed. Thus we find in the mind of many 
scientists the false notion that the Le Chatelier- 
Braun principle is “true” in the sense that it expresses 
some fundamental law of nature, the validity of 
which cannot be questioned. For example, in a 
leading monograph of the twenties we find (8): 


No proof (. . . of the Le C.-B. principle . . . ) in the ordinary 
sense can be given; it is a generalization based on experience. 


And in one of the outstanding modern textbooks of 
physical chemistry we read (9): 


This (. . . the Le C.-B. principle . . . ) is a principle of broad 
and ceneral utility, and it can be applied not only to chemical 
equilibria, but to equilibrium states in any physical system. It 


THE PRINCIPLE OF LE CHATELIER AND BRAUN 


J. de 
University of Colorado, Boulder, Colorado 


is indeed possible that it can be applied also with good success 
in the psychological, economic, and sociological fields. 


In view of these and other far-reaching claims by 
physical chemists, and the blind acceptance of the 
principle in a formulation such as (1) above in general 
and inorganic chemistry, we feel justified in sub- 
mitting a critical discussion, on a solid thermodynami- 
cal basis, to THIS JOURNAL. 


QUALITATIVE DISCUSSION 


Suppose that a gas reaction has come to equilibrium 
at a certain pressure P and temperature 7. We 
introduce the ‘‘perturbation” by placing this mixture 
in a thermostat at temperature 7’ + 67, maintaining 
the pressure at P. Then in due time our reaction 
mixture will have to adopt the new temperature 
T + 67, and no chemical reaction or any other change 
can ever “oppose” or even partially “undo” this. 
Thus, taken literally, formulation (I) is nonsense. 

It is possible however to phrase a meaningful and 
interesting question. To understand this clearly, let 
us assume for the moment that we could prevent any 
reaction from taking place in our gas mixture, i.e., 
“freeze the equilibrium.” Then, in acquiring the new 
equilibrium temperature, an amount of heat, go, would 
be absorbed by the system from the thermostat. 
But, of course, in reality a chemical reaction does take 
place, and with it is associated a certain heat effect. 
Consequently, when thermal equilibrium is established, 
the gas mixture will have taken up an amount of heat 
from the thermostat, g, which is not equal to go. |The 
relevant question is whether gq is larger than or smaller 
than go. As we shall see in later portions of the dis- 
cussion, the correct answer is: 


a> % (1) 


In words: The temperature increase induces an 
endothermic reaction to take place, so that more heat 
is taken up from the thermostat than would have been 
the case if all gases had been inert. Thus the equilib- 
rium shift does not ‘‘oppose”’ the heat transfer; to the 
contrary, it ‘‘aids’’ it. 

As our second example we consider a gas mixture 
under adiabatic conditions. We impose a perturbation 
by increasing the volume from V to V + 6V. Again, 
no process can ever take place in the reaction mixture 
which can “oppose”’ this volume increase. The correct 
question to ask here is whether on account of an 
induced chemical reaction the actual pressure lowering, 
|$P|, is larger than or smaller than the pressure lowering, 
|6Po|, which would accompany the volume increase if 
all gases were inert. As we shall derive later, the - 
answer is: 
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(2) 


The reaction indeed, in this indirect way, ‘‘opposes’’ the 
volume change. 

These two examples clearly show the dichotomy 
already observed by Ehrenfest. Thirdly, as a slightly 
different type of an example, we consider the reaction: 


|6P| < |dPo| 


Nz + 3H: = 2NH; 


at constant temperature. We ask what will happen if 
we add N; to an equilibrium mixture. The Le Chatelier- 
Braun principle, as expressed by (I) above, tells us that 
some NH; will be formed in order to take away the 
added component and partially ‘‘undo” the change. 
But the correct answer is: What will happen depends 
entirely on the initial composition of the mixture and 
the conditions under which the N2 is added. We shall 
see later that if the original mixture contains more 
than 50 mole % No, the addition, if made at constant 
total pressure, will lead to the decomposition of some 
NH; under the formation of even more No. If however, 
under similar conditions, we add N: to an equilibrium 
mixture containing less than 50 mole % of this gas, 
the result will be the formation of some NH;. Thus 
the situation is very complex indeed. 

The problem, to enunciate a clear and unambiguous 
principlé, which may be derived rigorously on the basis 
of thermodynamics and which covers all possible cases, 
has been tackled in a variety of ways by several 
authors (6, 10-16). In our opinion, the most elegant 
discussion, leading directly to a very general and 
abstract formulation, has been given by Epstein (14). 
Since we address ourselves primarily to chemists, we 
prefer to give the derivation for a special case in- 
volving a_ specific chemical reaction equilibrium. 
Subsequently we shall write down the generalization 
without proof. In the course of this analysis, equations 
(1) and (2) will appear in a slightly modified form. 
We shall return to the ammonia formation and show 
how the newly obtained rule may be applied to this 
case. In two final sections we shall make a comparison 
with van’t Hoff’s principle of mobile equilibrium and 
draw some general conclusions. Before embarking 
upon this sequence, however, we wish to summarize 
briefly certain basic thermodynamic formulas in a 
form with which many physical chemists, in particular 
in the U.S. A., are still unfamiliar. 


BASIC THERMODYNAMIC FORMULAS; DEGREE OF 
ADVANCEMENT AND AFFINITY OF A CHEMICAL 
REACTION 


The formulation of certain basic laws of thermo- 
dynamics in terms of the notions “affinity” and “degree 
of advancement” of a chemical reaction are due to 
Th. de Donder and his school (/7, 18). It may be 
mentioned here that within the last decade the ‘“Ther- 
modynamics of Irreversible Processes’ has made its 
impact, and since this new branch of physical science 
employs the de Donder system, the latter is beginning 
to receive some attention in this country (19).! 


1 Prigogine not only offers a clear and concise introduction to 
this subject of growing importance (which otherwise lies beyond 
the scope of this paper), but the introductory chapters also give 
an excellent summary of the de Donder formulation of “ordinary” 
thermodynamics. 


We start with the fundamental Gibbs equation for 
closed multicomponent systems: 


dE = TaS — PdV + widn; (3) 


or 


dS = (1/T)dE +(P/T)dV —(1/T) (4) 


where the yu; are the chemical potentials and the 1, 
the mole numbers of the various constituents 7. In- 
troduce the Gibbs free energy, G, and the Helmholtz 
free energy (work function), F:? 


G=E-TS+PV (5) 
F = E-TS (6) 


By combination of (3) with (5) and (6), respectively. 
we obtain: 


dG = —SdT + VdP + D widn; (7) 
1 


and 


dF = —SdT — PdV + D wdn: (8) 


Next let us allow for a chemical reaction between the 
components, the equation for which we shall write as: 


vai = 0 (9) 


Here the »; are the stoichiometric coefficients and the 
a; the molar quantities of the corresponding sub- 
stances. In using (9) we shall adopt the convention 
that the v; are to be taken positive when 7 appears on 
the right, and negative when 7 appears in the left of 
the reaction equation in its more common form, with the 
“reactants” on the left and the ‘products’ on the 
right. Now introduce the ‘‘degree of advancement” of 
the reaction, £, by the definition: 


dn; = vidt (10) 


Obviously this equation, which holds for each 7, does 
not fix an absolute value of & unless some initial 
conditions are specified. To eliminate all arbitrariness, 
we shall assume that at time ¢ = 0 we have exclusively 
“reactants” and set & equal to zero at this instant. 
As the reaction sets in, & increases to its equilibrium 
value &. If the reactants could be completely con- 
verted into products, — would attain its maximum 
value of unity.* 

Next we define the “affinity” of the reaction, A, 
by 


(11) 
2 


For a given reaction A is not only a function of the 
usual state variables, but also of §, as are the u:.' 


2 We use G and F, rather than F and A, for the free encrgy 
functions, since we shall use the letter A for “Affinity.” 

3 £, as defined, is related to the chemical reaction rate by ° = 
dt/dt. 

4In Mark W. Zemansky’s “Heat and Thermodynamics,’ 
McGraw-Hill Book Co., Inc., New York, 1951, the affinity 1s 


defined as = vi(uile = Of course Aj/2 is a consiunl. 
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With (10) and (11), the equations (3), (4), (7), and 
(8) can be written as follows: 


dE = TdS — PdV — Adt (12) 
dS = (1/T)dE + (P/T)dV + (A/T dé (13) 
dG = —SdT + VdP — Adé (14) 
dF = —SdT — PdV — Adt (15) 


From (12), (14, and (15) we obtain alternative defini- 
tions of A: 


A = —(0E/dé)s, y = —(0G/dE)p, r = —(OF/dE)y. 7 (16) 


Hence in order to know A, we have to know E, G, or 
F, (depending on the general reaction conditions) as 
a function of ~ As an example we have drawn in 
Figure 1 a typical plot of G,p,, versus é and in Figure 2 
we show the corresponding variation of A. For the 
equilibrium mixture Gp,, is a minimum and A is 
zero. As & increases, A goes from + © through the 
equilibrium value to — ~. Note that for all é: 


(0A/dE)p, r < 0 (17) 


For a detailed discussion of affinity we refer to the 
literature (15, 16, 17, 18). For our purpose it is 
important to mention that the general appearance of 
the A vs. — curve, as shown in Figure 2, is preserved 
when the auxiliary conditions are different. Thus we 
have for reactions at constant V and 7’: 


(0A/dt)y, r < 0 (18) 


and for a process in an isolated system (adiabatic and at 
constant V): 


(0A/dE)s. <0 (19) 
t 
Figure 1 


Figure 2 
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RIGOROUS THERMODYNAMIC DERIVATION 


We return to the second example of the qualitative 
discussion and consider the adiabatic volume increase 
of a mixture of reacting gases. We are now in a 
position to write down the implied result (2) in a more 
explicit form as follows: 


—(0P/dV)s, 4-6V < —(0P/dV)s, ¢-5V (20) 
The term on the right gives the pressure lowering 
which would result if no reaction could take place 
(— constant). The term on the left gives the -pressure 
lowering accompanying the equilibrium shift (A 
remains constant at zero). Of course, both sides of 
(20) are positive. We shall now proceed to prove 
equation (20) (14). 

Since we have an adiabatic process, P may be written 

as a function of V and é: 

dP = (OP/dV)s,edV + (OP/dE)s.v dé 
from which: 


—(0P/dV)s, 4 = —(OP/OV)s, — (OP/dE)s. v-(DE/IV)s, 


But since A is also a function of V and €: 
dA = (0A/dV)s,¢ dV + (0A/dE)s, v dé 


from which: 
(d€/0V)s, 4 = —[(0A/OV)s, ¢]/[(0A/2E)s. v] (22) 
Finally, from (12), since dH is an exact differential: 


(OP/dE)s, = (0A/OV)s. (23) 
Upon substitution of (23) and (22) in (21) we obtain: 
—(0P/d0V)s,4 = —(OP/dV)s,& + 
[(0A/OV)s. vy] (24) 


The term on the left of (24) is positive and so is the 
first term on the right. But the last term on the right 
is negative, since the denominator is negative by (19). 
Hence: 


—(0P/dV)s, 4 < —(OP/OV)s, (25) 


which completes the proof of (20). At the same time 
(25) implies: 


—(0V/OP)s, 4 > —(O0V/dP)s, 


hence: 


—(0V/dP)s, 4-6P > — (OV/dP)s, 


(26) 


Thus, whereas (20) shows that our system “‘resists’’ 
volume changes, at the same time (26) shows that it 
“relieves” pressure changes, and the Ehrenfest dichot- 
omy appears directly within the framework of our 
derivation. 


GENERALIZATION; FORMULATION OF A VALID 
PRINCIPLE 


Generalized treatments may be given along essen- 
tially the same lines as suggested in the previous sec- 
tion (10, 11, 14, 15). In order to formulate the results 
in the most elegant way, we write equations (3) or (12) 
in the form: 


dE = (27) 


where, in the Mach-Helm-Ostwald terminology, the 
x; are the “extensive variables” (S, V, ni, ete.), 
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additive if the system is divided into parts. Similarly, 
the X, are the corresponding “intensive variables” 
given the appropriate sign (7’, -P, ui, etc.). The sum 7 
extends over all couples of variables that determine the 
state of the system under consideration. We do not 
wish to enter a discussion on the question how “‘logical”’ 
the names “intensive” and ‘extensive’ variables are. 
We simply consider these notions defined in terms of 
equation (27) (20). Several sets of alternative names 
such as “generalized coordinates” (the x;) and their 
“conjugate forces’ (the have been suggested. In” 
terms of these quantities the following equations are 
obtained : 


(OX;/Ox;) xx. ete. < ete. (28a) 
(02;/OX ;j)xx. ete. > ete. (28b) 


The (X;,2;) couple may be called the ‘‘action” variables 
the (X;,2x) couple the “reaction” variables, and the 
remaining couples the “other” variables (17). The 
word “etc.” appearing in each partial differential is 
meant to indicate that for the validity of equations 
(28a) and (28b) it is irrelevant which of the ‘‘other” 
intensive or extensive variables are kept constant. 
Note also that a possible minus sign appearing with an 
X in (27) does not affect equations (28). It is easily 
seen, by comparison of the expressions (12) and (27) 
for dE, that the results (20) and (26) are special cases of 
the equations (28a) and (28b), respectively. We can 
now also easily write down a more explicit equation, 
which embodies the result (1): 


(OS/OT’)a, ete. > (OS/OT ere. (29) 


In many applications to chemical equilibria the re- 
action variables are the affinity, A, and the degree of 
advancement, ¢. In these cases equations (28) take 
on a slightly less abstract form, which may be put into 
words as follows: 

The change of an intensive variable caused by changing the cor- 
responding extensive variable is smaller if chemical equilibrium is 
maintained than if no reaction could take place in the system.—(Ila) 


The change of an extensive variable caused by changing the cor- 
responding intensive variable is larger if chemical equilibrium is 
maintained than if no reaction could take place in the system.—(IIb) 


Again the Ehrenfest dichotomy is apparent. We 
should remember, however, that all these dual for- 
mulations are simply two aspects of what is essentially 
the same mathematical expression. 


ADDING A COMPONENT TO A REACTION MIXTURE; 
AMMONIA FORMATION 


When we add a component (2/) we no longer are 
dealing with closed systems. We assume for simplicity 
that we only add one of the reacting substances, 
which we shall denote by j. Generalizations are 
obvious. We may now write: 

dn; = dn; + dn; (30) 
where d.n; refers to external changes in n;, caused by 
adding some j from outside, and dm; to internal changes 
in nj, caused by a chemical reaction within the system. 
For such an open system the equation for the internal 
energy change takes the form: 


dE = TdS — PdV — Adé + pjdn; (31) 
where the term u,dn; is contained in Adé. In analyz- 


ing the effect of the addition of some 7, we must clearly 


specify the conditions. We shall choose constant 
temperature, 7’, and constant total pressure, P. Now, 
by (28a): 

< 7, (32) 


This implies that the ‘‘primary”’ increase in yu; caused by 
the external addition is opposed by the equilibriuin 
shift. In other words: The induced chemical reaction 
has to lower y;. 

This is the starting point of our subsequent analysis. 
At this point, the most important observation to make 
about this result, (32), is that it does not as yet allow 
us to draw any conclusion as to the direction of the 
equilibrium shift or, in our terminology, as to the 
sign of 6 The simplest example, that of a reaction 
between ideal gases, shows all the essential features 
for our purpose. We therefore restrict ourselves to 
this case. We then have: 


wy = + RT inp; (33) 


where u;° is a function of 7 only and p; is the partial 
pressure of component j. By (33), if the equilibrium 
shift has to cause a decrease in u;, p; has to decrease. 
By definition: 


pi = (nj/>n)P (34) 
so that, at constant P: 
(Op;/d8)p = — (35) 
But by (10): 


On;/OE 


vj 


and: 


= Yor 


which yields in (35): 

In this derivation no reference is made as yet to any 
specific (ideal) gas reaction. The result shows that the 
all important sign of (Op;/0é) is dependent on the 
relative magnitude of »;(>on) and n; (ov). Either of 


these two terms may exceed the other. 
Let us now consider specifically the reaction: 


N. + 3H: = 2NH; 


and add some N; to the equilibrium mixture at con- 
stant P. With the convention we adopted for the use 


of equation (9), we have v»; = —1 and }iy = —2. 
Thus equation (36) becomes: 
(Opw./dt)p = [2nx, — Don] (37) 


In other words, if 2nmxe> >on (if the original mixture 
contains more than 50 mole % Ne): 


(Opn./dE)p > O (38) 


But, as we saw above, addition of N2 requires a decrease 
in pro, hence by (38) & must also decrease, whic! in 
turn means that the equilibrium has to be shifte to 
the left: Adding Nz under these circumstances, which 
are by no means unrealistic, causes decompositio! of 
some NH; under the formation of even more \:. 
Obviously the crux of the matter is that under these 
circumstances an equilibrium shift to the right would 
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cause such a large volume contraction, that pxyz would 
have increased netwithstanding a decrease in nyo. 


VAN’T HOFF’S ‘‘PRINCIPLE OF MOBILE 
EQUILIBRIUM” 


The well-known equations for ideal gases: 
(O01n K,/O0T)p = AH°/RT? (39) 
and: 
(O1ln K./OT)y = AE°/RT? (40) 


are usually referred to as the van’t Hoff ‘reaction 
isobar” and ‘‘reaction isochor,” respectively. Indeed, 
in 1884 (3) van’t Hoff was the first one to derive a 
relation essentially equivalent to (40) and it was 
upon this equation that he based his “principle of 
mobile equilibrium”’: 


An increase in temperature causes an equilibrium to be displaced 
in the direction of heat absorption (causes an endothermic reaction 
te take place }—{III2). 


In 1898 this rule was supplemented by the following 
(22): 
An increase in pressure (at constant temperature) causes an 


equilibrium to be displaced in the direction of volume contraction— 
(Iz). 


The latter statement has been related to the equation: 
(0 ln Ky/O0P)r = —AV/RT (41) 


where Ky is the equilibrium constant in terms of mole 
fractions (K, and K, are independent of pressure), al- 
though we cannot find such a formula in van’t Hoff’s 
writings. It is true that van’t Hoff claims a validity 
for his rules which reaches far beyond the immediate 
range of applicability of equations (39), (40), (41), but 
he never attempts to generalize in the manner of Le 
Chatelier and Braun. Even in 1898, he never referred 
to their work at all. 

A simple analysis reveals that (IIIz) and (III2z) are 
implied in the second [(IIb)] half of the general prin- 
ciple as formulated above. Thus, the principle of 
mobile equilibrium immediately explains the funda- 
mental result (1), and equation (39) offers a powerful 
quantitative correlation. But there is no analogous 
counterpart to the other [(IIa)] half of the general 
formulation. Ipso facto the van’t Hoff rules cannot 
account for inequalities such as (2). 

This brief survey shows that it is at least inelegant 
to refer to the original rule (I) as the ‘Principle of Le 
Chatelier and van’t Hoff,” as is sometimes done ex- 
plicitly and more often implicitly. On the one hand, 
le Chatelier should not share in the credit for the 
formulation of the principle of mobile equilibrium. 
On the other hand, the more ambitious generalizations 
should not be attributed to van’t Hoff. 


CONCLUSIONS 


The original Le Chatelier-Braun principle in the 
form (I) has been called a “Principle of Moderation,” 
a “Principle of Action and Reaction” (Nernst), a 
“Priiciple of ability of adaptation” (Chwolson) and a 
“Principle to preserve a status as much as possible” 
(Weinstein). Undoubtedly one of the main reasons 
for its popularity has been the possibility of such almost 
metaphysical interpretations. But as we have seen, 
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the actual situation does not justify any of these. To 
quote Max Planck (/2): 


The idea that nature has a certain interest to preserve an 
equilibrium state at all cost is wrong. Nature is essentially in- 
different; in certain cases it reacts in one sense, but in other cases 
in the opposite sense. 


The correct formulation (II) has lost all metapbysical - 
flavor, and, with it, most popular appeal. It can only 
be properly understood in terms of some thorough 
thermodynamic treatment, which should find a place 
in most of our physical chemistry courses, certainly in 
the more advanced ones. 

A review of the status of the Le Chatelier-Braun prin- 
ciple in general chemistry courses is long overdue. Its 
apparent usefulness may be ascribed to a combination 
of two factors: 


A specific, otherwise entirely arbitrary, interpretation of a 
vague formulation such as (I), and 

A careful restriction of the examples to those cases resorting 
under the second [(IIb)] half of the correct rule. 


The latter restriction suggests that many of the suc- 
cessful applications are really direct consequences of 
van’t Hoff’s more restricted principle of mobile equi- 
librium. Any consistent interpretation of (I) has to 
lead to contradictions if we no longer limit our ex- 
amples to those of one category. In fact it is of both 
didactic and historic interest to relate that. Ehrenfest 
was first induced to examine critically the principle 
when one of his students pointed out to him that appli- 
cations in some cases led to incorrect predictions (6). 

Formulations such as (II) and alternative correct 
formulations known to the author (see references 
(10-16) are unsuitable for elementary courses. What 
action can we take? Tous, at this stage, the most prom- 
ising procedure seems to be to replace the Le Chatelier- 
Braun principle by a small number of rules each of 
which has a limited range of applicability and is less 
ambitious (such as the ones given by van’t Hoff), but 
which, on the other hand, allows for one and only one 
interpretation and may ultimately be justified on 
thermodynamic grounds. 
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Decotorizine of a solution of an organic compound 
prior to chromatography requires heating the prepared 
solution with carbon black or carbon black and filter 
aid. The heated solution is filtered and then added 
to the chromatographic column. The collected frac- 
tions are concentrated to recover the organic compound. 

Some of the shortcomings of this method result 
from the number of transfers required and the dif- 
ficulty of completely filtering off carbon. Consequently 
significant quantitative information is more difficult 
to obtain. 

In this laboratory a dry packing procedure has been 
employed which considerably eliminated the above 
difficulties. The adsorbent (A) is added with tapping 
and periodic tamping until the desired length of 
column is obtained. The adsorbent is covered by a 
layer of absorbent cotton (B) followed by a layer of 
intimately mixed activated carbon: filter aid! (3:1 by 
vol.) (£) another layer of cotton (C) and finally a 
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layer of purified sand (D). The sand is used to prevent 
the cotton from floating up when liquid is added. 
The decolorizing layer (Z) should not be more than one- 
tenth the length of adsorbent. The effluent from the 
column is fed directly into a continuous concentration 
apparatus through a cork stopper (Ff). This consists 
of a 3-way connecting tube (@) leading to the tared 
concentration flask (H). The third connection carries 
the distilled developer to the combined condenser 
and analytical still head (J) from which it is collected 
in a graduated cylinder (J). The concentration flask 
was heated by a constant level hot water bath (K) on 
a hot plate (L). When a fraction is ready for removal, 
the bottom end of the column is corked for 10 minutes 
to assure complete removal of the developer. The 
developer may be fed into the column by a constant 
level device (M) prepared from a 5-mm. i.d. tube 
sealed on to the neck of a single necked round bottom 
flask filled with developer and supported so that the 
end of the tube is at the desired liquid level in the 
column above the sand. This procedure may be 
modified so that developers boiling above 100°C. can 
be removed by an appropriate constant temperature 
bath. If it were desirable the adsorbent could be 
added to the column by one of the wet-pack methods. 
The dry-pack method using Florisil? as an adsorbent 
has been found most convenient in this laboratory. 
The proposed method has a number of advantages 
over some more common practices. After the solution 
to be decolorized and chromatographed is added to the 
column, no transfers are required. Thus reliable 
quantitative data are easily obtained. In fact, traces of 
material can be isolated easily from a large volume of 
developer with no losses. The apparatus once in 
operation requires little care. Overheating of the 
residue obtained by evaporation is minimized by the 
hot water bath. When a fraction is removed, the 
volume of developer distilled can be read directly in 
the graduated cylinder and the weight of residue can 
be obtained promptly by weighing the tared con- 
centration flask. 


1A suitable filter aid is Celite Analytical Filter-Aid, manu- 
factured by the Johns-Manville Co., New York, N. Y. 

2A product of the Floridin Company of Tallah:ssee, 
Florida. 
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OF CHEMISTS’ 


Oxe may assume that the chemists of the next 
generation should be experts in dealing with matter, 
i.e., its recognition, preparation, purification, and use. 
They should be better prepared in this respect than the 
graduate of the present day who shows often a quite 
noticeable lack of knowledge concerning the appearance 
as well as the physical and chemical properties of 
common substances. Evidence is all around us. 
Graduates of one school will spend five minutes going 
over a shelf displaying nothing but colorless substances 
when searching for potassium dichromate or copper 
acetate. Our own students are quite frequently 
surprised and puzzled by the separation of the mixed 
oxides during the analysis of limestone, and the mention 
of brass seems to call up visions of a band or an x-star 
general! It is quite certain that these shortcomings 
of bachelor-degree graduates may not be remedied by 
graduate studies which by necessity will have to focus 
more and more upon advanced theory, nucleonics, and 
complex instrumentation. 


WEAKNESS OF GENERAL CHEMISTRY LABORATORY 


The American college may take credit for the fact 
that it is obviously making up for the deficiencies of 
entering freshmen. Only this and the natural ability 
of individual students can explain the excellence of so 
many of America’s professional men. The task of the 
college is certainly not a simple one, and one wrong 
decision made some 50 years ago in the chemistry 
curriculum cannot rate but a minor flaw. We mean the 
decision to support the lecture in general chemistry by 
a general chemistry laboratory. 

The general chemistry laboratory is bound to fail in 
the task of familiarizing the student with the appear- 
ance and properties of matter since it violates basic 
requirements of good teaching. Above all it fails to 
arouse the consuming interest that is essential if the 
memory is to retain facts. We are fully aware that 
better minds than ours have struggled with the problem 
of the general chemistry laboratory and its organization 
for mass instruction. We are also convinced that the 
general chemistry laboratory at our own institution has 
been organized with special ingenuity and is operating 
under very favorable conditions. In spite of all this, 
it has been our observation that students are trying to 
get away from the laboratory sessions as quickly as 
possible. This is an attitude which, as a rule, is 
not observed in other chemistry laboratories where 

' Presented before the Division of Chemical Education at the 


130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 
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the customary request is for additional hours of work. 

The failure to gain the interest of the students in the 
general chemistry laboratory is not surprising when one 
considers the type of experiments performed: repeti- 
tion of harmless lecture experiments which some 
students may have seen already in high school and test- 
tube experiments slyly selected to provide reasoning 
toward the key steps of separation for some half- 
hearted passes at qualitative analysis. 

There is no lack of suggestions for the improvement 
of the general chemistry laboratory. The teacher is 
exhorted to try his utmost to render the course interest- 
ing.2 We do not have enough teachers, however, who 
are able to overcome the boredom year after year by 
sheer genius and vitality. Jt seems more to the point to 
abandon an enterprise which proves very difficult and 
refuses to bring the desired results. The situation may 
be summarized by quoting from the preface of a book 
on “Laboratory Problems in General Chemistry.’’* 


Despite the impressive claims made for the importance of 
laboratory work in general chemistry, it is disturbing to discover 
how much of it consists in having the student mix several sub- 
stances and then report a color, odor, or precipitate formation in 
the space provided on the report page. More often than not, 
the student is simply reporting a reaction that he has read in his 
textbook and probably seen demonstrated in lecture. Worse 
yet, who knows how many students prepare their lab reports the 
night before class from the textbook. . . . Laboratory work thus 
becomes not only mockery of the word ‘‘experiment’’ and a de- 
basement of the “‘scientific method” we all preach, but it is also 
an appalling waste of time by the student who hands in the ex- 
periment and by the professor who grades it. 


THE EXCITEMENT OF EXPERIMENT 


Some general chemistry teachers have already 
recognized the superiority of qualitative analysis as a 
teaching instrument. At least, the article by Summer- 
bell* gives this impression: 


Almost every teacher of our now standard college freshman 
chemistry courses will testify that the course comes to life when 
qualitative analysis is reached. This phenomenon .. . results 
from the fact that we are introducing the student, often for the 
first time, to the excitement of experiment. He has a real, if 
somewhat artificial problem, the contained ions of his unknown 
solution. [The italics are ours, the actually superfluous word indi- 
cates the undesirable general trend.| He proceeds to ask ques- 
tions of nature by doing experiments, and nature answers. The 
teaching must be very inferior or the student very stupid to escape 
some of the excitement of experiment. [Italics are again ours.] 


2? Xan, Joun, J. Cuem. Epwc., 31, 519 (1954). 
3 NECHAMKIN, Howarp, “Laboratory Problems in General 
Chemistry,”’ Thomas Y. Crowell Co., New York, 1954. 
4 SuUMMERBELL, Rosert K., J. Cuem. Epvuc., 31, 365 (1954). 
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One may add that even a simple unknown requirer 
the approach used in research: inspection of the problem 
and decision concerning the action to be taken, perform- 
ance of experiments and observation, weighing of 
evidence, possibly decision on a final crucial experiment, 
and arriving at a conclusion. The student has a per- 
sonal problem, and he is forced to do his own reasoning 
and to make decisions. There is also a keen interest 
in the outcome of the investigation whether the 
student feels that he is pitting his intelligence against 
nature or whether he is merely trying to outsmart 
his instructor. Furthermore the student will make an 
intentional effort toward the improvement of his 
technique at least to such an extent that his experi- 
ments become able to give decisive answers to his 
questions. Above all, the student learns chemistry 
by repeatedly meeting the more common substances 
in different forms, in different combinations, and under 
different circumstances. His mind is captivated by the 
observation of phenomena and the attempt of cor- 
relating them with substances. Some elements will 
make a strong impression on his mind because of their 
clear-cut characteristics and the ease of their recognition, 
others will leave a mark on account of the trouble they 
give. 

Summerbell® points out, however, that 


... as a teaching device, qualitative analysis is far from ideal. 
The techniques are too repetitive to constitute good teaching 
practice. Not enough thought is required, since a mediocre 
student, by slavishly following directions in cookbook fashion, 
will emerge with satisfactory results. In spite of the unknowns, 
interest lags perceptively toward the end of the course. 


Summerbell then proceeds to make a remedial sugges- 
tion which would be worth while to consider in connec- 
tion with an advanced course in qualitative analysis. 
Commenting, we like to point out that repetition is 
good teaching practice. The monotony of excessive 
repetition is prevented by offering alternatives of 
technique and a choice of schemes of separations. 
Summerbell’s criticism is, however, entirely justified if 
qualitative analysis is taught as is customary today. 


EMPHASIS ON OBSERVATION AND INTERPRETATION 


In the teaching of beginners’ qualitative analysis, 
many have strayed from the proper course because of 
the tacit assumption that qualitative analysis is taught 
for its own sake. This and the overemphasis on 
grades and, consequently, on correctness of reported 
findings seem to have led to the use of carefully tested 
procedures and detailed directions. In addition to the 
very undesirable preoccupation with the analysis of 
solutions, the students are supplied with elaborate 
schemes stating quantities and concentrations of 
reagents and frequently numbering solutions and 
precipitates in order to avoid confusion. If flow sheets 
are provided in addition to the detailed directions, 
most students do not take the time for studying them 
and do not have the slightest notions concerning the 
reactions and substances occurring in their solutions 
and precipitates. It is far more efficient to refer to the 
thing as ‘Precipitate No. 17” than to say “the residue 
from the extraction of the hydrous oxides with alkali 
hydroxide and bromine, which is supposed to be 
hydrous ferric oxide.” 
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Whereas carefully tested, elaborate schemes are 
required if qualitative analysis shall be practiced wit! 
some assurance of success, they completely defeat 
the real teaching goal of a beginners’ course. For 
the teaching of chemistry, the information should not 
go beyond the statement of principle, which is best 
supplied in the form of simple flow sheets. The 
student then has no other means than observation and 
an understanding of the reactions involved for arriving 
at sensible decisions as to what constitutes a proper 
amount or a proper excess of reagent. He is forced 
to read explanations concerning the requirements of 
the reaction (which should be stated in purely qualita- 
tive terms), and he is forced to make his decisions 
according to his observations on the reacting system 
and his interpretations of these observations. He will 
not produce anything but ridiculous conclusions unless 
he familiarizes himself with the substances concerned 
and succeeds in understanding at least the main 
points of the chemistry involved. 

Today, there naturally is the problem of preventing 
the use of elaborate schemes which did not exist some 
50 years ago. Obviously the freshman qualitative 
laboratory is also not the place for using automatic 
separations in columns or involved sensitive and specific 
tests for the circumvention of separations. Complex 
organic reagents should be avoided since they will 
produce little beyond a clutter of inane information of 
the type, “Cadmium is a red speck with Cadion.” 

We recommend that qualitative analysis for beginners 
be based upon some ancient books on qualitative 
analysis, which retained plenty of emphasis upon the 
simple field tests of the mineralogists. Most useful 
would be a book presenting mainly tables and flow 
sheets bare of any quantitative information. 

We recommend one or better two terms with three to 
six laboratory hours and one hour of seminar per 
week. The seminar should be used for the demonstra- 
tion of laboratory technique; interruption of laboratory 
work by lengthy demonstrations or explanations is 
an abomination. The seminar may serve to settle 
once and for all the meanings of “colorless,” “clear,” 
“turbid,” “opalescence,’’ and “‘precipitate.”” The proper 
use of two kinds of illumination for the observation 
of color and heterogeneity should be discussed, and a 
simple nepheloscope should be made available in the 
laboratory. The seminar would also be the place for 
a systematic discussion of melting point, volatility, 
hardness, color, streak, and solubility of the more 
common substances. This may be done with reference 
to the periodic table, the analytical classification, or 
both. It is not sufficiently realized that a solubility 
table provides the key to most of the analytical sepa- 
rations and that it is very simpleto remember a solubility 
table in qualitative terms. 

The seminar should also be used for demonstrating 
the reactions of the more common elements, and this 
demonstration may be combined with a discussion of 
the various consequences of the law of chemical 
equilibrium. Emphasis should, however, remain ‘1pon 
the demonstrations which should teach proper  ech- 
nique and should be performed by the lecturer him- 
self. This is the occasion for teaching how to opel 
bottles, how to care for the purity of reagents, anc how 
to use a Bunsen burner, blast lamp, blowpipe, etc. We 
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do not think that any time can be spared for quizzes 
and examinations; the grade should be based upon the 
laboratory reports and the observation of the student 
in the Jaboratory. 

The laboratory work should consist of preliminary 
experiments with known substances and analyses of a 
large number of simple unknowns. Emphasis should 
be on the analysis of solids and the use of “dry” tests 
(flame test, bead test, heating in the tube, heating on 
chareoal, testing with dilute and with concentrated 
sulfuric acid). All required reagents should be contin- 
uously displayed on shelves; only the formulas should 
appear on the labels. Getting the reagents from a 


systematically arranged shelf is in itself a teaching 
device. 
As to the scale of experimentation, it seems best to 
offer a choice of macro and semimicro techniques. 
Doubts are occasionally raised concerning the 
suitability of qualitative analysis for mass training in 
the freshman year. 


We do not believe such doubts 


justified since qualitative analysis requires only simple 
apparatus. On the mental side, qualitative analysis 
represents the historical approach since chemical 
science had to start with the investigation of the nature 
of matter. The instructor of the freshman year should 
find it more congenial with the atmosphere of a college 
to act as scientific adviser in a qualitative laboratory 
than to be the disciplinarian, generator of a somewhat 
synthetic enthusiasm, and rather arbitrary grading 
machine of a general chemistry laboratory section. 

A further course in qualitative analysis. should 
follow the course described above. It would have the 
benefit of working with students having considerable 
knowledge of the more common substances. Dis- 
cussions of theory will meet better understanding and 
the practice of refined laboratory technique will be 
appreciated. The advanced course could justifiably 
strive to include micro technique, chemical microscopy, 
extraction methods of separation, chromatographic 
techniques, and trace search with specific reagents. 


* IDENTIFICATION ANALYSIS, A STIMULATING 


“Ayr no point is the student forced to make a real 
choice as to what he should try next.” R. K. Summer- 
bell’s? statement, quoted here, well characterizes the 
main shortcoming of our usual qualitative analysis 
courses. Strangely enough, it has not received much 
attention from critics and reformers in recent years. 
Rather, the role of the chief villain was undoubtedly 
played by hydrogen sulfide. We have seen a number 
of expurgated versions proposed to deodorize the 
classical but, oh so smelly Bunsen-Fresenius cation 
separation scheme, by the use of such compounds as 
thioacetamide which release gradually, upon heating, 
the same HS still needed to effect the group separation. 
More recently, a new nonsulfide cation separation has 
been worked out by P. W. West and co-workers,* 
based upon selective precipitation of hydroxides from 
buffered solutions. 

In every instance, the cation separation and classi- 
fication scheme has remained the central theme of the 
qualitative analysis course. Since most students, by 


REVIVAL OF QUALITATIVE ANALYSIS’ 


p ‘Presented at the 130th Meeting of the American Chemical 
Society, Atlantic City, September, 1956. 

*SuMMERBELL, R. K., G. Lestina, L. C. Kine, H. M. Nev- 
MANN, J. Cem. Epuc., 32, 475 (1955). 

*Wrst, P. W., M. M. Vick, A. L. LeRosen, “Qualitative 
Analysis and Analytical Chemical Separations,” The Macmillan 
Co., New York, 1953. 
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far, are taking only one semester, or even one quarter of 
qualitative analysis, they never get much beyond that 
cation analysis scheme in a standard course. They 
find themselves pretty much in the situation of the 
well-shepherded group of tourists who dare not step off 
the trail laid out for them, lest they be eaten by head 
hunters or—Heaven forbid—miss one of the “‘required”’ 
three-star sights. Just as the thoughtful and imagina- 
tive traveler has long discovered that there is more fun 
to be had off the beaten path, the intelligent chemistry 
student deserves to be liberated from his all too narrowly 
guided tour through inorganic chemistry. Let us 
admit that he has been only mildly enthusiastic about 
his analytical exploits: they start with a nondescript 
liquid, dumped together for him by an assistant and 
bearing no easily recognizable resemblance to any real- 
life analytical sample; they continue with that left- 
foot, right-foot, left-foot right-foot march along the 
narrow pavement of the textbook’s separation scheme, 
relieved with occasional sightseeing when one of the 
cations is being separated and confirmed. At the end 
of these doings, our chemistry student formulates his 
findings that the sample contains, among possible 
others, such ions as he tested for and found present. 
A fragmentary result, he feels, without much signifi- 
cance to him or to anybody else. 


7 RICHARD E. FRANK 


THE CONTRAST OF PRACTICAL ANALYSIS 


Any chemist who has performed a fair number of 
practical qualitative analyses, or has watched others 
doing so, will know that this activity proceeds in a 
much freer style than the usual course work just 
discussed. The analyst examines any record, label, 
or letter connected with the sample and inspects the 
material as to looks, smell, feel, weight, etc. If, by 
this time, he has already an idea what to look for, he 
may be seen grabbing a reagent bottle and making some 
specific test which, according to orderly procedure, he 
is only entitled to try two hours later. If he has no 
leads yet, he will look for them by subjecting the 
unknown substance to a few simple tests and closely 
following everything that happens. This is usually 
when onlookers stop talking, because they become 
aware of the suspense of the situation and the con- 
centrated mental effort being made to solve the problem. 
What happens from here on is largely a question of the 
analyst’s ability to observe keenly, to interpret cor- 
rectly, and to make the right decisions as to which 
elimination and confirmation tests he should carry out 
next. If he is a good man and hasa lucky day, chances 
are high that one or two little tests, well performed and 
fully exploited, will tell him most of the story, and he 
has only to insure himself against error with a careful 
follow-up of confirmatory tests. 

This necessarily sketchy, much too generalized and 
somewhat overoptimistic picture of the activities of a 
practical qualitative analyst was drawn here, not to 
try to explain away the intricacies and pitfalls of 
qualitative analysis, but rather to show how much the 
actual praxis of qualitative analysis and the academic 
course content of the same name have grown apart, and 
to give an idea how much could be gained on the 
academic side from adopting a similar lively and un- 
prejudiced approach. 

Naturally, the time available for an elementary 
course in qualitative analysis is limited, and the 
adoption of a new course content necessitates the 
elimination of a large portion of the time-honored 
curriculum we are having now. This author contends 
that the part most worthy to go is precisely the system- 
atic cation separation scheme, with or without HS, 
either not to be taught at all in the elementary course, 
or to be relegated to the end of it, maybe as an extra 
project for the superior student. I cannot see too 
great a loss in that. Interesting chemical facts are 
where we look for them. We have become used to so 
many hitching posts along that one road that we 
doubt there will ever be one like it again. 

Those teachers to whom the hitching-on of extraneous 
materials has become the sole excuse for traveling the 
road of qualitative analysis at all, can, of course, not be 
expected easily to let go from the scheme. But the 
many others who see enough intrinsic values in qualita- 
tive analysis itself to justify its teaching will not 
lightly dismiss this alternative. It would be futile, 
indeed, to argue that a full knowledge of qualitative 
analysis can ever be acquired without a workable 
cation separation scheme being included. But, what 
the one-term qualitative analysis course imparts to 
the student today has no resemblance to a “full knowl- 
edge” of this art, and what the decision at hand 
amounts to is simply what to leave out: either a 


wealth of interesting anion testing, including the use 
of modern spot-test methods for which nobody finds 
time today, or the pretentious, tradition-laden, ou:- 
moded, time-consuming, and pedantic cation separation 
scheme. As indicated by the choice of adjectives, the 
latter is what this writer suggests. 


THE USE OF STARTING TESTS 


Once the cation scheme is out the window, a re- 
appraisal of other segments of qualitative analysis 
seems in order, particularly of such items as may have 
been pushed into the corner in years past. In this 
category are the so-called “‘preliminary tests” which 
acquired the bad reputation of wasting an inordinate 
amount of the student’s time. And, indeed, they 
were hard to justify, when followed and duplicated by 
as systematic and holeproof a procedure as the cation 
separation. Now they appear in a very different 
light, and a careful re-examination in the author’s 
laboratory led to the rehabilitation of some of these 
quickies. As the sample analyses given below will 
prove, the function of these tests in the new analysis 
setup is such an essential one that continuing to call 
them “preliminary” would be misleading. Instead, the 
name starting tests is suggested here, -indicating that 
the analysis proper is started with these tests, and that 
they should be regarded as an intrinsic part of the 
procedure. The six starting tests taught in the 
author’s course are: (1) physical inspection of the 
solid sample, (2) ignition test, consisting of gradual 
heating of a wheat-grain sized sample in a 10- X 75-mm. 
test tube or ignition tube, (3) flame test, (4) action of 
water, (5) action of dilute sulfuric acid, (6) action of 
concentrated sulfuric acid. Bead tests and blowpipe 
work may also be included in this category, depending 
on the individual preferences of the instructor. 

The nature of the starting tests just described 
reveal another departure from common usage: solid 
samples rather than solutions are handed out. If 
there is any virtue at all in simple observations and 
their intelligent interpretation, this rich opportunity 
to practice these abilities should not be overlooked. 
Students are amazed and fascinated by the unexpected 
wealth of sensory impressions they learn to record and 
put to use in the inspection of the sample and the 
other starting tests. The same person who yesterday 
described a sample as “white powder (period),” will 
soon be found writing down something like this: 
“coarse, even-grained, crystalline white powder, free- 
flowing; individual crystals are needlelike, up to 2 mm. 
long, clear, colorless, and show exceptionally high 
luster; they are hard and brittle and seem not to be 
hygroscopic.” 


RECORDING OBSERVATIONS 


This is another feature of primary importance in 
the new type of qualitative analysis course here 
proposed. The examples given below will show one 
of many possible patterns for such records, but this 
author would never consent to making any such 
pattern, even the best possible one, into a preprinted 
straitjacket. Here is much too precious an 0))p0l- 
tunity to teach the student how to express a correl::tion 
of facts by means of their spatial arrangement. and 
make him do the arranging himself, and the logical 
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thinking that goes with it. Even his aesthetic sense chemistry is to give him the incentive of a puzzle- 


inds gets a chance to’ express itself in the creation of a solving situation. Make it simple and quick at first, 
ou'- beautiful, easily read page. Our grade and high- keep adding complications until he has, quasi play- 
ition school education, under pressure of high student fully, acquired a respectable knowledge of chemical 
, the enrollment and low teacher’s pay, has become so set facts and some experimental facility. 
on easy-grading features, that such chances for teaching Such intense preoccupation with single chemicals, as 
intellectual self-expression in tabulations, diagrams, and recommended here for the beginning of the course, 
hand sketches are sadly overlooked in favor of single should give way to some well-selected separations at a 
Van words, figures or just pencil marks, to be plopped into later time, because separations are important fun- 
lysis preprinted spaces. Certainly nobody has ever learned damental operations of analysis. Objections are only 
have to arrange his thoughts logically by having somebody raised here against making students separate what they 
this else do the arranging for him. don’t know, and have them depend on a textbook 
eRe In the teaching of qualitative analysis, there is writer’s prescription for every step they take. After 
inti even more to be gained from an insistence upon com- enough identification work, they can handle mixtures 
they plete, detailed, and orderly records. The analytical intelligently ina much freer style, with shortcuts not 
d by process consists of a sequence of observation—interpre- only permissible but encouraged, and then, at last, a 
ed tation—confirmation—conclusion. _ Thought: and ac- qualitative analysis as taught in school and a qualita- 
went tion sequences: which are exceedingly similar to, if tive analysis as practiced in commerce and industry 
“was not identical with this one, will be expected from the will come somewhat closer to being the same thing. 
ods future research chemist, physicist, development engi- An identification analysis course, as here suggested, 
will neer, medical diagnostician ; in other words, from a also sets the stage for successful introduction of one of 
ids majority of the students taking qualitative analysis. those less common elements which have a way of fast 
i ool Pointing out to an embryo doctor that he declared a becoming tomorrow’s common elements. They are 
1. the substance to be calcium carbonate, which, according most logically introduced in form of a pure compound, 
that to his own notes, he had found to be completely volatile first, for study of their ‘chemical personalities,” un- 
that on heating, may go a long way towards making him confused by other substances. Summerbell’s “sim- 
€ the appreciate keen observation and strictly honest, ulated research” project? can serve as an ideal crowning 
the thorough interpretation of disease symptoms later in feature of this phase of the course. Fortunately, the 
t the his highly responsible career. instructor's chances to branch out into some pet 
seid subjects of his are absolutely unlimited at this point. 
IDENTIFICATION ANALYSIS To just a few mixtures 
. 2 unequal proportions, trace analysis, spot tests, deter- 
ot analysis! refers to work with mination of test sensitivity and limit of identification, 
wpipe identify completely. At least this is what he will be — of 
nding doing throughout a large first portion of the course polarized light—handling of insoluble substances, ores, 
with progress provided and interest maintained b a aye, spectroscopy, 
ribed gradually more and more comprehensive list of jas ‘Wiatever the may be, the 
class will respond to it well after the allegro vivace of 
ow the first movement. 
t. If individual compounds. 
S and It is hard to believe the amazing improvement in THE PLACE OF THEORY z 
unity student motivation that even this one change brings ‘ : 
oked. about. No longer is the student tracking down which There can be = much or as little Gheory a such a 
ected three or four liquids the assistant dumped together for qualitative analysis course as the individual instructor 
d and him, no longer has he to content himself with the wishes to present. He may have to search a while for 
d the fragmentary finding that such and such ions were new hitching aren Soon he will find, eg., that the 
erday tested for and found present. Instead, he explores hydrogen peroxide test for titanium which is masked 
” will the behavior of a definite chemical entity and finds out by fluoride and unmasked again by beryilium* is no 
this: quickly what it is. Modest as it may seem in hind- meaner subject for exemplifying stability of complexes 
, free- sight, momentarily, the statement that “the sample than any other more time-honored one. The instructor 
2 mm. is lead carbonate” is a complete analysis and a highly will also find that, stimulated by the more research- ’ 
high satisfactory result to him, particularly if he achieved it like atmosphere of the laboratory, his bet ter students 
to be qiskly, and‘ with renewed sest he ‘attacks the next and some he did not think were so good will come more 
sample. often asking for the theoretical explanation of some 
Theoretically, of course, a student working on cation phenomenon. And so, not only learning will be fun = 
separations is supposed to study the reactions of this lab, but teaching too. And, dedicated teaching, 
ace in individual ions as “knowns,” e.g., by taking a ferrous Pinar ee ie the laboratory than in the lecture ev 
eo sulfate bottle from the shelf and seeing what that is the critical ingredient that decides the success of this 
Ww one substance will do with ammonia. Unfortunately, the certainly which can be kept 
this way humans are built, half of them do it listlessly, the “4iculously inexpensive. 
such others not at all. Anybody who doubts this statement The most powerful tool of education is personal 
rinted should ask how many chemistry students can tell him ‘ FeiGt, Frrrz, “Spot Tests,” 4th English ed., Elsevier, Hous- 
pp por- the characteristic observations made in the case just ton, Tex., 1954, Vol. 1, p. 186. 
sJ.ation given as an example. ®t An unexpected little gain in form of a loss may hit the chem- 
d The b a . ical storage room: those “antiques that have possibly been 
t, an est way to make a mid-twentieth century sitting there for years and gathering dust are perfectly good 
logical youngster curious about the nonexplosive part of “unknowns” for identification analysis. , 
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example, and a delightful way of starting the course is 
a little personal demonstration in identification analysis, 
given by the instructor to the students directly, or to 
the assistants where the classes are big. The author lets 
his audience pick the unknowns for him from a large 
choice of chemicals, and then just goes ahead with the 
analysis, not forgetting to take notes in the same fashion 
as he expects his students to do it. 

A few examples of typical identification analyses 
follow, recorded in one of many possible tabular 
arrangements. 


Starting Conclu- 
test Observation Confirmation sion 
Ignition White sublimate. Ammonia evolved with NH,s* 


No residue. alkalies. 
Conc. Colorless, white sol with Cl- 
gas, forms fumes wit _ 
air, dense fumes with H 


3. 
RESULT: The sample is ammonium chloride. 


No ppt. with NazCOs. 
No ppt. with NH,OH. 
cryst. ppt. with K* 


Brown with FeSO, 
and conc. H2SO,. 


(?) 
lame Violet flame. 


Dil. No brown fumes. 
Conc. H:SO4 Brown fumes. 
RESULT: The sample is potassium nitrate. 


(3) 

Flame Yellow-green flashes, HCl-soln. of sample with Bat** 
more stead. after CaSO, solution: im- 
quick dip in HCl mediate white ppt. 

Water Insoluble 

Dil. HxSO, White precipitate and Gas causes turbidity in CO;~~ 


colorless gas. a drop of Ca(OH)s. 


RESULT: The sample is barium carbonate. 


4) 
H:SO, White precipitate and Sulfate ppt. in 
vinegar odor. NHiAc, and 
yields ‘bright yellow 
precipitate from this 
solution. 
HCl forms white ppt. Pbtt 
Fruit-ester test positive. C2H:02~ 


RESULT: The sample is lead acetate. 


NaOH forms dirty-green Fet*+* 
pt. with rust-brown 
ringe. Deep blue 
ppt. with ferricyanide. 


5) 
A Pale green crystals. 


Crystals turn white; 
— neutral dis- 
Ignition strong: Tenis rust-brown, Fine white precipitate SO.-- 
O: evolved, then with BaCl:. 
dense white fumes, 
acid, very pungent. 
RESULT: The sample is hydrated ferrous sulfate 
Heptahydrate is commercial form comedians to handbook. 


Ignition, light: 


Flame Glassy bead formed, yel- No ppt. with NazCOs. 

low flame after moist- No ppt. with NH.OH. 

ening with HCl (not Yellow ppt. with uranyl Na* 

very conclusive). zinc acetate. 

Viscous melt formed 

which bubbles, _re- 

leases neutral color- 

less dist. 

Ignition, strong: no acid fumes; clear Yellow ppt. with molyb- PO,*? 
glass left, water-sol- date reagent 
uble neutral. 

Water Soluble, litmus acid 

RESULT: The sample is phosphat 


Ignition, light: 


Comments: 


(1) What could be quicker and more straightforward than 
this detection of the ammonium ion? Whenever an ignition test 
is performed, ammonium can hardly be overlooked. 


(2) Notice the judicious use of several (negative) elimination 
tests along with the (positive) confirmation tests. 

(3) The beginner possibly will overlook the barium flame, bit 
the white precipitate with sulfuric acid will give him a choive 
between barium or lead, and one more confirmation test will 
establish the identity. 

(4) One single starting test supplies strong clues for both 
cation and anion in this case. The cacodyl test may be substi- 
tuted for the fruit-ester test for those who do not insist on love- 
liness. 

(5) That dirty-green precipitate with the rust-brown fringe 
is something any chemist will recognize from a distance of ten 
feet after having seen it once. But, where did he have a chance 
to see it even once in his standard qual course? Notice how much 
information that one ignition test reveals: At low temperature, 
it shows that the substance is a hydrate; at high temperature, 
almost certain evidence of a sulfate is given, plus strong suspicion 
of iron—all from heating a wheat-grain size sample in a little g!.ss 
tube and carefully watching everything that happens. It does 
not seem such a bad waste of time after all. 

(6) This, too, is an interesting ignition test. It may well, for 
a moment, arouse the wrong suspicion of a hydrate but then 
points strongly towards a phosphate because of the viscous melt, 
releasing no acid fumes, ending up as a clear, water soluble, 
neutral glass (of metaphosphate). Silicates and borates behave 
similarly, but as long as they are not on his ion list yet, the student 
may as well reach for the ammonium molybdate bottle right 
away. The acid reaction of the aqueous solution decides the 
choice among three sodium phosphates in favor of monosodium 
phosphate. 


SUMMARY 


A new type of qualitative analysis course is proposed 
which emphasizes rapid and complete identification of 
individual chemicals handed out as solid samples. 
No rigid analysis procedure has to be followed. Rather, 
a choice of six starting tests is suggested which the 
student learns to perform and interpret properly. 
The leads gained from the starting tests he follows up 
with elimination and confirmation tests, until the 
complete identity of the compound is established. 
Careful notetaking is essential. 

Advantages are many: Encountering distinct 
chemical entities as unknowns, the student has a 
chance to study their “chemical personalities,” un- 
confused by other substances. He is strongly moti- 
vated to do so to the best of his ability by the tension 
of the puzzle-solving situation. He quickly finds out 
that keen observation and intelligent interpretation 
give results, and feels greatly stimulated by the freedom 


' of action he is given. 


The instructor keeps this interest alive by stepwise 
expansion of the list of ions from which he chooses the 
unknowns. Later, he can branch out into many 
directions. If work with mixtures is introduced at 
this more advanced stage, more benefit is derived from 
it, as the student can apply to it a sound working 
knowledge of the chemistry of individual ions and 
compounds which he has previously acquired. He can 
afford and will enjoy to take shortcuts, and, in his 
hands, a separation scheme, too, is a live proposition. 


Chemiluminescent System. . ., 


Dr. E. H. Wuite, Johns Hopkins University, notes an error in his paper entitled ‘‘An Efficient 
” J. Cuem. Epuc., 34, 275 (1957). 


In the fifth line from the top 


in the second column on page 276, the concentration of luminol should be 0.02 M and not 0.2 M: 
Use of the 0.2 M solution will lead to rather low light intensities since the reaction is inhibited by 


excess luminol. 
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Qualitative Analysis—What, Why, How? A Symposium 


INTRODUCTORY REMARKS 


Ir 1s important that we examine the chemistry cur- 
riculum from time to time to find whether our courses 
are keeping pace with modern developments. As prog- 
ress is made, basic concepts change and factual knowl- 
edge is greatly increased. This poses many problems to 
the professor who wants to keep his course up-to-date. 
What should be added to his course? What should be 
left out? How should the course be organized to 


14 paper, “Thioacetamide as a Source of Hydrogen Sulfide,’’ 
presented at the Symposium by Leo Lenraan, City College of 
New York, has been published previously. See J. CuHem. 
Epuc., 32, 474 (1955). 

? A summary of the remarks of Freperic C. Scumipt, Indiana 
University, on the topic “Qualitative Analysis as an Integrated 
Part of the First Year College Chemistry’’ is available in the 
Abstracts of Papers, 130th Meeting of the American Chemical 
Society, Atlantic City, September, 1956. 


present the subject matter most efficiently? What are 
other professors doing in their courses? Why should 
such a course be taught at all! 

The following papers present the ideas of some of our 
outstanding teachers of Qualitative Analysis. All 
agree that Qualitative Analysis is an important, funda- 
mental course in the chemistry curriculum, but they 
offer divergent opinions as to what should be taught and 
how to teach it. These differences, however, are what 
make things interesting, and give rise to progress. I 
hope you will find new, stimulating ideas in the follow- 
ing papers.!? 


Ricuarp B. HAHN 
Chairman of Symposium 
Wayne State UNIVERSITY 
Detroit, MIcHIGAN 


WHY TEACH QUALITATIVE ANALYSIS?’ 


Ix RECENT years analytical chemistry has arisen, 
phoenix-like out of its own ashes, from a place of rel- 
atively minor significance and low prestige to one in 
which all chemists recognize its importance and vi- 
tality. How ironic it is, then, that during these years 
one of the training courses in analytical chemistry, 
inorganic qualitative analysis, has been subject to in- 
creasing criticism and depreciation. 

The qualitative analysis course occupies a unique 
position in the undergraduate chemistry curriculum. 
It bears great responsibility; so much is expected from 
this course. The important demands are: (1) Give 
sophomores a solid understanding of chemical con- 
cepts. (Did they really learn equation writing, defi- 
nition of a mole or an equivalent in general chem- 
istry?’ (2) Teach them essentially all they will know 
about ionic equilibrium. (3) Give them what will 


' Prvsented as part of the Symposium on Qualitative Analysis 
—Wh::, Why, How?—before the Division of Chemical Educa- 
on a' the 130th Meeting of the American Chemical Society, 
Atlantic City, September, 1956. 
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often be the only inorganic chemistry course they will 
get in undergraduate school. 

Despite these great responsibilities the qualitative 
analysis course has become the target of all those 
whose anxiety about the burgeoning chemistry cur- 
riculum leads them to introduce “streamlining’’ reor- 
ganization. 


QUALITATIVE ANALYSIS DEPRECIATED 


The downgrading of the qualitative course seems to 
have followed hard upon two other developments on 
the analytical scene. First, the brilliant developments 
in instrumental analysis which have highlighted the 
renaissance in analytical chemistry are in some measure 
responsible for the depreciation of the qualitative 
analysis course. For many academic men, the in- 
dustrial analyst’s use of the spectrograph has pro- 
duced impatience with the classical procedures embodied 
in the qualitative analysis course. 

A second factor in the changing role of the course in 
qualitative analysis appeared after the introduction of 


387 
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semimicro laboratory methods. Enthusiasts of the 
economy, speed, and convenience of semimicro tech- 
niques have allowed themselves to be persuaded that 
the now flexible qualitative course could be conven- 
iently tucked away in some corner of the chemistry 
curriculum, say, in the second half of the laboratory 
fraction of the second semester of the general chem- 
istry course. About 50% of the colleges and uni- 
versities surveyed in 1950 offered such a qualitative 
analysis course. (In 1940 the fraction was 35%. It 
is likely over 50% today.) It would certainly seem 
that there is a growing tendency to consider qualitative 
analysis as a part of general chemistry. In some cases, 
the formal classroom lectures in general chemistry do 
not concern themselves with the principles of qualita- 
tive analysis since ‘so much time is devoted to this in 
the laboratory anyway.”’ It might also be pointed 
out that the statement of American Chemical Society 
requirements has put an official stamp on the lowly lot 
of qualitative analysis—a separate course of qualita- 
tive analysis is no longer required. 


PROPER RE-EVALUATION NEEDED 


A proper evaluation of the qualitative analysis 
course must proceed from the perspective of the con- 
tribution this course can make to the professional 
development of the future chemists and chemical 
engineers. Against this background the following 
questions may be asked. Are the objectives set for 
the qualitative analysis course worthy of fulfillment? 
Is the qualitative analysis course the most appro- 
priate place in the undergraduate curriculum to achieve 
these objectives? 

The problem may be clarified by a reconsideration 
of the definition of analytical chemistry. Classically, 
analytical chemistry was divided into qualitative and 
quantitative analysis whose functions were described 
as detection and determination, respectively. Con- 
fronted with an unknown mixture, the analyst in either 
academic or industrial surroundings would first wish to 
detect the presence of the several constituents before 
proceeding to quantitative determinations. This di- 
vision was reflected in the curriculum by the course 
sequence, qualitative followed by quantitative anal- 
ysis. The classical analytical schemes provided the 
basis for the work in both of these courses. 

Progress in analytical research developed methods of 
detection along lines that were quite different from those 
employed in the qualitative analysis course. Indus- 
trial analytical laboratories employed spectrographic 
and electrochemical methods for detection of metals 
rather than the reactions of the hydrogen sulfide 
scheme. The increased emphasis on instrumental 
methods engendered an increasing dissatisfaction with 
qualitative analysis courses. It was felt by many 
that the material presented in the course was no longer 
of practical value for analytical training. Those de- 
fending the course leaned mainly on the fact that it 
provided a good framework for teaching of ionic equi- 
librium theory. 

Although the classification of the field of analytical 
chemistry into the areas of detection and determina- 
tion is valid and meaningful, this division is one which 
has led to misunderstanding and the downgrading of 
the role of the qualitative analysis course. While the 


prime objective of industrial qualitative analysis was 
and continues to be detection, it should not be the 
principle aim of the course in qualitative analysis. 


ANALYTICAL CHEMISTRY: SEPARATION AND 
DETERMINATION 


There is need to consider the field of analytical chem- 
istry as consisting of two broad areas: separation aid 
determination. (The previously used category of 
detection can be neglected since detection is after al! a 
crude or semiquantitative analytical determination 
that might also involve separations.) Of these two 
areas, undoubtedly all can agree, industrial and aca- 
demic practitioners alike, that separations processes 
represent far more complex problems to the analyst 
than do methods of determination. These probleins 
of separation seem to grow faster than the development 
of newer and ever more discriminating instrumental 
methods of determination. With the development of 
high alloy steels, the newer structural metals such as 
titanium, zirconium, and tantalum, and with the mix- 
tures confronting the analysts in atomic energy devel- 
opments, chemists are becoming increasingly aware of 
the critical role of separations techniques in the suc- 
cessful development of solutions to knotty analytical 
problems. 

In terms of the definition of the areas of analytical 
chemistry as separation and determination, the role of 
the course in qualitative analysis emerges as vital and 
significant indeed. This course bears the responsi- 
bility for teaching the principles and practice of sepa- 
rations processes. Possibly the name “qualitative 
analysis” might be considered inappropriate for such a 
course. The label “analytical separations” would be 
more descriptive. However, the traditional qualita- 
tive analysis course did concern itself with separations 
although these were largely limited to separations 
involving precipitation. It would not be necessary 
to change the name of the course since no change in its 
function is involved but rather a clearer recognition of 
its true function. 


COURSE MUST KEEP PACE WITH PROGRESS 


While up to this point the qualitative analysis course 
has been defended against misguided criticism, certain 
shortcomings must be recognized. The qualitative 
analysis course has failed in two ways. The course 
material has not kept pace with progress in the 
field of analytical separations. Systematic separation 
schemes based on solvent extraction, ion-exchange, 
paper chromatography, or distillation techniques as 
well as those involving conventional precipitation 
techniques should be included in the course. It is 
well to remember that this material on separations is 
of great value not only because of its applicability to 
analytical procedures but that it provides the basis 
for large scale production processes as well. Secondly, 
the course material has not kept pace with progress i 
the transformation of what were once unusual metals 
to commercially significant materials. The chemistry 
of such metals as tungsten, molybdenum, titanium, 
vanadium, zirconium, and uranium have been neg- 
lected too long and should be included in a modem 
course. 

For the past several years, the qualitative analysis 
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course Offered at the University of Pittsburgh has 
moved in the direction outlined here. In recognition 
of the greater burden carried it follows the course in 
quantitative analysis. In the quantitative analysis 
course, since relatively little descriptive chemistry 
is involved, there is ample time to develop the foun- 
dation for understanding the principles of ionic equi- 
librium and stoichiometry. When the student enters 


Tue need for the identification of various materials 
is, of course, as old as history, and the use of chemical 
reactions for this purpose dates back many centuries. 
Originally, purely physical means as well as environ- 
mental circumstances were used. Thus, coal, glass, 
wood, and water were then recognized very much as 
they are by the non-chemist today. In many instances, 
however, this procedure was not sufficient, and accord- 
ingly more subtle methods were gradually developed. 
Thus, over 2000 years ago Pliny tested for iron with 
papyrus soaked in a solution of nutgall. Interestingly 
enough, this test is still used in some vinegar works 
for the detection of iron in vinegar, although papyrus 
is now replaced by filter paper or cotton. 

As chemical knowledge increased, and the chemical 
characteristics of different materials became better 
known, more attention was given to the problems of 
qualitative analysis. This branch of chemistry begins 
with Robert Boyle (1627-91) in the seventeenth cen- 
tury. He was the first to use “chemical analysis” in 
its modern significance, and is generally credited with 
developing the first analytical reagents. So far as is 
known he was the first chemist to try organic reagents 
(vegetable extracts) in analytical chemistry. In fact, 
Boyle did more to systematize the various qualitative 
tests then in use than did any of his predecessors. 

After Boyle, Bergman (1735-84) in the eighteenth 
century provided the basis for systematic analysis by 
developing certain separations, as with the aid of sul- 
furie acid. He carried out extensive studies on affini- 
ties and prepared tables of affinities of 50 substances. 
These studies ultimately led to modern analytical sepa- 
rations, 

In 1813, Thenard reported a series of tests which 
should be applied to gases if evolved during an examina- 
tion of an unknown. These were: (1) test with 
lighted paper, and if inflammable, note color and odor; 
(2) pass the gases into a solution of potassium hydrox- 


" Presented as part of the Symposium on Qualitative Analysis 
—What, Why, How?—before the Division of Chemical Educa- 
tion at the 130th Meeting of the American Chemical Society, 
Atlantic City, September, 1956. 
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neither intricate nor varied. 
consisted of adding reagents to solutions of the materi- 
als under examination and observing the results. Dry 
tests, such as flame and bead tests, and heating on 
charcoal, had their origin in the period before 1790. 
Spectroscopic analysis had its origin in the discovery by 
Kirchoff and Bunsen that the spectra of flames colored 
by metallic salts were characteristic of the metals. 


ORIGIN OF MICROANALYSIS 


the qualitative analysis course he is prepared to dis- 
cuss all aspects of the chemical reactions involved in 
the separation scheme under study. 

Attempts to cover this much material calls for in- 
creasing efficiency of presentation, achieved only by 
closer integration of the parts of analytical chemistry. 
At the University of Pittsburgh a start has been made 
in this direction; much remains to be done. 


FRANK J. WELCHER 
Indiana University, Bloomington, Indiana 


ide, and test the resulting solution for chloride (this 
was later extended to include bromide and iodide); 
(3) observe if it fumes in air; (4) test with litmus, a test 
first proposed by Boyle; (5) test for ammonia with 
turmeric according to a method described by Bergman, 
though turmeric was known as an indicator by Boyle; 
(6) note bleaching effects; (7) test with glowing splint 
according to the method of Priestley, Scheele, and 
Lavoisier. 

One of the first of the group methods in qualitative 
analysis was drawn up by Thenard, and the present 
system is simply the result of various observations, 
many of which date back more than 125 years. Later, 
in the nineteenth century, Klaproth, Rose, and Fresen- 
ius published methods of analysis which have resulted 


in the systematic analysis which is the form essentially 


known today. 
Techniques used in early qualitative analysis were 
In general, these tests 


The older form of qualitative analysis was essentially 


that known as macroanalysis, and modern microanalysis 
has been more recently developed.2 The branch of 
chemistry known as microanalysis has existed for less 
than 100 years, although as mentioned previously, 
some of the methods and tests used in microanalytical 
procedures were known as far back as the first century 
A.D. Pliny’s nutgall test for iron today would be called a 
spot test. It is listed by Gutzeit, along with other spot 
tests for iron, in a paper published in 1929. 


In 1632, Cassius developed a reaction for the detec- 


tion of gold, which is still used today in macro- and mi- 


? Hitus, Mary O., “The History of Microanalysis,’’ J. Cuem. 
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croanalysis under the name of “purple of Cassius”’ test. 
This reaction is based upon the formation of a suspen- 
sion of colloidal gold and tin hydroxide by treatment of 
gold(III) chloride with tin(II) chloride. Shortly after 
this, in 1666, Tachenius discovered that a drop of a 
mixture of gold solution with tincture of nutgall, when 
placed upon paper, produced a metallic spot. 

Microscopic analysis appears to be the oldest of the 
various branches of microanalysis. So far as is known, 
the first man to use the microscope in chemistry was 
Sigismund Margraf (1709-82) during a study on cane 
sugar in beet juice. 

There is some question as to who first applied micro- 
scopic methods in analytica] chemistry, but according 
to Chamot and Mason, it was Raspail in 1833. The 
latter first presented a system of microscopic tests for 
chemists, and also proposed the identification of com- 
pounds by observing crystals under the microscope. 
On the other hand, Deniges and Feigl give credit for 
the development of microchemistry to Tichman, whose 
work in 1853-57 described the microscopic identifica- 
tion of small traces of blood through the formation of 
characteristic hemin crystals. 

Still other investigators, including Helwig, Harting, 
Wormley, and Boricky, are credited with originating 
microanalysis. In a book published in 1865, Helwig 
discussed the use of the microscope in toxicology. 
Harting prepared a text in 1865 on the theory and use 
of the microscope, and in the following year prepared a 
second volume in which the forms of some precipitates 
were described. In 1867, Wormley published a book 
on the microchemistry of poisons. In this book he 
described methods whereby a drop of the solution under 
examination was treated with a suitable chemical re- 
agent, and the reaction product was viewed under the 
microscope. Ten years later Boricky prepared a dis- 
sertation on the chemical microscopic analysis of min- 
erals and offered the first rational system of micro- 
chemical reactions. The method which he described 
was based upon the decomposition of minerals by means 
of fluosilicic acid, and the identification of the fluosili- 
cates of various metals by means of their crystalline 
forms. 

In 1869, Sorby carried out some studies on the use of 
the microscope in blowpipe analysis, and later Streng 
published a paper in which he recommended methods 
similar to those described by Sorby. Still later in 1884 
Steng proposed several new reactions and described 
new techniques to aid in microscopic studies. Reinsch 
also published a paper in 1881 which dealt with the 
identification of compounds by means of their crystal 
forms. In 1885 Haushofer published a rather exten- 
sive paper in which microscopic tests were described 
as an aid to qualitative analysis. He listed reactions 
for most of the elements and thereby laid the foundation 
for general microscopic analysis. Haushofer and also 
Klement and Renard suggest that microchemical 
methods could be applied to all chemical elements. 

Of the many chemists who have contributed to the 
development of qualitative microanalysis, Behrens 
perhaps most properly might be called the founder of 
microscopic chemical analysis. During the last 20 
years of the nineteenth century he published a series of 
papers in which he proposed a large number of micro- 
scopic tests and also described methods for the separa- 


tion of compounds from each other so as to give greater 
accuracy to the confirmatory tests. 

Between the years 1907 and 1909, Schoor! published 
a series of papers in which he described a scheme «f 
microchemical qualitative analysis based upon thie 
classical hydrogen sulfide system. Emich, who did 
in 1940, made many very valuable contributions ‘0 
qualitative microanalysis and was responsible for tlie 
development of many of the techniques used in micro- 
analysis at the present time. 


DEVELOPMENT OF SPOT TESTS 


One of the more important branches of microanalysis 
is that known as spot analysis. Spot tests, in the 
modern sense, date from about the middle of the nine- 
teenth century, but methods which would now be de- 
scribed as spot tests were applied even during the tiine 
of Christ. One of the most common of all spot tests, 
namely the testing for acidity or basicity with filter 
paper impregnated with plant extracts, was first used 
by Boyle. For this purpose he used a litmus paper 
and paper impregnated with the extract of violets and 
cornflowers. 

It has not been definitely established who made the 
first use of spot reactions for analytical purposes. One 
of the earliest published records appeared in a paper by 
Schiff in 1859. He used filter paper impregnated with 
silver carbonate to detect uric acid in urine. A drop of 
the specimen produced a brown spot of free silver. The 
fundamental work for that division of spot test analysis 
in which filter paper is used as the reaction medium is 
found in a study by Schénbein in 1861. He showed 
that when aqueous solutions rise in strips of filter 
paper, the water precedes the dissolved material, and 
the distance travelled by different solutes can differ 
enough to make it possible to detect the cosolutes in 
separate zones. These observations led to the classic 
studies by Géppelsroeder from 1861-1907, which were 
compiled in his Kapillaranalyse, published in Dresden 
in 1910. 

Bayley in 1878-86 described a method of analysis 
in which a drop of solution was placed upon filter paper, 
whereby concentric rings of varying concentrations of 
substances were formed. Using this technique, he de- 
scribed a method for the detection of cadmium in the 
presence of copper. In 1896 Trey found that with an 
ammoniacal solution containing copper and cadmium, 
cadmium occurs in the outer ring and can be detected 
with ammonium sulfide, which results in the formation 
of a yellow ring of cadmium sulfide about a black circle 
of copper sulfide. 

In 1809, Krulla proposed an interesting method of 
analysis based upon capillarity. He found that when 
solutions of salt mixtures containing different ions were 
allowed to rise in filter paper, each component was 
adsorbed to the same extent as if alone in the solution. 
The addition of similar ions, however, caused a repres- 
sion of the capillarity of the ion in question. This 
fact was used in the following method: _ to the sol ition 
to be tested, different ions were added as long as « dis- 
tinct decrease in capillarity occurred. Each ion hich 
caused this decrease was, therefore, shown to be prsent 
in the test solution. 

In 1918 Feigl and co-workers began a systeinatic 
study of the use of specific and selective reactiors for 
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the analysis of most of the cations and anions, as well as 
organic compounds, and also the special techniques of 
spot tests. The result has been numerous publications 
in the literature, and a number of important books 
devoted to this subject. 

In 1921, Hauser first suggested the use of spot reac- 
tion techniques for the systematic analysis of the ions. 
Using the tests described by Feig] and Stern he devised 
a inethod for the analysis of the ions of Group III of the 
hydrogen sulfide system. Since that time, many 
schemes of qualitative microanalysis have been re- 
ported. Some of these apply spot and microscopic 
tests as supplementary tests in the usual hydrogen sul- 
fide system and some use other group reagents, while 


others simply carry out the analysis by means of specific 
and selective spot tests. For these methods we are 
greatly indebted to Tananaeff, Gutzeit, Heller, Krum- 
holz, Engelder, and Schiller, Gerstenzang, Emschwiller 
and Charlot, van Nieuenburg, Davies, Benedetti- 
Pichler, Wilson, and Emich. 

In conclusion, it is interesting to note that many of 
the so-called “newer” methods are not actually new at 
all. It is only their development that is new. Thus 
it might seem that much of value may be derived from a 
study of the historical records of chemistry, and the 
publications of the early chemists. Some chance ob- 
servation might contain the germ of an idea, which if 
more fully developed, could lead to important results. 


Tue title of this paper may appear somewhat pre- 
sumptuous. Certainly, it seems proper to raise the 
questions as to what constitutes a modern course in 
qualitative analysis, and who is to be the judge as to 
whether a course is modern or not. If we assume 
that the majority of teachers in qualitative analysis 
keep abreast with the trends in their field, then the 
answer to what constitutes a modern course may be 
answered in part by the type of textbook which is 
most widely used. Two illustrative statements by 
authors are: 


...with the more advanced techniques of spectroscopy be- 
coming fully developed in their application to qualitative analy- 
sis, the wet analysis became outmoded, and, considering that per- 
haps less than one per cent of the students would ever make prac- 
tical application of the detailed laboratory knowledge of this 
course, we were faced with the question of either trying to elimi- 
nate this course altogether from the curriculum or changing it so 
drastically that the laboratory work would be an adjunct but 
nevertheless an excellent practical illustration of one of the basic 
principles of chemistry, namely, chemical equilibrium. We 
chose the latter procedure.? 

The conventional course in qualitative analysis has lost favor 
a8 a subject of study in the curriculums of many colleges and 
universities during the past several years. Oftentimes, where the 
cours: has disappeared, there has appeared a simplified version 
of the qualitative scheme of analysis within the laboratory exer- 
cises o! general chemistry. Perhaps there are many good reasons 


' Presented as part of the Symposium on Qualitative Analysis— 
What, Why, How?—before the Division of Chemical Education 
at the 130th Meeting of the American Chemical Society, Atlantic 
City, September, 1956. 

*Hocngss, T. R., anp W. C. Jounson, “Qualitative Analysis 
and Chemical Equilibrium,’’ 3rd ed., Henry Holt & Co., Inc., 
New York, 1947. 

*Gu reatn, E. S., “Qualitative Analysis,’’ McGraw-Hill Book 
Co., Inc., 1954, p. v. 
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* WHAT TOPICS BELONG IN A MODERN COURSE 
IN QUALITATIVE ANALYSIS?’ 


. Washington and Lee University, Lexington, Virginia 


underlying these changes, but without any attempt to list or 
analyze them, it is evident that qualitative analysis as taught 
in the past does not meet the requirements of a present-day 
course of instruction in chemistry. In most schools where the 
subject of qualitative analysis is retained, there is a demand for 
a broader theoretical approach with less emphasis upon labora- 
tory exercises.* 


EMPHASIS ON THEORY 


In view of the foregoing statements, we will assume 
for the purpose of this discussion that a modern course 
in qualitative analysis is one that lays heavy emphasis 
upon theory and less stress upon experimental opera- 
tions. Such a course permits the development of 
theoretical aspects in an orderly manner with little 
regard to their immediate application to laboratory 
procedures. This does not mean that correlation of 
theory with laboratory work: is impossible, but it is 
certainly illogical to present unconnected theoretical 
items in an attempt to stress an outmoded scheme of 
analysis. Whereas general chemistry is a broad 
survey of all types of substances under varying con- 
ditions, qualitative analysis is a more restricted sub- 
ject which should be primarily concerned with solutions 
of electrolytes. The theory of qualitative analysis 
is, therefore, a study of the behavior of ions in aqueous 
solution. Of necessity, this study is elementary and 
often incomplete, partly because students have not had 
the mathematical background for a more comprehen- 
sive treatment, and partly because much of the theory 
is still in the speculative stage. 

As an introduction to the behavior of ions in solution, 
it seems advisable to explore some of the structures 
found among inorganic substances, and to attempt 


— 
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some explanation of why certain compounds are sol- 
uble and others are not. This approach requires an 
elementary analysis of those forces which hold atoms, 
ions, and molecules together. Such a discussion should 
be an expansion of what was presented in general 
chemistry, and should include the electrostatic forces 
operating between ions, the covalent bonding occur- 
ring between atoms, and the dipole forces which may 
bind atoms, ions or molecules. In connection with the 
forces producing bonds between atoms and molecules 
it is desirable to describe the differences and similarities 
among ionic, covalent, and polar compounds, as well as 
certain conditions necessary for the formation of each 
bond-type. The problem of solubility also embraces 
the role of water as a solvent, and calls for a simplified 
discussion of the energy factors involved in bringing a 
substance into solution. 

Most of the theories of qualitative analysis are con- 
cerned with the physical and chemical properties of 
solutions. Among the physical characteristics which 
should be described are the electrical and colligative 
properties. By means of these properties it appears 
logical to emphasize the differences in compounds 
resulting from the various modes of bonding. Other 
properties of solutions provide an introduction to 
certain well-known theories such as the Arrhenius 
theory of ionization with its shortcomings, the Debye- 
Hiickel theory of complete ionization and interionic 
attraction, as well as the concept of activity which 


arises from this theory, and the Brgénsted definitions : 


of acids and bases. 


AQUEOUS SOLUTIONS EQUILIBRIA 


Important in the study of qualitative analysis are 
the laws and theories which pertain to the various forms 
of equilibria that may exist in aqueous solution. Among 
these equilibria are those that apply to ionization, sol- 
ubility, complex formation, and oxidation-reduction. 
Unfortunately, the law of mass action is sometimes 
used rather loosely in describing systems in equilibrium. 
The law of mass action, which deals with reaction 
rates, is not of itself particularly important in its ap- 
plication to ionic reactions, since such reactions take 
place quite rapidly. However, a mathematica] inter- 
pretation of this law serves as an excellent introduction 
to the presentation of equilibrium constants for the 
various forms of chemical equilibrium. 

The applications of ionic equilibria are usually clas- 
sified into two types based upon the homogeneity of 
the system in equilibrium. For a_ heterogeneous 
system, the solubility product principle not only pro- 
vides a means of relating solubility to solubility prod- 


‘uct constants, but it may also be used to identify 


other factors affecting solubility such as temperature, 
common ion effect, particle size, and salt effect. Fur- 
thermore, this principle offers an opportunity to cor- 
relate classroom theory with laboratory exercises. 
Topics of this nature should include fractional pre- 
cipitation, and the relation of pH to solubility. 

The application of the law of chemical equilibrium to 
the ionization reactions of weak electrolytes is fairly 
well standardized in most textbooks. This is not true 
for the topic usually designated as hydrolysis. A 
modern approach to the topic of hydrolysis will indi- 
cate that hydrolysis constants are equivaleut to ioniza- 


tion constants, and that there is no fundamental 
difference between the K, of acetic acid and the Ky of 
the acetate ion. Hydrated ions may also be classified 
as weak acids, inasmuch as these ions, when strongly 
hydrated, exhibit acidic properties. 

The topic of complex ions offers additional oppor- 
tunities to amplify upon the structure of matter and 
the nature of chemical binding. In this connection, 
the charge and size of the central ion can be related to 
its coordination number as well as the strength of the 
bond, or bonds, in the complex. These relations 
may also be used to predict the extent of hydration, 
and the magnitude of acid constants of hydrated 
cations. It is not beyond the scope of qualitative 
analysis to show that magnetic moments of various 
complex ions in aqueous solution may serve as a means 
for differentiating between ionic and covalent bonding. 
The explanation of soluble hydroxide complexes is 
more plausible than the older concept of amphoteric 
hydroxides. For example, the reaction of the zinc 
ion with excess hydroxide ions to form a soluble hy- 
droxide complex is a more logical approach than the 
older concept of zine hydroxide acting as an amphoteric 
hydroxide. 

If organic reagents are used in the analytical schemes, 
the discussion of complex ions may include some ex- 
planation of chelate formation. However, the topic 
should be touched only lightly since students in quali- 
tative analysis have very little knowledge of organic 
chemistry, and it is beyond the scope of this course 
to attempt an addition to such knowledge. 

Although the topic of colloids cannot be omitted, the 
discussion of this branch of chemistry should be largely 
confined to the properties of sols, and especially those 
properties relating to adsorption. Among important 
explanations which are relevant to this topic are the 
adsorption of ions by electrovalent sols, the formation 
and growth of crystals, and the various methods for 
coagulating colloids. 

A simplified approach to the theory of oxidation and 
reduction, which may be effectively used in qualitative 
analysis, is yet to be devised. This topic should cer- 
tainly contain more than exercises in balancing equa- 
tions. Many textbooks offer an elementary approach 
through a discussion of single electrode potentials, 
galvanic cells, and the electromotive force which 
may be derived from a combination of half-cells. 
The advisability of this approach is debatable. 


CONCLUSION 


The topics which should make up the content of the 
theoretical portion of qualitative analysis are those 
which offer an integrated picture of recent concepts 
concerning the behavior of ions in aqueous solution. 
These topics should be developed in an orderly 
quence regardless of any expediency within the experi- 
mental procedures. This does not imply that time- 
honored schemes of analyses should be abandoned 
since they are the most powerful tools for imparting 4 
knowledge of the chemical properties of inorgani« sub- 
stances to students. However, in order to survive, 
qualitative analysis must come of age. This meals 
that the theoretical aspects of the course must be % 
designed as to keep step with advancing chemical 
thought. 
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2 QUALITATIVE ANALYSIS AND ANALYTICAL 
CHEMICAL SEPARATIONS WITHOUT THE USE 


OF SULFIDES' 


Tux teaching of qualitative analysis has suffered an 


alarming decline in emphasis recently. In some institu- 
tions the course has been dropped completely while in 
others a “watered down” presentation is offered at the 
freshman level. This situation is difficult to under- 
stand because most chemists agree that qualitative anal- 
ysis is the best place to learn inorganic chemistry. 
Unfortunately, part of the difficulty arises from the 
fact that there are outside pressures to speed up the 
training in chemistry so that students quickly get to 
organic chemistry and other more advanced courses, 
even at the expense of a sound fundamental background. 
Undoubtedly, a substantial part of the present diffi- 
culty can be attributed to basic defects in the classical 
qualitative scheme, which has been the basis of the 
standard courses for over a century and a half. It must 
be admitted that the classical qualitative analysis 
system fails miserably from the standpoint of applied 
analysis. In addition, it is inefficient and troublesome 
to teach and the use of hydrogen sulfide is both danger- 
ous and extremely unpleasant. Because of these basic 
defects, the authors have introduced a new nonsulfide 
scheme of separation and analysis, design to increase 
pedagogical efficiency while eliminating the unpleasant- 
ness and dangers of sulfide separations (1). The present 
discussion will serve to review some of the history of 
qualitative analysis and will summarize the principal 
features and fundamental chemistry of the new scheme. 


THE NEEDS FOR TEACHING QUALITATIVE ANALYSIS 


Before entering into a discussion of pedagogical and 
technical details, it would seem appropriate to outline 
some of the aims of a course in qualitative analysis. 
Quite logically, such aims should be predicated on the 
needs of the chemical curricula and, therefore, must be 
correlated with the established practices of teaching the 
various fundamental areas of chemistry. 

While the authors feel that it would be highly de- 
sirable to be able to teach practical qualitative analysis 
techniques that would find application in the industrial 
and research laboratory, it is felt that the pedagogical 
needs must come first. In our own institution, the prac- 
tieal aspects of qualitative analysis are presented at a 
more advanced level in a course in microchemistry 
Where spot test methods and various microscopical 
techniques are taught. We feel that the traditional 
“qualitative analysis” course must be used to teach 


' Presented as part of the Symposium on Qualitative Analysis— 
What, Why, How?—before the Division of Chemical Education 
at the 130th Meeting of the American Chemical Society, Atlantic 
City, September, 1956. 
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chemistry in terms of chemical reactions, including the 
behavior of a wide variety of acids, bases, and salts 
and emphasizing the chemistry of the familiar metals. 
Where else can such chemistry be learned? Who can 
deny its importance? 

In addition to the “wet chemistry” to be taught in 
the qualitative analysis course, emphasis must be placed 
on laboratory techniques. The great majority of 
schools are now teaching semimicro methods with the re- 
sult that the student is given a particularly valuable 
background in neat and efficient laboratory procedures. 

The qualitative analysis course should present as 
much theory as possible, particularly in regard to equi- 
librium concepts. This is more than just traditional 
thinking. It is a considered opinion based on the belief 
that chemical principles are best learned when correlated 
with experimental studies. The qualitative analysis 
course provides an idea] opportunity for the correlation 
of equilibrium theory with the practical applications 
of these concepts. 


SYSTEMS OF QUALITATIVE ANALYSIS 


It is important to note that qualitative analysis is 
taught by systematic approaches. The traditional 
course is based on the use of the hydrogen sulfide scheme 
essentially as elucidated originally by Fresenius almost 
120 years ago. Important modifications and even 
completely new qualitative schemes are now being 
used. The important thing is that they are all sys- 
tematic schemes of separation that provide the student 
with a logical and understandable means of classifying 
the chemistry of various ions and, therefore, they all 
have great pedagogical merit. 

The classical hydrogen sulfide scheme is outlined in 
Table 1. 


TABLE |! 
Classical Hydrogen Sulfide Scheme 
Precipitant Precipitate Remarks 
HCl Chlorides of Ag*, Pb**, 
Hg: ++ 
HS Sulfides of Cu*+*, Cd*+*, Acid-insoluble 
Po**, Hgt*, Bit® Gn sulfides 
Sn*+*, Sb*%, As*3 
(NH,),S, Sulfides of Mn**, Co**, Alkaline-insoluble 
Nit**, Fe** sulfides and 
basic salts 
Hydroxides of Al**, Cr** 
(NH,)2CO; Carbonates of Ca++, Sr*+*, 


Ba ++ 
Soluble group of Na*, K*, 
Mg** 


‘ ae 
| 


Approximately 3,000 technical papers and books have 
appeared dealing with the hydrogen sulfide system since 
its original inception (2), and although the scheme was 
far from perfect, as evidenced by the numerous at- 
tempts at its improvement, it remains today essentially 
unchanged. Most of the earlier work on this system 
dealt with modifications within the fundamental groups 
of the scheme. Recently the emphasis has shifted to 
finding new sources of sulfide ion so as to eliminate the 
danger and unpleasantness of hydrogen sulfide and at 
the same time increase efficiency of separations. 

Almost as soon as the hydrogen sulfide scheme was 
proposed, Himly (3) advocated that sodium thio- 
sulfate be substituted for the hydrogen suifide. Sodium 
thiosulfate will precipitate copper, mercury, bismuth, 
arsenic, antimony, and tin. The precipitation must be 
carried out in the absence of nitric acid, and the 
control of acidity is of a critical nature because of the 
various equilibria involved. The precipitation is 
accomplished by boiling the solution, which leads not 
only to the precipitation of the metal sulfides, but also 
results in the release of sulfates, sulfites, and free sulfur. 
A number of investigators utilized this approach in 
trying to eliminate hydrogen sulfide, but none were able 
to come up with sufficiently clean separations to 
justify widespread use.” 

Other sources of sulfides, such as phosphorus penta- 
sulfide, resin sulfides (Amberlite IR-4 charged with gas- 
eous hydrogen sulfide), insoluble metal sulfides, alkali 
sulfides, and organic sulfides, have been suggested. 
The use of resin sulfides, proposed by Gaddis (4), has 
a number of interesting features. The resin serves 
mainly as a carrier for the sulfide ion, which being 
lightly bound is readily available for the precipitation 
of the various metal sulfides. The resin plays a special 
role in solutions containing phosphate, because under 
such circumstances it not only releases sulfide but serves 
also to separate the phosphate through ion exchange 
reactions. The resin absorbs up to 12% of its weight 
of hydrogen sulfide and the resin sulfide so formed is 
claimed to be quite stable if kept in tightly stoppered 
vessels. So far as is known, there has been no general 
adoption of the use of this approach. This may be 
accounted for by the newness of the idea but also must 
be attributed in part to the somewhat objectionable 
feature of having to distinguish or separate precipitates 
from the solid resin. Also, there seems to be no clear 
cut distinction between acid sulfide and alkaline sulfide 
groups. These same remarks may be applied to the 
use of solid metal sulfides which have been proposed 
for use. When solid sulfides are used as precipitants 
they must be equilibrated with the sample, and none 
of the schemes proposed based on this principle have 
been adopted because of the introduction of the extra 
solid phase and because there is no flexibility in the 
grouping of the resulting sulfide precipitates. 

Solutions of alkali or ammonium sulfides serve to 
precipitate a large number of metal cations from 


2 Recently, Belcher and Wilson proposed both an extended as 
well as a short scheme of nonsulfide separations (BELCHER, R., 
AND C. L. Wixson, “Inorganic Microanalysis,” Longmans, Green 
& Co., London, 1957, Chaps. VI and VII) employing thiosulfate 
as a major group precipitant. The first edition of this book ap- 
peared in 1946, and its revision indicates that satisfactory results 
are being obtained and that precipitations with thiosulfate are 
practical when done properly. 
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alkaline solutions. The scheme of Cornog (5), which 
has been quite successful and has been used for a num- 
ber of years, employs ammonium sulfide. The ammo- 
nium sulfide was chosen rather than alkali sulfide so as 
to afford the precipitation of nickel and cobalt which 
otherwise would not be separated cleanly because of their 
tendencies to form colloidal suspensions. The major 
groups utilized by Cornog are shown in Table 2. 


TABLE 2 
The Scheme of Cornog 
Unknown + HCl 
ppt. | soln. 
Ag, Pb, Hg Add slight excess NH,OH. 
Add (NH,):S and acidify 
with HAc. Boil. 
ppt. soln. 
Hg, Bi, Fe, Cu Add H.SO, + NH,HC,(,. 
Co, Ni, Cd, Pb 
Zn, As, Sb, Sn 
ppt. | soln. 
Ba, Ca Add H;PO, and 
make alk. with 
NH,OH. 
ppt. | soln. 
| 
Mn, Mg 
Al, Cr 


Cornog’s scheme has the advantage of requiring few 
reagents. The separations are generally quite satis- 
factory, and the analytical results obtained are about as 
good as those obtained with most hydrogen sulfide 
schemes and in some cases may even be better. The 
scheme suffers from the production of great quantities of 
fumes which must be eliminated by means of an effi- 
cient hood system. The fumes are generally quite 
harmless but even with semimicro procedures may be- 
come quite disagreeable unless removed from the lab- 
oratory. A considerable amount of complication re- 
sults from the large number of metals included in the 
one sulfide group. Cornog has made effective use of a 
number of subgroup separations but many users prefer 
to have a more even distribution of elements between 
the various major groups. A number of other schemes 
have been proposed utilizing ammonium or alkali 
metal sulfides but none has demonstrated any great 
advantage over the hydrogen sulfide procedures. 

Various organic compounds have been proposed as 
potential sources for sulfide including thioacetic acid, 
thiourea, sodium diethyldithiocarbamate, and am- 
monium dithiocarbonate. These have all failed for 
various reasons, but thioacetamide, which apparently 
was first proposed by Iwanof (6), has been established 
to be widely acceptable and a number of excellent 
schemes have been proposed utilizing it. The studies 
of Barber (7, 8), Flaschka (9), and Swift (/0) have 
presented convincing evidence of the validity of using 
this reagent. It seems safe to say that for anyone who 
has a reverence for sulfide precipitation, this should 
become the recommended approach. The previpits 
tions are essentially homogeneous, the separatious are 
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reasonably sharp, and the reagent is relatively pleasant 
and safe to use. 

In concluding the brief summary of sulfide precipita- 
tions, mention must be made of various alternative 
schemes devised for introducing hydrogen sulfide it- 
self. A relatively concentrated solution of hydro- 
ger. sulfide can be prepared in acetone, and the 
use of such solutions has been proposed by Perronnet 
and Remey (11). They claim that the sulfide solutions 
give results comparable with those obtained through 
use of the gaseous reagent. The acetone solutions are 
somewhat more pleasant to use and are considered 
safer, although it should be pointed out that such con- 
centrated solutions spilled on the skin would be far 
from safe. Switching to semimicro procedures has 
been brought about in part as a means of reducing the 
amount of sulfides used and so reducing the air pollu- 
tion hazards in the laboratory. The use of sulfide 
generating solid mixtures is well known. Prothiére pro- 
posed as early as 1903 the generation of hydrogen sul- 
fide by heating sulfur and vaseline mixtures (12). 
Other sulfur mixtures have been proposed from time 
to time since and individual generating units have 
been used in many laboratories. 

At one time a considerable amount of interest was 
directed toward the use of thionalid (thioglycolic acid 
s-aminonaphthalide). Berg and his co-workers have 
made extensive studies of this reagent (13) and have 
demonstrated its usefulness as a substitute for sulfides. 
Although thionalid is a mercaptan and might be 
thought to be a source of sulfide ion, as such similar to 
thioacetamide, it actually remains intact and precipi- 
tates metals as innercomplex salts. It is remarkable 
in precipitating essentially the same group of metals as 
hydrogen sulfide. It has a great advantage over sulfide 
inhaving a much greater precipitation sensitivity. The 
precipitates in some cases may be extracted into chloro- 
form, which is useful for further separations, and the 
various precipitates obtained are almost all of definite 
composition which is in contradistinction to the metal 
sulfides. As might be expected since it is a mercaptan, 
thionalid is readily air oxidized and so must be utilized 
in the form of freshly prepared solutions. This to- 
gether with its expense and the fact that it is an organic 
reagent, which detracts from its pedagogical usefulness 
at the freshman and sophomore level, has detracted 
from its ultimate development for use in qualitative 
analysis courses. 


NONSULFIDE SEPARATIONS 


The idea of avoiding sulfides completely is not new, 
and numerous attempts have been made to use such 
reagents as hydroxides, phosphates, sulfates, carbon- 
ates, chlorides, oxalates, and chromates as group pre- 
cipitants (14). In‘ addition, a number of systems have 
been proposed based on the use of organic reagents, 
ion exchange and chromatographic separations, spot 
tests and microscopical procedures. ‘These latter ap- 
proaches have limited pedagogical value at the ele- 
on level, however, and are not to be considered 
ere, 

One of the nonsulfide schemes that gained a consider- 
able amount of popularity was that of Brockman (16). 
His procedure, which is summarized in Table 3, pro- 
Vides 2 good distribution of the metals. 
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TABLE 3 
The Scheme of Brockman 
Unknown + HCl 
ppt. | soln. 
| | 
Ag, Pb, Hg H.SO, + 
ppt. | soln. 
Ca, Sr Add KOH and 
Ba, Pb Boil. 
ppt. | soln. 
| 
Mn, Fe, Bi, Mg and Sn, Al, Sb 
Cu, Hg, Co, Ni, Cd Zn, Cr, As 


According to Munro (/6), Brockman’s scheme 
provides equal or better accuracy for 12 cations and 
is less satisfactory for nine when compared with classi- 
cal hydrogen sulfide procedures. It is worthy to add 
that Brockman’s scheme is more rapid than conven- 
tional schemes and the precipitates are generally 
easier to work with. The scheme is pleasant and safe 
to use. The principal difficulties with the scheme are 
associated with the large hydroxide group which re- 
quires a subgroup separation. 

A second nonsulfide scheme that is typical of the 
attempts made to avoid sulfide is that of Rane and 
Kondaiak (77). This is essentially a phosphate pro- 
cedure which gives group separations as indicated in 
Table 4. 


TABLE 4 
The Scheme of Rane and Kondaiak 
Unknown + HCl 
Evap. with 
ppt. | _ soln. 


| 
Ag, Sn, Sb Add (NH,)2S8O,. 
ppt. | soln. 
Ba, Sr, Pb Add NH,OH + 
(NH, 
ppt. | soln. 
Al, Cr, Fe | 
Mn, Bi, Ca, Mg Add NaOH. 
ppt. | soin. 
| ‘| 
Cd, Cu, Ni Zn, As 


The procedure provides a good distribution of the metals 
into groups but suffers seriously from the use of phos- 
phate which interferes with subsequent separations 
within the group and tends to inhibit many of the con- 
firmatory tests. 

The precipitation of carbonates or basic carbonates 
has been employed for the key separation in a number 
of schemes. One of the simplest of such systems is that 
of Gerstenzang (18), outlined in Table 5. 

A general defect of such schemes is the size of the car- 
bonate group which often requires the division of 12 or 
more metals into subgroups. Some investigators have 
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TABLE 5 
The Nonsulfide Scheme of Gerstenzang 


Unknown + HCl 


ppt. soln. 
| 
Pb, Ag, Hg Add KOH, K;CO; 
and Bre. 
ppt. : | soln. 


] 
| 
Add NH,OH and NaCl. 


Pb, Cu, Cd, Ni 
Co, Ca, Sr, Ba, Mg ppt. soln. 
Dissolve in HCl and H2Q,. ‘Sb, Sn, Al Zn, Cr, Al 
Add NH,OH and 
ppt. soln. 
Hg, Bi, Mn Add Na,HPO,. 
Fe, Pb 
ppt. soln 


| 1 

| | 
Ca, Sr, Ba, Mg Add Br: and KOH. 
ppt. soln. 


| 
Cu, Cd 
Ni, Co 


attempted to simplify the group by prior separations of 
such metals as tin, antimony, and bismuth, but none 
have been able to evolve simple dependable proce- 
dures. 

In spite of the discouraging history of attempts at 
devising substitutes for the hydrogen sulfide scheme, 
certain helpful observations resulted from the study of 
various of these schemes. It became apparent that 
any new system of separation and analysis should meet 
two principal requirements. First, the various groups 
should each have proportionate shares of the cations 
involved, at least to the extent that no one group would 
contain so many metals that complicated subgroup 
separations would be required. Second, certain ‘‘trou- 
ble makers,”’ such as tin, antimony, and bismuth, should 
be separated early so as to avoid unexpected or un- 
wanted precipitations commonly encountered with these 
metals during pH changes. Quite naturally, rare or 
exotic reagents should be avoided and the group pre- 
cipitants should not form complexes or otherwise inter- 
fere with identification reactions. Separations should 
be sharp or even quantitative and the precipitates 
should be dense and readily filterable. 


THE LSU SCHEME 


Based on the above aims and observations a new 
nonsulfide system of analytical separation and qualita- 
tive analysis has been evolved. The group separations 
are quantitative and the procedure is at least 50% more 
rapid than the classical procedure. There are no toxic 
fumes released, and in fact, there are so few fumes of 
any kind that there is no need for any kind of hood or 
special ventilation system. The scheme gives analyt- 
ical results that are at least as good as those obtained 
with sulfide separations, and the theory involved is 
definitely easier to understand. The scheme, which 


will be designated as the LSU scheme, is outlined below 
(Table 6). Appropriate remarks pertaining to critic:| 
steps are included. 

The common cations are divided into six groups. 
These are: (1) the soluble group, (2) the chloride group, 
(3) the basic benzoate group, (4) the fluoride group, 
(5) a nonamphoteric group, and (6) an amphoteric 
group. 


TABLE 6 
The LSU Scheme 


Solution of metallic ions 


Add HCl to hot solution. 
Centrifuge while hot. 


ppt. | soln. 


| 
Adjust pH to 4; add 
ammonium benzoate and 
sodium benzoate. Heat 
at boiling point 10 
minutes. Centrifuge. 


| 
AgCl Hg.Cl. 
(Chloride group) 


ppt. | soln. 


| 
H.Sn0O;, BiOCI, SbOC1 
FeOHBzz, AIOHBzz, CrOHBz: 
(Basic benzoate group) 


pet. 


| 
Add 1 M NHLF. 


| soln. 


| 
Make alkaline with 
excess NaOH. Expel 
NH; by evaporation. 


PbF:, MgF2, BaF, 
SrF2, CaF: 
(Fluoride group) 


pot. | soln, 
| | 
MnO(OH)s, Fe(OH), H AsO.~! 
Cu(OH)2, Ni(OH)2, Cd(OH)2 ZnO.~? 
Co(OH): (Nonamphoteric 
group) 


The analysis of the soluble group is similar to that 
which has been used in the classical scheme with the 
added use of spot tests to accompany the usual flame 
tests for Na+ and K+ and the NH; tests for NH,*. 

The appreciable solubility of PbCl, has long placed 
Pb*? in two different groups. By precipitation of the 
group in hot water and separation of the precipitate 
and solution while still hot, Pb++ is eliminated from 
the chloride group and appears in a subsequent one. 
The separation and identification of Ag+ and Hg* 
follow the standard procedure. 

Since the basic compounds of the metals are difficultly 
soluble in aqueous solutions, with the exception of the 
alkali metals, most analytical schemes for separation 
of the metallic ions involve a hydroxide group at some 
point in the procedure. However, due to the nature o/ 
such precipitates, especially those of the hydrous oxide 
types, inclusion early in the analysis results in excessive 
entrainment of ions normally remaining in solution. 
Also, the size of the group is too large to be subdivided 
easily into individual ions. 

An inspection of solubility product constants wil! 
serve to point out that the basic compounds of the nietals 
in the higher oxidation states are less soluble, 07 pre 
cipitate at lower pH than those of the lower oxidation 
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; TABLE 7 
Schematic Separation of the Basic Benzoate Group 


Centrifugate from the chloride group. Adjust pH to 4, add NH,Bz, 
heat to boiling, add NaBz and heat in a boiling water bath for 10 
minutes. Centrifuge and wash precipitate with 1 M NH,NO; to re- 
move Cl-. Add 6 M HNO;, warm and centrifuge. Repeat HNO; 
treatment and join centrifugates. precipitate with 1 NH,NO,. 


| 
H.SnO;, shoci Bit?, Fe*?, Al*+?, Cr*? 
Dissolve in HCl. Divide into 2 portions. | 
Make strongly alkaline with 
(1) (2) NaOH and add H:0.. Boil. 
Centrifuge. 
Add iron wire and boil Add saturated H»C.0, 
toasmall volume. Re- solution. Add 2 drops 
move solid matter and 0.1 M NaS. Yellow 
add 1 drop HgCh. orange ppt. proves Sb. 


White ppt. turning 
gray proves Sn. 


| ! 
Bi(OH)s, Fe(OH); CrO,-? 


Dissolve in HCl. Di- Divide into 2 portions. 
vide into 
1 


(2) (1) (2) 
Make alkaline with Add K,Fe(CN ). Acidify. Add 1 d. aliz- Add ethyl acetate. Acid- 
NaOH. Add Na-- or NH,NCS to arin. Make alkaline ify with HCI-H,O, mix- 
SnO;. Black ppt. prove Fe. with NH,OH. Red ture. Blue organic layer 


proves Bi. lake proves Al. proves Cr. 


TABLE 8 
Schematic Separation of the Fluoride Group 
Centrifugate from the basic benzoate group. Add NH.F 


and allow to stand for 10 minutes. Centrifuge and wash 
precipitate. 


ppt. soln. 


| 
PbF2, MgFs, BaF2, SrF2, Subsequent groups. 
Wash with KOH-K:CO; mixture. 

Centrifuge. Repeat treatment 

and join centrifugates. 


MgF,, BaF, SrF,, CaF; PbO.~? 


Dissolve in HCI-H;BO;. Saturate Acidify with HOAc. 
with solid NH,Cl. Make alkaline Identify lead with S~~, 
with NH,OH. Add (NH,).CO; reagent. CrO,-~ or I-. 
Centrifuge. 


BaCOs, SrCO;, CaCO; 


Mg*?: 
Dissolve in HOAc-NH,OAc. Add Destroy NH,*. Add drop 
K.CrO,. Centrifuge. 


S and O reagent. Make alkaline 
with NaOH. Blue lake proves 
presence of Mg*?. 


soln. 


| | 
BaCrO, Sr*+?, Cat? 


Dissolve in HCl. Use flame test Make alkaline with NH,OH. 
for Ba. Add (NH,)SO,. White ppt. Add equal volume of 95% 
insoluble in NaOH proves presence ethyl alcohol. Centrifuge. 
of Ba +2, | 
SrCrO, Burn off Aleohol. Add 


Flame test proves Sr *?. monochloracetic acid and 


(NH,):C:0,. White ppt. 
and flame test prove 
at, 


VOLUME 34, NO. 8, AUGUST, 1957 


soln. 


TABLE 9 


Systematic Separation of the Hydroxide Group 


Centrifugate from the fluoride group. Make alkaline with 


NaOH and eva 
necessary. 


Mn(OH )o, Fe(OH )o, HgO 

Cu(OH)2, Co(OH)2, Ni(OH)., Cd(OH)- 

Dissolve in HCl. Add excess NH,OH. Centrifuge. 
Wash ppt. with NH,OH. Join sees and centrifugate. 


ppt. 


MnO(OH HgNH2Cl, Fe(OH 

Dissolve in HNO;-H:O2. Divide into three parts. 
(1) (2) (3) 

Boil. Add NaBiO;. 


Boil and centrifuge. 
solution 
Mn 


pet. 


| 
Cu(NCS)2. Dissolve in aqua 
regia. Boil. Make solution 
strongly alkaline with NH,OH. 
Deep blue color Cu(NHs3)4*?. 


Evaporate to a small 
volume. Add SnClp. 


Deep blue 
Ppt. + Hg. Fe.[Fe(CN als. 


| 
K;Co(NO,),, olive color. 
Dissolve in HCI, add NH,NCS and 
acetone. A blue color confirms 
the presence of Co*?. 


rate to dryness to destroy NH,*. 
Add water, a and centrifuge. 


Add K,Fe(CN).. 


Repeat if 


soln. 


| 
Subsequent group. 


Cu(NHs3), +2, Co(NHs3). *?, 
Ni(NH;).*?2, Cd(NHs3)4*? 
Add HCl until strongly acidic. 
Heat to boiling, add solid 
Na,SO; and boil. Add NH,NCS. 


J 
| soln. 


| 
Co(NCS).*?, Ni(NHs).*?, Cd(NHs3),4*? 
Test one drop of solution with 10 drops of acetone. 
A blue solution indicates Cot*. If Co*? is present, 
evaporate the main solution to dryness, roast while 
dry, and dissolve residue in saturated KCl. Make 
this solution acidic with HOAc, add KNOz, and let 
stand 10 minutes. Centrifuge. (If Cot? is absent, 
proceed directly to Ni*?.) 


soln. 


Nit+?, Cd+? | 

Make alkaline with NH,OH. 
Add dimethylglyoxime. 
Centrifuge. 


| soln. 


| 
Rose colored ppt. 


] 

Make slightly acidic with 
HCl. Add NaS. Yellow 
ppt. CdS. 


states (Th(OH),, 1.0 10-°; AI(OH);, 1.9 xX 10-*; 
Cd(OH)s, 1.2 X 10-4; AgOH, 1.5 X 10-*). Also, the 
basic salts exhibit better defined precipitates and, hence, 
cleaner separations than the hydrous oxides. 

Basic acetate precipitation has been utilized for sepa- 
rating divalent from tri- and tetravalent ions in quan- 
titative analyses for many years. However, this results 
in very incomplete precipitation of Cr+*, due to acetate 
complexation of the chromic ion. The use of benzoates 
or formates avoids this complication. Benzoates are 
more to be desired since their greater mojecular weight 
aids in precipitation. The use of a fairly low pH 
made possible here also helps prevent interference from 
phosphates in the precipitation of the basic benzoate 
group. 

By regulating the pH to 4 and heating the mixture of 
cations with sodium benzoate for ten minutes in a beaker 
of boiling water, the basic benzoate group separates 
from solution as a precipitate composed of H,SnOs, 
SbOCI, BiOC], FeOHBz,, AIOHBz, and CrOHBz, 
(where Bz~ represents the benzoate ion). The precipi- 
tation of basic salts at a controlled pH makes possible 
the demonstration of the importance of hydrogen ion 
concentration in effecting separations, the preparation 


and use of buffer solutions, and the application of hy- 
drolysis. 

Inability of HNO; to dissolve H.SnO; and SbOC! 
allows an easy separation of these from the remainder 
of the group. Since the mother solution contains 
chloride ions, these will be present in the adsorbed or 
occluded state on the group precipitate. Meta-stannic 
acid with chloride ions and a strongly acidic solution 
forms the anionic complex, SnCl,~? and, thus, passes 
into solution. Therefore, before effecting the separa- 
tion with HNO, the precipitate should be washed 
thoroughly with NH,NO; solution. The prolonged 
heating dehydrates ortho-stannic acid to meta-st:nni¢ 
acid and assists in the separation since the meta form 
is considerably less soluble than the ortho form. The 
nonamphoteric nature of Fe+* and Bi+* compouds is 
the basis of their separation from Alt+*® and Cr*. 
The test for Alt+* can be made sharper by prior oxida- 
tion of the chromite to the chromate. This along with 
the very questionable amphoteric nature of the chro- 
mite ion make it advisable to add H.O» with the \aOH 
and boil the solution at this point. As a result, ‘ernie 
and bismuth hydroxides precipitate and aluminate and 
chromate ions remain in solution. Thus, with ‘hree 
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plished without further separations. 

After dissolving the tin and antimony precipitates 
in HCl, one portion of the solution is reduced with iron 
wire or zinc powder and the Sn*+? identified with HgCl.. 
The remaining portion may be treated with oxalic 
acid, complexing the tin, and the antimony identified 
as the sulfide. If any Bit+* has contaminated the pre- 
cipitate in the HNO; separation, a dark colored test 
fo’ Sb2S; will result. Since this sulfide is amphoteric 
and Bi.S; is not, addition of excess NaS and centrifuga- 
tion will remove the interfering compound. Acidifica- 
tion brings out the Sb.S8;. 

Aluminum is identified by the red lake formed with 
alizarin, and chromium by oxidation of the chromate 
to a peroxychromate with H,O, and extraction of the 
peroxychromic acid into ethyl acetate. The blue 
organic layer serves as a very good end test for chro- 
mium. 

The centrifugate from the basic benzoate precipita- 
tion has a pH of 4-5 and, with fluoride ions, forms insolu- 
ble fluorides of the members of this group. Washing 
the precipitate with K:CO;-KOH solution removes 
PbF,. Dissolving the residue in HCIl-H;BO; effec- 
tively complexes the F- as BF,~. The carbonates of 
the alkaline earth metals are then separated from Mg*? 
in a strongly buffered NH,+-NH,OH solution. Sepa- 
ration of Ba*?, Sr+?, and Ca+? is then carried out as 
chromates in aqueous solution (BaCrQ,) and in 50% 
ethyl aleohol (SrCrQ,). 

The removal of PbF; from the fluoride precipitates is 
better effected with the hydroxide-carbonate mixture 
than by acetate extraction. Two treatments serve to 
dissolve the PbF:, whereas many repeated treat- 
ments with NH,OAc are required, with resulting 
loss of CaF,. The use of K,CO; insures retention of the 
alkaline earths in the precipitate. The use of NH,F, 
KOH and K,CO; is advisable rather than corresponding 
sodium compounds so as to cut down on interferences 
with flame tests. 

The fluorides of magnesium and the alkaline earths 
dissolve readily in a mixture of HCl and H;BO;. In 
addition, the formation of the BF,~ complex effectively 
prevents any subsequent interference from fluoride 
ions, 

The hydroxide or nonamphoteric group is precipi- 
tated with NaOH, dissolved in HCl, and separated 
into subgroups with NH,OH. One subgroup consists of 
the precipitates of Mn(OH)2, Fe(OH)2, and HgNH;Cl, 
while the other is composed of the ammines of the re- 
maining four metallic ions. The first subgroup may be 
dissolved and the ions identified in the presence of one 
another. In the second subgroup, the copper is re- 
duced with sulfite and precipitated as Cus(NCS)., 
cobali is removed and identified as the cobaltinitrite, 
and nickel is deposited as the dimethylglyoximate, 
leaving cadmium to be identified as the sulfide. 

The tendency of Mn(OH). to oxidize as soon as 
formed usually results in the formation of a precipitate 
that dissolves in HNO; with difficulty. The addition of 
H,0; along with the HNO; will facilitate dissolving the 
precipitate. Subsequently, the manganese compound 
s oxidized with NaBiO; to the permanganate. The 
iron, in the form of Fe+* following the peroxide treat- 
ment, responds to treatment with K,Fe(CN), or 
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subgroups of two ions each, identification is accom- 


NH,NCS. Mercury may be identified with SnCl, or 
NH,I. No separation of these three ions is necessary 
for success with the tests given. 

In the reduction of cupric copper, sodium sulfite is 
used as the reducing agent. Unless the unknown 
solution is strongly acidic at this point, the sulfite may 
make the solution alkaline with resulting loss of cobalt 
as a basic salt. 

Whereas the cobalt is separated as the cobaltinitrite, 
its presence is established by adding acetone to a solu- 
tion of the hexathiocyanatocobaltate(II) ion following 
the precipitation of Cus(NCS).. The resulting blue 
solution evidently results from a dehydration action on 
the part of acetone. 

The remaining group is in the form of the anions 
SnO,.-?, AsO.—', and ZnO.-*. Upon acidifying the 
solution and adding excess NH,OH, the hydrous oxide 
of tin precipitates. The Gutzeit test is used to identify 
arsenic in the centrifugate. Zinc may be detected by 
its gathering action with Cut? and (NH,)sHg(NCS),, 
as well as by precipitation of the sulfide. The ZnS 
appears as the precipitate instead of As.S; when an excess 
of NaS is used as the precipitant, since the ampho- 
teric As.S; dissolves. 

Since there is a well-formed tendency for stannous 
solutions to become oxidized to stannic compounds 
upon standing, any tin left for this group will most 
probably exist in the higher oxidation state. Thus, 
the initial precipitate in the group wil] contain H.SnO; 
or HSnQ,. This necessitates reduction with iron wire 
or zinc powder before treatment with HgCl.. The 
familiar HgCl.-Hg precipitate results. 

For the best results with the Gutzeit test the arsenic 
should be in the form of the arsenite. The reduction 
with zine in hydrochloric acid solution gives better 
results with arsenates. However, basic reduction with 
aluminum in sodium hydroxide has the advantage of 
less danger of interference from antimony. 


SUMMARY 


More fundamental, general chemistry can be taught 
in qualitative analysis than in any other course. Every 
effort should be made to maintain and strengthen this 
course, preferably by keeping it as a separate unit of 
integrated theory and laboratory. 

The nonsulfide scheme of West, Vick, and LeRosen 
has been evolved to overcome deficiencies of classical 
hydrogen sulfide schemes. It has the following ad- 
vantages: 

Eliminates fumes, danger, and odor. 

It is faster and more efficient. 

Major group separations are quantitative. 
Requires fewer reagents than most schemes. 
Reagents are common and inexpensive. 

. No hood or special apparatus required (except 
centrifuges). 

7. Essential theory is easier—requires concepts of 
Ks», Ka, Ko, Kn, pH and buffers only. Difficult concepts 
pertaining to K,, K2, and K, can be postponed until 
the principles and mathematics of equilibrium calcu- 
lations have been mastered. 

8. Analytical results are at least as good as those 
obtained with sulfide separations. 

9. Lack of fumes and odors makes qualitative 
analysis (and chemistry in general) more attractive. 
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Tur title of this paper states a point of view with 
which not every teacher will agree at the present time. 
However, to the author, it seems the only way out of a 
sad situation, namely the declining status of the quali- 
tative analysis course. As evidence for this description 
of its status, the following typical comments are cited: 


(1) Ex-student: “Of little practical value in graduate research 
and industry; cookbook chemistry, stink chemistry.” 

(2) Administrator: “Apparently not very important. Let’s 
reduce the hours or put it into the general chemistry course.” 


A-more complete and more objective statement of this 
situation, its probable causes, and some possible 
remedies will be attempted through answering the 
following questions: 


Do the analytical procedures taught in most current 
qualitative analysis courses have real practical value? 

Most teachers familiar with industrial practice will 
agree that the answer to this question is “no.” How- 
ever, an objective answer was desired by the author. 
Three well-known consulting analytical laboratories, 
whose work can be considered representative of typical 
analytical problems, were visited and queried concern- 
ing the use they make of the methods of qualitative 
analysis taught in the conventional college course. 

heir answers are shown in Table 1. In interpreting 
the table, it is an important fact that the first two com- 
panies own spectrographs, while Foster D. Snell, Inc., 
does not, its spectrographic work being sent out. 
~The author submits that the failure of the course to 


1 Presented as part of the Symposium on Qualitative Anal- 
ysis—What, Why, How?—before the Division of Chemical 
Education at the 130th Meeting of the American Chemical 
Society, Atlantic City, September, 1956. 


THE QUALITATIVE ANALYSIS COURSE SHOULD 
TEACH ANALYSIS 


Stevens Institute of Technology, 
Hoboken, New Jersey 


keep up-to-date, as shown in this table, is the basic 
reason for its decline. 


TABLE 1 
Extent and Use of Methods Taught in the Conventional 
Qualitative Analysis Course 
United 
States 
Testi Lucius Foster D. 
Co. Pitkin, Inc. Snell, Inc. 
Types of samples All kinds Alloys, ores, Coml. prepns., 
received concentrates detergents 
Use of H.S pro- Occasiona! 
cedures 
Use of anion pro- Extensive Moderate Extensive 
cedures 
Use of cation spot Moderate Occasional 
tests 


Why do many qualitative analysis texts attempt to 
teach three subjects: analysis, physical chemistry, and 
descriptive chemistry? 

Authors of many popular qualitative texts have no 
hesitation in stating that their primary purpose is to 
teach physico-chemical principles and descriptive 
inorganic chemistry. In the face of the decline o! the 
prestige of the course, this must be interpreted «s an 
attempt to justify retaining it in the curriculum. When 
the latter contains bona fide courses in physical chem- 
istry and inorganic chemistry, the fallacy of thi- ap- 
proach is obvious. 

Is qualitative analysis an important branch of an!yti- 
cal chemistry? 

The three companies previously cited all agreed ‘hat 
many of the samples they receive require qualit«tive 
examination. The growth of the practice of qualitstive 
analysis has paralleled that of quantitative. [n- 
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‘irely new and much more sensitive methods have been 
developed. Their importance to industry cannot be 
overemphasized. It is desirable that students of chem- 
istry, engineering, metallurgy, medicine, etc., be aware 
of these methods and have some understanding of their 
principles. If possible, they should have first-hand 
experience with them in the laboratory. 


What methods of qualitative analysis are used currently 
iv industry? 

This question was put to the three consulting labora- 
tories named previously. (See Table 2.) Summariz- 
ing their answers, arc-spark emission and anion tests 
are used extensively; X-ray diffraction, microscopy 
aid X-ray fluorescence are used moderately, and cation 
spot tests are used occasionally to moderately. 


TABLE 2 
Extent of Use of Methods of Analysis 
United 
States 
Testing Lucius Foster D. 
Co. Pitkin, Inc. Snell, Ine. 
Metals and cations 
Are-spark emission Extensive Extensive Extensive 
Spot tests Moderate $a Occasional 
X-ray fluorescence ye Extensive Occasional 
Anions 
Systematic & direct tests Extensive Moderate Extensive 
Compounds 
X-ray diffraction Moderate Occasional Moderate 
Microscopy Moderate Moderate Occasional 


Miscellaneous methods used, but not listed in the 
tables because the applications are generally in quan- 
titative procedures, are: Ion exchange, paper and 
column chromatography (in organic separations) and, 
occasionally, polarography. The value of experience 
in drawing initial conclusions from sample origin, 
appearance, and density was stressed by the persons 
interviewed. A revealing fact discovered during dis- 
cussions is the difficulty of completely dissociating 
qualitative and quantitative analysis in practical work. 
Industrial analysts generally perform their qual- 
itative tests in such a way as to give semiquantitative 
estimates. Since a purely qualitative test is not of 
great value, this suggests that we should be teaching 
semiquantitative estimation in the qualitative course. 


DESIGNING A MODERN QUALITATIVE ANALYSIS 
COURSE 


If the results of this study are to be used as a guide in 
formulating a course syllabus, certain conclusions are 
inescapable: 

(1) Current teaching of anion identification meth- 
ods is satisfactory and should not be neglected in 
favor of cation methods. 

(2) While brief mention of the systematic separation 
and identification of cations can be retained in the 
lecture part of the course, the time devoted to it in the 
labor:\ory can be much more profitably spent on other 
methods. This does not mean the elimination of 
fractional precipitation. It is used in some cation 
Spot \sts and in many anion procedures. 

(3) The theory of arc-spark, flame and fluorescence 
emission should be added to lectures. 

(4) Because of its high rating, emission spectroscopy 
of sone sort should be introduced in the laboratory. 
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(5) The importance of microscopy, X-ray diffrac- 
tion, and density implies the value of giving the students 
an elementary grounding in crystallography. The 
principles of these methods should also be explained 
briefly. 

While advocating analysis as the theme, of the course 
might seem to imply suggesting a purely practical 


course, this would be indefensible. The college cur- 
riculum is not designed to turn out technicians. Even 
though students enter the course with some back- 
ground in chemistry and physics, the principles that are 
of value in analysis require restatement and amplifi- 
cation. However, if new material is to be added, theory 
not essential to an understanding of qualitative analy- 
sis has to be rigorously excluded. 


A final question may be asked: What modern methods of 
qualitative analysis is it feasible to teach in the laboratory 
to large groups of students? 

A description of the author’s experience with the type 
of course proposed will offer some answers to this ques- 
tion. Spectroscopic methods are the most important 
addition to make. Spectrometers can be purchased 
from a number of suppliers? for less than the cost of a 
good analytical balance. If the budget is short, as is 
often the case, and relations with the physics depart- 
ment are good, which is usually the case, the latter can 
be counted on as a source. An illuminated scale is to 


Atomizing the Sample tor Visual Flame Spectroscopy 


be preferred over cross-hairs’ for visibility. Flame 
tests are an obvious place to begin. Here, the transient 
nature of the emission from a drop of solution on a 
platinum wire loop has been a deterrent to spectros- 
copy. A successful technique is illustrated in the 
figure. The sample (1-2 ml.) is placed in a plastic 
hand atomizer (available in most drug stores) and atom- 
ized into the opening in the side of an earthenware 
flame guard. Operation of the atomizer for a few 
seconds fills the interior of the flame guard with spray, 
causing a persistent emission that is easily read in the 
spectrometer. The small number of lines produced in 
a low-temperature flame permits the use of a simple 


? Bausch and Lomb Optical Company, Rochester 2, New 
York; American Optical Company, Buffalo 15, New York; 
Central Scientific Company, Chicago 13, Illinois; Ealing Corpo- 
ration, Natick, Massachusetts. 
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spectrometer with limited dispersion. In laboratories 
with a compressed air line on the desks, it would un- 
doubtedly be possible to construct an arrangement 
utilizing an atomizer of the type used in flame spectro- 
photometers. 

— Visual are-spark spectroscopy can be carried out 
using the ‘‘Fisher-Todd Spectranal” or similar home- 
made apparatus. The method consists of sparking a 
wire sample in a 1.6 4 HNO; solution or dissolving the 
sample in such a solution and sparking between plati- 
num electrodes. The wire at which sparking is desired 
is immersed to a depth of not more than 1-2 mm. in 
order to have high current density. The other elec- 
trode is extended deeper into the solution. Because of 
the low voltage used (90-120 volts) and quenching by 
the liquid, only a small number of lines are produced, 
and visual observation is quite satisfactory if the mix- 
tures are not too complex and if the student realizes 
that several lines are required to positively identify an 
element. 

7 It is most satisfactory to use commercial alloys as 
cation unknowns, rather than solutions. Companies 
such as the Allegheny-Ludlum Steel Company, the 
International Nickel Company, the Aluminum Com- 
pany of America, and the Dow Chemical Company are 
very generous with samples of their alloys. If obtain- 
able, fabricated alloy specimens make the most interest- 
ing unknowns. 

Systematic cation separation by HS or other reagents 
is replaced in the course by spectroscopic methods and 
spot tests, but the latter have no advantage over sys- 
tematic testing unless the student is taught to make 
some intelligent guesses concerning probable com- 
position. In the case of alloys, tests with a magnet, 
estimation of density, and observation of the presence 
or absence or characteristic corrosion products are 
used to provide a basis for a preliminary guess that is 
verified with a spot test. After identification of the 
principal metal, the metals commonly alloyed with it 
are tested for. Spot tests need not employ exotic, 
unobtainable reagents. For example, metallic alumi- 
num is readily identified by hydrogen evolution when 


treated with 6 M NaOH, while small amounts 0} 
magnesium can be detected by the coloration oi 
magnesium hydroxide with adsorbed iodine. 

Inclusion of experiments in other methods mus' 
depend on the amount of time available. For example: 
Disc paper chromatography can be performed easily i: 
a petri dish. A procedure for removing interferin: 
cations with a cation exchange resin prior to anic:: 
analysis should not be difficult to devise. Subjects that 
must be limited because of time and equipment can |e 
made special projects and divided up among the class 
during one or two spare periods. Ultraviolet induced 
fluorescence can illustrate the principle of X-ray 
fluorescence as well as serve as a test for identifying 
aluminum.‘ A source of ultraviolet radiation and a 
viewing box are required. A spectrometer would be 
an optional addition. Visual absorption spectroscopy 
is not of much use in qualitative inorganic analysis, 
since permanganate ion is the only common ion with 
maxima in the visible range. However, its extensive 
applications in photoelectric (rather than visual) form 
in qualitative organic analysis and quantitative inor- 
ganic analysis would justify a brief visual experiment 
or demonstration. A homemade triangular celi (to 
vary the solution thickness) can be inserted between a 
strong source of white light and a spectrometer to show 
the absorption bands of permanganate ion. 
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NEW DIVISION OF INORGANIC CHEMISTRY ANNOUNCES PLANS 


At THE September, 1957, Meeting of the American Chemical Society to be held in New York City 
the Division will co-sponsor symposia on ‘‘The Carbon-Metal Bond”’ and ‘‘Fluorine.’’ It will also 


sponsor symposia on “High Temperature Inorganic Chemistry’’ and ‘“‘New Industrial Inorganic 


Chemicals. 


At the 1958 Spring Meeting of the A.C.S. in San Francisco the Division will co-sponsor a sym- 
posium on “The Less Familiar Elements’’ and will also sponsor a symposium on ‘‘Nuclear Mag- 


netic Resonance Spectroscopy.”’ 


In June, 1958, the Division will co-sponsor a program on “Reaction Mechanisms in Inorganic 
Chemistry’’ at Northwestern University, Evanston, Illinois; and, at the September Meeting of 
the A.C.S., 1958, to be held in Chicago, the Division will co-sponsor a symposium on “Instruction 


in Inorganic Chemistry.”’ 


Persons interested in joining the Division of Inorganic Chemistry are invited to write to Dr. L. 
B. Asprey, Secretary-Treasurer, P. O. Box 1663, Los Alamos Scientific Laboratory, Los Alamos, 


New Mexico. 
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Ix Recent years, several excellent systems of coding 
and abstracting the chemical literature have been 
devised (1-5) which utilize hand-sorted punched cards. 
However, such systems suffer the inherent disadvantage 
of being quite time consuming if the research investiga- 
tor himself must perform the punching and sorting 
operations involved in the manipulation of hand- 
punched cards. 

Consequently, a system using machine-sorted 
punched cards (6) has been developed which has 
proved simpler, more rapid, and less expensive to 
maintain than many hand-sorted systems. It requires 
that IBM punching and sorting equipment be avail- 
able, but this is becoming less of an inconvenience as 
the use of such machines by industrial, academic, and 
government institutions throughout the country in- 
creases. The amount of time saved is significant 
because the time-consuming operations of punching 
and sorting are not performed by the individual using 
the system. 


THE CARD 


The basis of this system for coding and abstracting 
chemical literature is an IBM card which was designed 


‘ Presented before the Division of Chemical Literature at the 
130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 


A SIMPLE, RAPID SYSTEM OF CODING AND 
ABSTRACTING CHEMICAL LITERATURE USING 
MACHINE-SORTED PUNCHED CARDS' 


Wayne State University, 
Detroit, Michigan 


especially for the purpose. The card has been revised 
once, and the new form (IBM 894510) allows the 
direct coding by punched holes of much of the impor- 
tant information in an article as well as the writing or 
typing of the title and a brief abstract directly onto the 


face of the card itself. The latter is made possible by 
the printing of horizontal lines in strategic positions on 
the card so that words typed on these lines will not be 
mutilated by holes punched into the card (see Fig. 1). 

Author (columns 1-10). Two initials and the 
senior author’s surname may be punched directly into 
columns 1-10 on the card using the IBM letter code, 
which allows coding any letter of the alphabet by means 
of a double punch in a single vertical column of num- 
bers (6). 

Reference (columns 11-24). The name of the 
journal in which the original reference appears may 
be coded into columns 11-14 by means of a four-letter 
abbreviation such as that devised by Bishop (7, 8) for 
the “Coden” system. For example, the ‘Coden’ 
abbreviation for the Journal of the American Chemical 
Society is JACS and for the Journal of the Chemical 
Society it is JCSO.? 

The volume number, page, and year may be coded 


? Additional information about the ‘““Coden’’ system of journal 
abbreviations may be obtained from Dr. Charles Bishop, Chronic 
Disease Research Institute, University of Buffalo, Buffalo 14, 


| 
9222222222 

$5555555555 


CHEMICAL LITERATURE REFERENCE LIBRARY ws u 


Figure 1. 


VOLUME 34, NO. 8, AUGUST, 1957 
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directly into columns 15-24 using the appropriate 
numerals. Only the last two digits of the year are 
coded. 

Abstract (columns 25-39). The name of the journal 
in which an abstract appears may be coded into 
columns 25-28 in a manner analagous to coding the 
name of the journal in which the original reference 
appears. The ‘Coden’ system has also proved quite 
useful for this purpose. As an example, it utilizes the 
abbreviation CHAB for Chemical Abstracts. 

The volume number may be coded directly into 
columns 29-31 by means of numeral punching. The 
column or page number may be coded into columns 
32-36 by numeral punches and the location of the 
abstract on a page may be coded into column 37 using 
a numeral system or a letter system such as is used in 
Chemical Abstracts. The last two digits of the year 
are coded as numerals directly into columns 38 and 39. 

Subject Numbers (columns 40-69). The numbers in 
columns 40-69 are used to represent the individual 
subjects which comprise the ‘‘Subject Code” of a 
given system. Since more than one hole may be 
punched into a vertical column, a maximum of 360 
subjects may be coded in this section of the card using 
a single (or direct) punch per subject. The use of 
multiple punches to represent a single subject allows 
the coding of many more subjects than a direct punch 
but requires additional sorting time. A direct punch 
subject code in inorganic chemistry which has been 
used by the author is shown in the table. There are 
about seventy subjects in this code at present. The 
original code contained approximately fifty subjects, 
and about five subjects (on the average) are being 
added each year. 

Atomic Numbers (columns 70-80). The atomic 
number of every element appearing in an article may 
be punched directly into this section of the card. The 
small numbers above the row of zeros (or sevens) 
represent the first digit of the atomic number and the 
numbers in the vertical columns represent the second 
digit. For example, the 5 in column 73 (which has a 
small 3 above the row of zeros) represents the element 
of atomic number 35, bromine. Since more than 
one number can be punched in a column, all of the 
elements mentioned in an article can be coded into a 
single card. 


THE PROGRAM 


One of the important advantages of most punched 
card systems is that the cards themselves need not be 
stored in any particular alphabetical or numerical 
order. This usually applies to hand-sorted as well as 


machine-sorted systems. However, one extremely 
time-consuming aspect of the hand-sorted system - 
that the individual himself must usually punch his ow , 
cards. This disadvantage is almost completely elim - 
nated in the machine-sorted system, since a key punc |) 
operator performs the actual punching operation with a 
machine, and punches only those numbers and lette.s 
which are indicated for each card on the “program.” 
A typical partially completed key-punch prograin 
form is shown in Figure 2. A single horizontal line «1» 


An Example of a Subject Code 
Col. Numbers 
no. 1 3 
40 Acids & bases Monodentate Raman 
ligands spectrosco})\ 
41 Analytical Magnetic Reaction 
procedures moments mechanisms 
42 Apparatus & Mass Research 
equipment spectrometry proposals 
43 Bidentate ligands Microscopy Resolution 
procedures 
44 Biography Microwave Review articles 
spectroscopy 
Biological Nomenclature Rotatory 
chemistry dispersion 
46 Bond types & Non-aqueous Safety 
properties solvents 
47 Chromatography Nuclear chemistry Science reviews 
48 Cyclopenta- Nuclear magnetic Special 
dienides resonance spec. compounds 
49 Dielectric Organometallic Stability 
constants compounds constants 
50 Dipole moments  Organosilicon Stereoisomerism 
chemistry 
51 Coordination Organozirconium Theory 
compounds chemistry 
52 Education Oxidation- The trans effect 
reduction 
53 Electrolysis Patents Ultraviolet 
(not polarog. ) spectroscopy 
54 Emission Periodic system Unusual oxida- 
spectroscopy tion states 
55 Geometric Photochemistry Visible 
isomerism spectroscopy 
56 Hexadentate Photometric X-ray 
ligands titrations spectroscopy 
57 History of Polarography Zone melting 
chemistry 
58 Industrial Poly-acids 
chemistry 
59 Infrared Polydentate 
spectroscopy ligands 
60 Ion exchange Polymerization 
61 Kinetics Preparations, 
laboratory 
62 Laboratory Properties, 
techniques chemical 
63 Lecture Properties, 
demonstrations physical 
64 Molecular & Quantum 
atomic structure chemistry 
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this program represents all the material which is to be 
punched into ome card. Since the IBM key-punch 
instrument is capable of punching letters (as double 
punches) as well as numbers directly, the appropriate 
information as words and numbers which is pertinent 
to each card may be written on the program sheet as an 
individual reads an article. Information which can- 
not be coded may be written or typed on the card 
itself, which is then numbered to correspond with the 
number on the program. For example, the card in 
Figure 1 was punched from line 1 of the program in 
Figure 2. 


THE RECOVERY OF INFORMATION 


Sorting. A disadvantage of hand-sorted punched 
cards is the length of time required to sort relatively 
large numbers of cards by hand. This disadvantage 
is overcome by use of machines, as is evidenced by the 
fact that IBM sorters are capable of sorting cards at 
the rate of about 500 per minute and faster, depending 
on the equipment available. In addition, greater 
flexibility is provided by machine-sorters than is 
available with hand-sorters. With machines, it is 
possible to sort for cards having a particular punched 
hole, or to sort for cards having one or more punched 
holes in a particular vertical column. Other sorting 
methods may be used with machine systems which 
are not applicable to hand systems. 

In addition, machine-sorted punched cards may be 
serialized according to author, date of publication, 
journal name, or almost any other feature coded into 
the card, by automatic machines in a relatively short 
time—a most useful feature for the preparation of 
manuscripts for publication. 

Interpreting and Reproducing. Another advantage in 
using machine-sorted punched card systems is that 
many machines are available to perform operations 


VISITING SCIENTISTS IN CHEMISTRY ARE AVAILABLE 


Wir financial support from the National Science Foundation, the Division of Chemical Educa- 
tion of the American Chemical Society has been sponsoring a program of Visiting Scientists in 


which would be exceedingly time-consuming if done by 

hand. For example, if a deck of punched cards is to be 
used by a person who is not familiar with the letter 
code, the punched holes representing the author, 
reference, and abstract of an article may be translated 
into printed letters and numbers at the upper right 
portion of the card by an IBM interpreting machine 
(see Fig. 1). 

In addition, if one person having a hand-sorted 
system should wish to send the information on some 
particular cards to another person, he would have to 
copy the information by hand. In machine-sorted 
systems, such information can quickly be reproduced 
from one deck of cards onto a blank deck or printed on a 
sheet of paper by the use of appropriate equipment. 

Many other operations have been made possible by 
the construction of several different types of machines, 
(6, 9, 10) and it is hoped that chemists will be able to 
take advantage of the widespread availability of such 
equipment in order to help them solve the problem of 
storing and recovering the increasing chemical literature 
which is of interest to them. 
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Chemistry since the spring of 1956. A few visits for the academic year 1957-58 remain to be 


assigned. 


The visitors are professors with established reputations as excellent teachers. They usually 
spend three days at an institution which offers a major in chemistry. During this time they do 
many things, among them: teach classes; conduct seminars; deliver formal lectures; address 
general assemblies of the entire student body; confer with faculty, students, and administrators; 


appear on television; address service clubs. 


The host institution is expected to pay the room and board for the visitor during his stay on its 
campus and to pay approximately one-quarter of the traveling expenses with a minimum charge 


of $25 for such expenses. 


Any qualified institution interested in such a visit is invited to write before September 1, 1957, 
to the Chairman of the Committee on Visiting Scientists in Chemistry, Edward L. Haenisch, 


Wabash College, Crawfordsville, Indiana. 


Visitors for 1957-58 include: R. C. Anderson, J. C. Bailar, Jr., J. F. Baxter, L. R. Brantley, 
R. C. Brasted, C. E. Bricker, J. A. Campbell, H. G. Cassidy, L. B. Clapp, W. F. Ehret, H. Eyring, 
L. F. Fieser, E. C. Fuller, A. B. Garrett, E. L. Haenisch, H. B. Jonassen, W. F. Kieffer, J. Klein- 
berg, E. M. Larsen, H. F. Lewis, L. E. Malm, S. P. Massie, T. Moeller, W. E. Morrell, L. L. Quill, 
N. W. Rakestraw, F. B. Schirmer, Jr., H. H. Sisier, W. H. Slabaugh, R. N. Smith, L. E. Steiner, 


J. A. Timm, C. A. VanderWerf, G. Van Zyl. 
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DECAY’ 


Te student will usually fairly readily agree to the 
concept of the random timing of individual radioactive 
disintegrations, “like kernels of popcorn on a griddle.” 
However, the statistical consequence that the time 
required for half the atoms to decompose is constant; 
that it depends on the substance and not at all on the 
size of the sample—these ideas he finds it much harder 
to incorporate into his thinking. Various exercises and 
instrumental devices can demonstrate how, if not why, 
this law of nature operates. 

A basic drill consists of plotting the numerical 
series 512, 256, 128, 64, etc., on the Y-axis against pro- 
gressive time intervals from 1 to 10 on the X-axis. 
The result is a typical decay curve, from which the 
implications of this type of process can be illustrated. 
Another curve is obtained by constructing on the same 
sheet a second Y-axis scaled linearly from 0 to 3, and 
using it to plot the ordinary logarithm of each number 
against the same X-coordinates as before. The result 
this time is of course a straight line, with its obvious 
advantages for interpolation and extrapolation. A 
third plot, using the original numbers against the same 
X-axis but this time on “3-cycle semi-log’”’ paper, 
completes the correlation. In a similar way, students 
may count and plot the pips per time interval as read 
from recorder paper tapes. Such tapes, saved for 
this purpose from previous counting and scaling 
operations, should involve only a single decay process 
of moderate half-life. Or, suitable equipment may be 
made accessible for class observation or use, and a 
radioactive sample manually counted at intervals, the 
study extending over several half-lives. 


LIMITATIONS IMPOSED BY LENGTH OF HALF-LIFE 


Isotopes with half-lives of the order of a few days are 
appropriate for the above exercise. However, if the 
half-life involved exceeds one day, this experiment is 
considerably drawn out and, though quantitatively 
convincing, loses some of its impact. Even these iso- 
topes, if purchased, need careful advance scheduling if 
they are to be delivered at the desired time and used to 
best effect. 

A half-life less than 10 minutes would allow comple- 
tion of the experiment within a single class period. But 
this choice, though desirable from the teaching stand- 
point, makes the shipping problems insurmountable. 
Recourse may then be had to radioactive series, a 
supply of a suitable long-lived parent being kept on 


1 Presented before the National Science Teachers Association 
at the 122nd Meeting of the American Association for the Ad- 
vancement of Science, Atlanta, December, 1955. 


A DEMONSTRATION OF RAPID RADIOACTIVE 


WILLIAM H. JONES 
Emory University, Emory University, Georgia 


hand as a self-replenishing reservoir. This parent is 
chosen to yield a radioactive daughter element of the 
desired short half-life, with the decay product from the 
daughter in turn being either stable or very long- 
lived. Given this satisfactory combination of half- 
lives, there still remain the questions of availability of 
the parent, the suitability of the radiations to the 
counting equipment available, and the size and specific 
activity of the sample. 

Lastly, there is the requirement of chemically 
separating the daughter, and mounting it for counting, 
all in preferably less than two half-lives. Fortunately. 
some loss of daughter material is not serious, provided 
only that the portion collected is sufficiently active, and 
is free of parent or other radioactive contaminant. 
Even so, simplified procedures must be worked out and 
techniques rehearsed, if the demonstration is to be 
successful. A good demonstration in this category is 
that of Booth,? which starts with an ordinary uranium 
salt and separates therefrom the protactinium-234 decay 
product, with a half-life of 70 seconds. 

If isotopes having still shorter half-lives, (<10 sec.) 
could be used, the demonstration would be an even 
more effective aid to visualizing the kinetics of decay. 
Here one could observe a furious activity at first, which 
would steadily dwindle and die out, all within a minute 
or less. However, the time limitation would in this 
case be so stringent that only through a fortunate 
difference in some property would there be prospect of 
success. By exploiting this difference, parent and 
daughter could perhaps be separated before the 
daughter activity was extinct. Campbell and Nelson’ 
and Nelson and Kraus,‘ from their work with ion 
exchange resins, point out such a situation, which 
offers the basis for the demonstration described here. 


THE DEMONSTRATION 


The radioactive process chosen is the decay of the 
metastable form of lead-207; the half-life is 0.8 second. 
The long-lived parent is a radio-bismuth, prepared 
from ordinary lead by (p,n) reaction in the 86-inch 
cyclotron of the Oak Ridge National Laboratory. This 
parent® undergoes electron capture, with a half-life 
(revised) of 8 years, to produce the lead daughter. 
The preparation and decay reactions are as shown. 


—- 


2 Boortn, A. H., J. Comm. Epuc., 28, 144 (1951). 

3 CAMPBELL, E. C., anp F. Neuson, J. Inorg. and uclea’ 
Chem., 3, 233 (1956). 

‘ Neuson, F., anp K. A. Kraus, J. Am. Chem. Soc., 76, 5910 
(1954). 

5 A small quantity for this demonstration was loaned by ()RN1. 
The activity of the sample used was ~ 2.4 X 10° counts/1min. 


JOURNAL OF CHEMICAL EDUCATION 


e 

d 
res 
as 
inte 
by 
7m 
flexi 
glass 
base, 
ae resist 
the |i 
addit 
stroke 
emiss: 
as effi 
mecha 
count 
406 


is 
the 
the 

ong- 

ralf- 

y of 
the 

cific 


sally 
ting, 
tely, 
‘ided 
and 
vant. 
and 
o be 
ry is 
nium 
lecay 


sec.) 
evell 
ecay. 
vhich 
inute 
. this 
nate 
of 
and 
the 
olson’ 
h ion 
which 


re. 


of the 
‘ond. 
pared 
6-inch 

This 
alf-life 
hter. 


Nuclear 
6, 


ORNL 
/min. 


SATION 


Pb*” + proton — Bi” + neutron (Cyclotron, 25 Mev.) 


e.c. 
> Ph%m (Stable) 
8 yr. 0.8 sec. 


The rapid separation of the lead-207m from the long- 

lived bismuth parent is accomplished by the use of the 
anion exchange resin, Dowex-1 (200-230 mesh, 10% 
divinyl benzene) in a medium of 0.5 M hydrochloric 
acid. Under these conditions the trivalent bismuth is 
strongly held by the resin, while the bivalent lead is not 
significantly adsorbed; Nelson estimates the bismuth- 
to-lead ratio in the liquid as roughly 1:10,000. The 
equilibrium is established very rapidly, hence if the 
bismuth-holding resin is retained on a filter, and swept 
with a fast-moving stream of 0.5 M hydrochloric acid, 
the lead daughter will be eluted. If a counter is 
placed a short distance downstream, the daughter 
activity will make the transit in less than a second, and 
register strongly. 

The equipment as designed and assembled is shown 
in the diagram. The support for the 4-mm.-deep 
resin bed is a coarse-porosity fritted glass filter 10 mm. 
in diameter, the tube of which is drawn to 3 mm. o.d. 
as near as possible below the fritted disc. Close- 
drawing this tube and using 1.8-mm. id. plastic 
tubing for connection thereto, minimizes the volume 
intervening between resin and counter. The very 
small tubing is then wound in 3 or 4 turns around the 
1.5-in. iodide crystal, which is shielded from the 
radioactivity of the parent by the 4-in. width of a 
lead brick. The farther end of this tubing attaches 
by a glass coupling to a section of rubber tubing some 
7 mm. id. and 50cm. long. A section of 3-mm. i.d. 
flexible tubing and connectors complete the closed 
circuit. The fritted disc also supports a layer of small 
glass beads to a depth of a few mm. above the resin, to 
break up the impact of the entering liquid. The 
section of 7-mm. tubing lies under stretch on a wooden 
base, held by a screwed metal strap at each end. The 
acid may be moved along inside the circuit by rolling 
this tube with a photographic print roller. The flow 
resistance offered by the filter will immediately stop 
the liquid after each stroke. If operation by the class 
is contemplated, a glass bead checkvalve is a desirable 
addition. This will prevent the resin from being 
scattered through the circuit if the tube is inadvertently 
stroked in the reverse direction. 

Since the decay of the lead-207m is by gamma 
emission, scintillation counting is some 60 to 100 times 
as efficient as Geiger equipment. This high response 


from the scintillation assembly is then fed into a 
seale-of-64 circuit, the output of which goes either to a 
mechanical register, or a loud speaker. (Using Geiger 
counting and without the scaling unit, the activity is 
observed to die out in a very irregular and jerky way. 
This is instructive as to the random nature of individ- 
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Diagram of Liquid Circuit 


A, lead brick, 4 in. wide. B, solution of hydrochloric acid 0.5 molar. C, 
layer of Dowex-1 resin, with radio-bismuth adsorbed. D, fritted glass disc, 
coarse porosity. Z, plastic tubing, very small bore. /F, scintillation crystal. 
G, rubber tubing, 7-mm. bore. H, photographic print roller. 


ual disintegrations, but not as helpful in visualizing 
a decay curve.) 

With the setup as diagrammed, a single stroke of the 
roller milks the bismuth of the lead it has produced, 
and whisks the latter to the counter. A burst of 
activity is heard, with a steadily lengthening interval 
between clicks, and complete die-out within 5 to 7 
seconds. 

The gradually lessening slope of a characteristic 
decay curve is audibly shown, and the performance 
may be immediately repeated as many times as desired. 
For further effect, the wooden tube support may be 
stood upright on its larger end, and the tube milked by 
stripping downward between the thumb and _ fore- 
finger, first lubricating tube and fingers with talc. 

As a more ambitious project, the experiment could 
be made quantitative. By feeding the suitably- 
scaled output onto a high-speed pen recorder, a paper 
tape would be obtained; counting and plotting its pips 
would verify the 0.8-second half-life. Or, by the 
method of Campbell and Nelson,*? a constant-flow 
circulating pump may be used, and the distance 
measured by which the counter must be moved down- 
stream to produce a halving of the count rate observed. 
However, the unique value of the qualitative demon- 
stration described above is its speed, auditory impact, 
and easy repetition. In consequence, it can be of 
material assistance to the student in visualizing the 
kinetics of radioactive decay. _ 
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PLANTS, ANIMALS, AND THE AIR, 


Tuis interesting illustration of the CO-O.-H,O cycle in the 
atmosphere is taken from “Chemical Atlas’’ by Edward L. You- 
mans and published by Appleton, New York, in 1856. This 
popular text of a century ago is hand-colored and is a fine example 
of what the early teachers of chemistry in this country made 
_ available to the public. 

The author, Edward Livingston Youmans (1821-1887), was 
afflicted with poor eyesight, and he devised a chemical chart to 
make clear to the eye the principles and laws of the chemistry 
of hisera. The book which he wrote to accompany the chart was 
his “‘Classbook of Chemistry.’’ Brief, clear, and devoid of techni- 
calities, it has an astounding and continuous sale; it was revised 
and sold more than 144,000 copies in its three editions. This 
was truly a remarkable record and would be envied even in these 
days of widespread chemical instruction. 

The ‘Chemical Atlas’’ was an extension of the chart method of 
teaching chemistry. Youmans occupied the chair of chemistry 
at Antioch College in 1866. At his suggestion, the Appletons 
started Popular Science Monthly in 1872 and he served as its editor 
until his health failed. This successful periodical was eventually 
merged into the Scientific American. 

The following excerpts from the text show the charming manner 
in which the author presents his materials to his readers, who are 
presumed to have been without training in chemistry. 

“Plants and animals are both endowed with living or vital 
properties; they both grow, reproduce their kind, and perish. 
Yet the life of-these two orders of beings is of a different nature, 
and depends upon different—nay, opposite—conditions. The 
actions and changes in which vegetable life consists essentially 
are exactly reversed in the case of animal life. . . .Plants and ani- 
mals can exist only in the air; this is equally indispensable to 
both. The relation between the atmosphere and the life of each 
class is equally intimate and vital, and yet this atmosphere in the 
two instances performs diametrically opposite offices. 

“To fix distinctly in the mind the character of the changes 
wrought by growing vegetation upon the atmosphere, I have ven- 
tured again to resort to diagrams, which appeal to theeye. . . .The 
effects produced upon the air by the vegetable world are repre- 


»— 


sented in the left portion of Plate XII. The direction of the 
arrows shows carbonic acid and water, as it were, descending from 
the air, so as to enter the plant, at the same time that pure oxygen 
is set free, and rises, as it were, to take their place. It is not to 
be supposed, as the picture might seem to show, that the plant 
has any power of attracting downward from a distance the 
carbonic acid and water particles or that those particles have any 
tendency to descend from the heights of the atmosphere to vege- 
table foliage. The diagram is simply designed to show what the 
plant receives and what it returns to the atmosphere. . . . 

“Animals, it is well known, depend entirely upon vegetables 
for the substances which they use as food. An animal may con- 
sume flesh, but that, like all other flesh, comes ultimately from 
vegetation. The animal cannot, as the plant does, take car|onic 
acid, water, ammonia, and a few salts, and construct from them 
its own fabric. It can only receive compounds that have been 
put together by the vital operations of plant growth, and in a 
certain manner transform them into its own substance. 

“The animal thus undoes the work of the plant. It withdraws 
from the air the substance which the plant gave to it, destroys the 
compounds which the plant created, and returns to the «imos 
phere those compounds which plants take from it. If the vege- 
table absorbs carbonic acid from the air, and returns pure oxygen, 
the animal, on the contrary, absorbs pure oxygen, and r-turns 
carbonic acid. If the plant decomposes water—and pours into 
the atmosphere its separated oxygen, the animal extraci- that 
oxygen, turns it again to water in its system, and expels it in the 
form of vapor into the air. 

“This is shown upon the right side of Plate XII. Pure « \yget 
is represented by the direction of the arrows as passing from 
the atmosphere to the animal world, while carbonic aci | and 
water are restored to the air in its stead; thus exactly rey Tsing 
the chemical changes which are seen to take place betwee vege 
tation and the air. The nature of the antagonism betwee: these 
two orders of life thus becomes apparent at a glance.”’ 
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Ir 1s very instructive to read in the literature of chem- 
ical education of the many unusual laboratory projects 
which instructors of freshman chemistry employ to 
arouse student enthusiasm. Such procedures prevent 
students from development of a “cook book’’ attitude 
towards their experimental work. It is almost an 
axiom for teachers of freshman chemistry that as 
many experiments as possible should be quantitative 
within the limits of student experimental skill and the 
apparatus used. Many teachers insist that the stu- 
dents benefit more if an experiment is of the “unknown”’ 
type. The purpose of this discussion is to present an 
exercise for freshman laboratory work involving elec- 
trochemical unknowns and special electrode potential 
projects not usually studied in the first-year course. 
The customary way of teaching electrochemistry in 
the laboratory is to have the student construct a num- 
ber of cells from such metals as copper, zinc, and lead 
and one-molal solutions of their salts, the half-cells 
being separated by a porous cup or a salt bridge. The 
measured cell voltage is then compared with that 
computed from a table of standard potentials of half- 
reactions. The effect of concentration on voltage, to- 
gether with a correlation of results in terms of strengths 
of the oxidizing and reducing agents involved, com- 
pletes the study.? In our course the zinc-copper, zinc- 
bromine, and copper-bromine cells are so studied. 
Students work in groups of two or three. The cells 
and external circuit are completely disassembled; a 
minimum of directions is supplied. With the experi- 
ence thus acquired, the students are in a position to 
undertake the experiments which are to be described. 
It is to be understood that not all of the experiments 
are performed by the whole class; rather different 
groups are at work on different projects. This de- 


velops a sense of curiosity which adds to the general 
interest. 

' Prcsented before the Division of Chemical Education at the 
I3lst Meeting of the American Chemical Society, Miami, 
April, 1957. 

* Bray, W. C., W. M. Larimer, anp R. E. Powe, “A 
Cours in General Chemistry,” Macmillan Company, New 
York, 1950, pp. 107-11; H. W. Franrz, “A Laboratory Study 
of Chemical Principles,” W. H. Freeman and Company, San 
Francisco, 1956, pp. 129-34. 
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SOME ELECTROCHEMICAL EXPERIMENTS FOR 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


MEL GORMAN 
University of San Francisco, 
San Francisco, California 


These experiments are not intended as a complete 
study of the phenomena and calculations involved. A 
full explanation of the operation of these cells would 
include a consideration of polarization and liquid 
junction potential, and a strictly quantitative treat- 
ment of results would require the use of activities in- 
stead of concentrations. All of these topics may be 
studied more advantageously in advanced courses. 
For the purposes of the experiments mentioned in this 
paper the “standard’’ potential is defined as the po- 
tential of an electrode in which all concentrations are 
one molal. Any errors due to polarization and liquid 
junction are assumed to be negligible. 


ELECTROCHEMICAL UNKNOWNS 


Two types of unknowns are used for the purpose of 
enhancing student interest. One of these consists of 
a metal such as cadmium and its one-molal sulfate. 
To freshmen, cadmium looks like several other metals, 
so it cannot be identified by mere visual observation. 
The group simply is told that the solution is a one- 
molal solution of a salt of the unknown electrode. 
The students are asked to construct two celis using the 
unknown couple and copper and zinc couples, respec- 
tively, and to report the potential of the unknown 
metal. Nothing new is involved in the mechanical 
construction of the cells, but the students have no way 
of knowing which electrode will function as the reducing 
agent, so they have to experiment with the voltmeter 
connections. Also, since they have no way of checking 
the accuracy of the cell potential, they are advised by 
the instructor to take readings at intervals until they 
are convinced that as constant a potential as possible 
has been established. The results must be handled 
differently than those from the preliminary cells. 
Instead of adding the potentials of two known half- 
reactions, there is only one known half-reaction and the 
observed cell voltage. From these the students cal- 
culate the “‘standard”’ potential of the unknown couple. 
The results obtained by eleven freshmen students are 
given in the accompanying table. The ‘‘standard”’ 
potential of the zinc couple is taken as 0.76 volt and that 
of copper as —0.34 volt. 
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Typical Results for tee of Cadmium Electrode 


oten 
1 2 3 4 § 
Cd-Zn cell cale. Cd-Cucell &&cacale. Av. of col. 
from col. 1 from col.3 2and4 
0.35 0.41 0.70 0.36 0.39 
.34 42 .70 .36 .39 
34 42 .68 34 .38 
41 .69 .38 
.33 65 31 37 
.33 .43 69 39 
.34 .42 66 37 
.33 43 63 .29 36 
.32 44 71 41 
.34 .42 70 39 
.32 .44 67 .33 39 


It is obvious that some of the best results are for- 
tuitously close to the true standard potential of cad- 
mium, +0.40 volt. In previous years some students 
have obtained somewhat lower averages, and have 
reported that the unknown metal is either indium 
(standard potential, 0.34 volt) or cadmium. Like- 
wise, those who obtain higher averages are apt to 
report that the metal is iron (standard potential of the 
iron-ferrous couple, 0.44 volt) or cadmium. 

Another type of unknown is a nonmetallic couple 
such as ferrocyanide-ferricyanide. Students are given 
equimolal solutions of potassium ferrocyanide and 
ferricyanide, identified only as A and BP, respectively. 
They are told merely that the valence of a certain 
element in B is higher than the same chemical form of 
the element in A. (The class has not studied iron and 
therefore cannot identify the solutions by color.) 
This presents a more difficult unknown than the first 
type. Student questions indicate that they wonder 
about such things as the necessity of using two cells, 
one of each solution, or whether they really need both 
solutions, and what kind of an electrode to use. It is 
hoped that the experience in using the bromine-aqueous 
sodium bromide couple will serve to indicate that the 
solutions must be mixed and a carbon rod used as an 
electrode. Some students can see this, others need 
assistance. However, once the couple is combined 
with a known couple, the cell voltage is measured with- 
out difficulty. Some students will have a little trouble 
with the sign of the “standard” potential (—0.36 
volt), but results obtained are comparable to those of 
the unknown metallic couples. Other choices for use 
as unknowns are the ferrous-ferric and the cerous- 
ceric couples. 


Special projects in the study of cells can be assign (| 
which will give the freshman an introduction to the 
research activity of a chemist. Many cells, no matt:r 
how carefully constructed, will not necessarily work :o 
give their calculated potential, or even work at ai!. 
Consequently, the instructor can propose to the sti- 
dents as a genuine problem a cell whose electrodes are 
more complicated than those of the preceding un- 
knowns. For the purpose of challenging the students 
the best cells are those which present problems which 
affect the voltage. Very well suited for this purpose 
are couples such as copper-cuprous chloride-aquecus 
chloride. Iodides, bromides, and chlorides of copper 
and silver are used. The electrodes are prepared 
easily; for example, a strip of copper can be dipped into 
a solution of cupric chloride to form a film of cuprous 
chloride, and a strip of silver can be immersed in bro- 
mine water to form a coating of silver bromide. A 
typical cell would be Zn, 1 M ZnBre, CuBr, Cu. Sucha 
cell gives erratic voltmeter readings, varying by +0.2 
volt. Probably most of this behavior is traceable to 
the cuprous bromide—its method of preparation, 
action of dissolved oxygen, and complexing with bro- 
mide ion. In the past, students have worked on these 
difficulties under the instructor’s direction and have 
gained valuable experience in tackling problems whose 
answers cannot be found in textbooks. 


It should be emphasized that the purpose of this ap- 
proach is not to increase the student’s knowledge of 
technical information nor to claim a superior way of 
teaching electrochemistry, but rather to show the 
beginner how a typical subject in chemistry presents 
interesting and challenging problems. There is a spirit 
of zestful animation while the students work on the 
unknowns and special problems which is not apparent 
when the class is doing any run-of-the-mill experiment. 
Many more students stay after the end of the labora- 
tory period to continue these experiments, and many 
request permission to use the laboratory when they 
are not scheduled to do so. On occasion as much as 
25% of the class has volunteered to work a whole after- 
noon on some of the electrode problems. Students 
have also requested materials to work with in their 
home laboratories. From this, one concludes that the 
idea seems to be succcessful for generating student 
enthusiasm. 


SISTER AGNES ANN GREEN, Chemistry Department, Im- 
maculate Heart College, Los Angeles, California, has been elected 


Chairman-Elect of the southern section of the PSACT. She 
will replace G. Ross Robertson of U.C.L.A. in this capacity, 


since Dr. Robertson will spend most of next year in Illinois. 
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290th MEETING 


The 290th meeting of the NEACT was held jointly 
with the Connecticut Valley Section of the American 
Chemical Society at Weaver High Schoo!, Hartford, 
Conn., on April 13, 1957. After a coffee-hour get- 
together, the groups were welcomed by Robert H. 
Black, Superintendent of the Hartford school system 
and by William F. Aitken, Principal of Weaver High 
School. 

Elizabeth W. Sawyer, Chairman of the Western 
Division, introduced the first speaker, John T. Stock, 
Associate Professor of Chemistry at the University of 
Conrecticut. Dr. Stock showed slides and a moving 
picture on the subject, ‘“Microchemical apparatus— 
from prototype to production.” _ The film showed the 
“vest-pocket”” assembly kit being used to perform 
several laboratory functions, such as determining melt- 
ing points, filtering with suction, and running frac- 
tional, vacuum or steam distillations. Originally this 
film was made for and shown on the British Broadecast- 
ing Company’s program, Science Review. 

Dr. Stock’s remark, “It’s easy to think of compli- 
cated ways of doing things—the work starts when you 
try to make them simple,”’ was nicely illustrated by the 
small, ingenious devices he had on display. This 
apparatus had been sent over from London and some 
of it, aecording to Dr. Stock, had been “not quite 
robust enough to stand being thrown off the deck.” 
Dr. Stock’s paper appeared previously in THIS JouRNAL 
(July, 1957, p. 358). 

The second speaker introduced by Miss Sawyer was 
Bayes M. Norton, currently Carnegie Fellow at Brown 
University, on leave from Kenyon College. ‘The ad- 
vanced placement program of the college entrance 
examination board” was presented by Dr. Norton with 
clarity and authority. In his recapitulation of the 
beginnings of this program, Dr. Norton mentioned the 
similarities in the findings of the College Study and 
those of the Andover Study. He reminded his audi- 
ence that the NEACT had supported the subject- 
matter committee and -had given suggestions which had 
resulted in the measurement questions becoming 
seconlary to the essay questions in the advanced stand- 
ing examinations. The American Chemical Society 
was given credit for having implemented the special 
summer conferences in regard to this program. 

After a buffet luncheon and a business meeting, Rolf 
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Buchdahl, Chairman of the Connecticut Valley Section, 
introduced William O. Baker of the Bell Telephone 
Laboratories, Inc., whose talk was titled, ‘Perspectives 
on atoms, bonds, and crystals.’’ With his parrot-at- 
an-auction story as a trompe-l’oeil, Dr. Baker swung 
over to a discussion of highly purified solids as a source 
of information on chemical bonds. The regularity of 
such crystals greatly magnifies unusual bonding. Now 
that the surfaces of some of these solids can be made 
with a predetermined number of dangling bonds which 
may react with substances, catalytic action can be 
further elucidated. The five main topics in Dr. Baker’s 
talk on ‘““ABC’s” were: (1) ““No-atom” bonds—vacan- 
cies and dislocations. (2) Crystal valences can include 
missing electrons (positive holes); or extra electrons 
(negative electrons); electron-hole bonds; ionization 
in solid electrolytes; and be identified in mass action 
and solubility behavior. (3) Hydrogen reactions with 
oxides: Hz in ZnO yields OH~ + e~, because solubility 
of H, in ZnO is independent of H,O concentration in 
gas. Thus, hydrogen does not immediately reduce 
ZnO. (4) Oxides and oxygen in crystals—new silver 
oxides identified. (5) Bonds involving free electrons 
or radical states in hydrocarbon solids. Unpaired elec- 
trons suggest a method of transition state bonding in 
conjugated structures like phthalocyanines. 


Business Meeting 


President Marco H. Scheer opened the meeting at 
1:45 P.M. 

The secretary read the list of the new members 
admitted into the Association since the meeting of 
February 9, 1957: 


Felix W. Andrus, Head of Science Department and Teacher of 
Physics and Chemistry, Haverhill High School, Haverhill, 
Massachusetts 

James W. Bobbitt, Instructor in Chemistry, University of Con- 
necticut, Storrs, Connecticut 

Robert M. Burdett, Head of Science Department, Thayer 
Academy, South Braintree, Massachusetts 

Charles M. Clark, Chemistry Instructor, Haverhill High School, 
Haverhill, Massachusetts 

Robert P. Cunningham, Chemistry Teacher, Malden High 
School, Malden, Massachusetts 

Marilyn Drewes, Science Teacher, Lynnfield High School, Lynn- 
field, Massachusetts 

Raoul E. Harpin, Teacher of English and French (and possibly 
Science, soon), Lynn Eastern Junior High School, Lynn, 
Massachusetts 
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Robert F. Kelley, Science Teacher, Chandler Street Junior High 
School, Worcester, Massachusetts 

Richard B. Kellom, Chemistry Instructor, Mount Hermon 
School, Mount Hermon, Massachusetts 

Albert R. Lambert, Jr., Teacher of Science and Mathematics, 
Hillsboro High School, Hillsboro, New Hampshire 

Paul A. Lydon, Department of Education, Commonwealth of 
Massachusetts, Boston, Massachusetts 

Howard E. Norris, Chairman, Science Department, The Loomis 
School, Windsor, Connecticut 

Paul E. Plasse, Webster, Massachusetts 

Mrs. Ludwig F. Schaefer, Assistant Professor, University of 
Bridgeport, Bridgeport, Connecticut 

Sister Mary of Wisdom, Chemistry Teacher, Notre Dame High 
School, Berlin, New Hampshire 

John T. Stock, Associate Professor of Chemistry, University of 
Connecticut, Storrs, Connecticut 

Louis O. Vadnais, Student Teacher in Chemistry, Norwood 
High School, Norwood, Massachusetts 

Omer L. Widmoyer, Health Physics Officer, Nuclear Metals 
Inc., Cambridge, Massachusetts 


29lst MEETING 


The entire program at the 29ist Meeting, held in 
Attleboro, Massachusetts, May 11, 1957, was con- 
tributed by Metals and Controls, Inc., of Attleboro. 
The morning program and luncheon were held at the 
Attleboro High School and the afternoon session at the 
company’s plant. After a welcome by Ralph C. Sturke, 
Superintendent of Attleboro Schools, the morning 
program was conducted by Everett F. Learnard of 
Norwood High School, Chairman of the Central 
Division. The first event was the projection of a 
motion picture in color on “The Gold filled story,” 
dealing with the production and uses of rolled gold 
plate at Metals and Controls. Then Robert Murphy, 
a chemist at Metals and Controls, discussed the ‘‘Spec- 
trographic analysis of metals.” The most modern 
equipment has been procured by the company that 
permits the isotopic analysis of the U-235 content of 
reactor fuel element alloys by means of an “eschelle”’ 
optical spectrograph, one of the very few in existence. 
Quantitative analyses are performed by use of X-ray- 
fluorescence techniques, again with recently developed, 
automatic equipment. By avoiding the usual mass- 
spectrographic procedures for isotopic analysis and the 
laborious wet-chemical methods for trace impurities, 
analytical results are obtained faster with a smaller 
staff. Mr. Murphy succeeded admirably in clarifying 
these techniques. During the afternoon, under the 
auspices of the Public Relations Department, a guided 
tour was made of most of the shops of Metals and Con- 
trols. The methods of producing bimetallic alloys 
and fabricating them into thermostatic control devices 
were thoroughly explored. The fabrication of gold- 
filled metal shapes, such as tubes, wires, strips and in- 
layed alloys was also demonstrated. Exhibits showed 
the ultimate destinations of these products. The after- 
noon was concluded with a talk by Arthur R. Matheson 
of the Nuclear Products Division on ‘Production of 
nuclear fuels.” The building in which fuel elements for 
nuclear reactors are made is under security guard and 
was not visited. Dr. Matheson, however, brought 
over from the plant full-scale models of MTR fuel 
elements and other interesting exhibits. A Geiger- 
Mueller counter was provided to demonstrate the mild 
radioactivity of aluminum- and zirconium-clad uranium 
(unenriched) alloys. His clear exposition of the pro- 
duction techniques for the fabrication of these 
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important components of atomic power plants was 
enthusiastically received by the seventy-five membe: s 
present. 


Business Meeting 


President Marco H. Scheer opened the business 
meeting at 11:40 a.m. 

Following are the names of new members admitt«d 
into the Association since the last meeting: 


Richard F. Burns, Chemistry Teacher, Northbridge High 
School, Whitinsville, Massachusetts 

Phillips B. Carlisle, Head of the Science Department, Belmont 
Hill School, Belmont, Massachusetts 

Roland E. Lessard, Biology and General Science Teaclier, 
Killingly High School, Danielson, Connecticut 


Maurice Whitten, co-chairman in charge of arrange- 
ments for the Nineteenth Summer Conference, making 
a report on the further progress of his part of the pro- 
gram, announced that the American Museum of Atomic 
Energy, Oak Ridge, Tennessee, will send one of its 
exhibits to the Summer Conference, and that a ‘book 
exchange”’ will be inaugurated at which teachers will 
have an opportunity to exchange surplus textbooks 
with one another. 

The business meeting was adjourned at 11:47 a.m. 
and the annual meeting opened immediately. 


ANNUAL MEETING 
The minutes of the adjourned Annual Meeting held 


_at the University of New Hampshire on August 24, 


1956, were read and accepted. 
The Rev. Joseph A. Martus, 8. J., secretary, read 
the Report of the Membership Committee: 


Membership May 12, 1956 595 
Membership May 11, 1957 649 
Suspended January 1, 1957 33 
Reinstated 11 
Dropped 22 
Resigned during this fiscal year 17 
Deceased during this fiscal year 3 
New Members 84 
From 18th Summer Conference 23 
From high schools 63 
From colleges 17 
Student members 4 
Honorary members 26 
Honorary and active 17 
Honorary only 9 

1 


Complimentary member 


The Eighteenth Summer Conference was held at the 
University of New Hampshire, Durham, New Hamp- 
shire, from August 20-25, 1956, with Louise (. C. 
Swenson, English High School, Lynn, Massachusetts, 
and Clinton 8. Johnson, Rhode Island College of 
Pharmacy, as co-chairmen. 

Five meetings were held during the year, as fo'lows: 


287th: Keene Teachers College, Keene, New Hampshire, () :tober 
13, 1956 

288th: Boston University, Boston, Massachusetts, Decer ver §, 
1956 

289th: Bradford Durfee Technical Institute, Fall River, \1as* 
chusetts, February 9, 1957 

290th: Weaver High School, Hartford, Connecticut, April |. 
1957 
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291st: Attleboro High School, Attleboro, Massachusetts, May 
11, 1957 


A. Marrus, Secretary 


Carroll B. Gustafson, treasurer, read an informal re- 
port of his office, which assured the members that a 
favorable balance existed in the accounts of the Asso- 
ciation. The fiscal year ends in June, 1957, at which 
time the annual treasurer’s report will be prepared. 

Avery A. Ashdown, treasurer of the Board of Trustees 
of the Endowment Fund, read his report which was 
forwarded to the auditor for checking. It will be 
presented for acceptance at the time of the Summer 
Conference. 

Ralph E. Keirstead, curator, read a report of the 
activities of his office, which follows: 


The duties of the curator are largely routine and repetitive. 
Thus they are hardly the subject of a thrilling Annual Report. 
It can be reported that: (1) The permanent record file is up to 
date. (2) Division chairmen have been provided with assist- 
ance in advertising the meetings to prospective members. (3) 
The reprints of the Report have been distributed, as directed in 
the By-Laws. (4) All new members have been provided with 
a packet of materials. 

As a special project, the Constitution and By-Laws, as revised 
by the Association and the Executive Committee, have been 
duplicated and distributed to those desiring them. 

Up to May 1, 1957, 2128 persons have been admitted to 
membership in the Association since its founding in 1898. 


E. Kerrsteap, Curator 


Laurence 8S. Foster, editor of the Report, made an 
informal report on his activities during the past year, 
in which he was happy to recall that the various issues 
of the Report appeared on schedule in the JouRNAL OF 
CuemicaL EpucatTIon. 

Seward E. Beacom, in making his report as editor of 
the Newsletter, recounted that all the issues of the 
Newsletter appeared on schedule. He also made a 
motion, which was unanimously passed, that the secre- 
tary by instructed to send a letter of appreciation to 
Carroll B. Gustafson and the staff of the Chemistry 
Department of the Massachusetts College of Pharmacy 
for their wholehearted generosity in publishing and 
mailing the Newsletter. 

Austin S. Kibbee, Jr., chairman of the Committee on 
Industry and Education, forwarded a report drafted by 
Stephen S. Winter, which reads as follows: 


The successful inception of the clearing house for summer 
employment by the NEACT Committee last year led to the 
adoption of this program by the Chemistry Education Com- 
mittee of the Northeastern Section of the American Chemical 
Society. As a result the program was somewhat expanded and, 
. this time, seems more successful than was last year’s initial 

‘ort. 

(1) The number of companies contacted increased to about 
120. This included a sizable number outside the greater Boston 
area. 

(2) The number of available summer positions increased to 
about 30 in about 20 companies. Several New Hampshire 
employers listed available openings. 

(3) The number of applicants who have been referred now 
stands at about 10. This also represents a slight increase. 
Sever:| additional teachers have indicated that summer study 
commitments prevent them from seeking employment during 
1957. In 1958, however, they will look to the Committee for 
help in this matter. 

(4) Operating the various services of the Clearing House 

year were Dr. H. H. Reynolds of the Cryovac Co., who 
contacted the industrial companies; Dr. S. S. Winter, who 
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handled the publicity sent to secondary school teachers; and Dr. 
L. H. Perry of the UBS Chemical Co., who undertook the task 
of bringing available openings to the attention of the applicants. 


S. WINTER 


Robert D. Eddy, president-elect of the Association, 
and member of the Honorary Membership Committee, 
read a citation proposing John A. Timm, Chairman of 
the School of Science, Simmons College, Boston, Mas- 
sachusetts, as an honorary member. The members 
present unanimously passed a motion electing Dr. 
Timm to honorary membership. The citation read as 
follows: 


JoHN ARREND Timm: For seventeen years a member of this 
Association with ever increasing participation in its activities, 
culminating in the Presidency in 1954; originator of the idea for 
its Summer Conferences, and a willing organizer and contributor 
to their programs; a distinguished teacher of science and writer 
of textbooks; a leader in divisional and sectional activities of 
the American Chemical Society, and the initiator of the Lyman 
Churchill Newell Grants for local science teachers to attend the 
NEACT Summer Conferences. Because of your outstanding 
contributions to its programs, the New England Association of 
Chemistry Teachers is pleased to confer upon you the status of 
Honorary Membership. 


Guy F. Burrill, chairman of the Nominating Com- 
mittee, proposed the following slate of officers for the 
year 1957-58: 


President: Robert D. Eddy, Tufts University, Medford, Massa- 
chusetts 

Vice-President: Carl P. Swinnerton, Pomfret School, Pomfret, 
Connecticut 

Secretary: Rev. Joseph A. Martus, 8.J., College of the Holy 
Cross, Worcester, Massachusetts 

Treasurer: Carroll B. Gustafson, Massachusetts College of 
Pharmacy, Boston, Massachusetts 

Curator: Ralph E. Keirstead, Department of Education, State 
of Connecticut, Hartford, Connecticut 

Auditor: S. Walter Hoyt, Belmont 78, Massachusetts 

Member of Endowment Fund Committee, for 3 Years, 1957-60: 
Avery A. Ashdown, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 

Central Division Chairman: Everett F. Learnard, Norwood 
High School, Norwood, Massachusetts 

Northern Division Chairman: Edwin Betz, Keene Teachers 
College, Keene, New Hampshire 

Western Division Chairman: Elizabeth W. Sawyer, Weaver 
High School, Hartford, Connecticut 

Southern Division Chairman: James Watters, Bradford Durfee 
Technical Institute, Fall River, Massachusetts 


Guy F. Burritt, Chairman 
Wa ter G. STEWART 
LEALLYN B. CLapp 


The secretary was directed by a unanimous vote of 
the members present to cast one ballot for the slate as 
presented. 

To fill the place on the Nominating Committee 
vacated by the outgoing chairman, the members elected 
Louise O. C. Swenson, English High School, Lynn, 
Massachusetts. The membership of this committee is 
now made up as follows: 


Walter G. Stewart, until June 30, 1958,Chairman 
Leallyn B. Clapp. until June 30, 1959 
Louise O. C. Swenson, until June 30, 1960 


In closing the meeting Marco Scheer expressed his 
appreciation for the generous cooperation he received 
from all sides during his term of office. 

The meeting was adjourned sine die at 12:20 p.m. 
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Rosert D. Eppy was 
born in Providence, 
Rhode Island, on Octo- 
ber 15, 1914. Both his 
parents had been high- 
school teachers. He re- 
ceived his schooling in 
the Providence Schools 
and entered Brown Uni- 
versity in 1931 where he 
came under the influence 
of several NEACT mem- 
bers. Norris W. Rake- 
straw taught him general 
chemistry and his Dean 
was the late Samuel T. 
Arnold, who was also a 
member of the Chemistry 
Department. After grad- 
uation in 1935 with the 
A.B. Degree in Science, 
he entered the graduate school at Princeton where 
Hubert N. Alyea, another NEACT member, influenced 
his career. He received his Ph.D. in 1939. After a 
brief teaching assignment for one semester at Dartmouth 
College in 1939, he joined the Chemistry Department 
at Tufts College (now University) where he’ has at 
various times taught general chemistry, inorganic 
chemistry, qualitative and quantitative analysis, and 
physical chemistry. He now holds a professorship and 
is in charge of the freshman work. Soon after entering 


duette (Boston, Massachusetts) 
Robert D. Eddy 


r 


WE 


his teaching career, he joined this Association in 1940 an: 
has maintained continued interest and active participa- 
tion in its activities. He has been particularly concerned 
with the summer conferences and served on the com- 
mittees of those held at the University of Vermont, Un:- 
versity of Rhode Island, Bowdoin College, the Univer- 
sity of Massachusetts, and the recent one at Tufts 
University. He was co-chairman (with Edward 
Haenisch) of the one at Massachusetts, and secretary 
of the Tufts conference. He has prepared a Summor 
Conference Handbook which serves the present committe 
as an answer to all its questions! In addition to NEACT 
activities, Dr. Eddy has been continually involved in 
affairs of the Northeastern Section of the Americ:n 
Chemical Society and at present is Chairman of the 
Board of Publications. He is a member of Sigma Yi 
and past president of the Tufts Chapter. 

In 1939 he married Sarah E. Frost (Pembroke, 1938) 
and has three children. The Eddys live in a high- 
studded, 100-year-old house on the side of a hill in 
Winchester, Massachusetts, where his do-it-yourself 
projects keep him perennially busy. In his remaining 
spare time he indulges in sailing with the Winchester 
Boat Club, playing tennis and swimming in the sum- 
mer-and skiing in the winter. He also is on the board 
of the Winchester Unitarian Players in whose plays he 
occasionally appears. Two years ago Dr. Eddy 
accepted the office of Vice-President of NEACT and 
has now been selected as its 33rd President. 


A. Marrtus, Secretary 


UNESCO SOURCE BOOK FOR SCIENCE 


SCIENCE IN THE MAKING 


Joel H. Hildebrand. Columbia Univer- 
sity Press, New York, 1957. 116 pp. 
Figs. and tables. 14 X 21cm. $3. 


Tuts little book embodies the Bampton 
Lectures for 1956. Its substance is 
drawn from a course, given by the well- 
known Professor Emeritus of Chemistry 
at the University of California, designed 
to acquaint college students with the 
nature of science. 

In the first chapter stages in the develop- 
ment of a general theory of solution are 
used to illustrate “science in the making.”’ 
The second chapter affords a great many 
examples of the disuse and misuse of science 
in matters of concern to men and their 
societies. Using thermodynamics by way 
of illustration, the third chapter con- 
siders the nature and function of. scientific 
theories. The fourth and final chapter 
presents a “lab-stool philosophy’’ that 
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couples deep faith in the benefits realizable 
by a wise exploitation of scientific knowl- 
edge with a vigorously expressed contempt 
for various solutions to the “human pre- 
dicament’’ which are no more plausible 
than they are illusory. 

. The illustrative examples are lucidly but 
very tersely stated. One previously un- 
acquainted with the subject matter might 
have difficulty in following them. But this 
is not a textbook: its aim is not to teach 
science but to give some sense of what 
science is. The writing is direct, replete 
with vivid analogies and metaphors, 
highly personai, and often quite tart. 
The author is no respecter of the prejudices 
of others, but does not hesitate to inject a 
few of his own. He has given us no pro- 
found analysis but a diverting, slight, pro- 
vocative, impressionist sketch of science. 


LEONARD K. NASH 
Harvarp UNIVERSITY 
CamBRIDGE, MASSACHUSETTS 


TEACHING 


UNESCO Publications Center, 152 W. 
42nd St., New York 36, N. Y., 1956. 222 
pp. 15.5 X 23.5 cm. Paper bound, 
$2.50; cloth bound, $3. 


Tus book is a modification and 
amplification of one previously pre)ared 
for use in war-devastated countries 
illustrating to teachers of science, es)cial- 
ly general science, methods of preparing 
equipment from minimal materials such 
as those that would be availab!e in 
almost any small city. It contains many 
clever adaptations of such minimal 
equipment to experimentation ii the 
classroom. The fact that it still retains 
some of its English accents and sp: lling 
may be a little confusing to American 
readers, but there are still so ‘any 
stimulating ideas that most teachers, evel 
on the college level, might, with profit, 
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look it over to get suggestions of how 
simply lecture demonstrations can be done. 

The principal objection to the book 
would be that it is more a list of demonstra- 
tions rather than it is a means of inter- 
preting what is observed. Too many of 
the experiments are merely outlined and 
the results pointed out with no suggestion 
whatever as to the scientific interpreta- 
tion of the results. Were it on a more 
advanced level, this would be quite 
defensible, but on the level for which it 
seems to be intended of general science in 
hig school, it might be better to have 
added a sentence or two in many cases 
pointing out the principle which is being 
demonstrated. Even this criticism is not 
serious enough, however, to prevent this 
book from being of great use to teachers, 
both in training and in practice. 

It is true that readers of the JouRNAL oF 
CaeMIcAL EpucatTion will have relatively 
little use for the actual material presented 
here, but I hope that many of them find 
it possible to point out to the high-school 
teachers they know that the book exists, 
and even to obtain the book for the 
local high schools so that it may be used 
to stimulate scientific experimentation in 
the secondary schools of this country. 


J. A. CAMPBELL 
Harvey Mupp 
CLAREMONT, CALIFORNIA 


DOCUMENTATION IN ACTION 


Jesse H. Shera, Dean, School of Library 
Science; Allen Kent, Associate Direc- 
tor, and James W. Perry, Director, Center 
for Documentation and Communication 
Research—all at Western Reserve Uni- 
versity, Cleveland, Ohio. Reinhold Pub- 
lishing Corp., New York, 1956. xii + 
471 pp. 16 X 23.5cm. $10. 


Tue people whose avowed occupation is 
“scientific information’’ appear to have 
convinced themselves and are trying hard 
to convince the rest of us that a new 
flood is upon us. Unless we quickly 
board the good ship ‘‘Documentation’’ 
the consequences are too frightening to 
contemplate. Now, in the days of Noah 
the problem of preservation was rather 
simple: there was one ark and no other 
choice or chance. This time there is 
quite a fleet of arks ready to save us, our 
firm, or corporation, and indeed civiliza- 
tion itself. These new vessels are not 
only modern but of space-ship quality. 
The most ambitious of them all is de- 
scribed in a “graphic record’’ called “Docu- 
mentation in Action.’’ The ship’s cruising 
radius is in the galaxies and beyond for 
which it is fully equipped. Apparently 
her terrestrial worth is very slight, but 
that need not disturb us for “... 
knowledge carries within itself the seeds 
of its own destruction—a kind of radio- 
active halflife. . .’’ (p. 6). No need to get 
technic: about “halflife.”’ The galactic 
convey:nee is equipped with the most 
advanced and some, as yet, non-existing 
devices. It is propelled by thrusts gen- 
erated by hot air derived from verbiage 
hot necessarily based on correct informa- 
“ton. The “new social dynamics’ are not 
really new. They were not new when 
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electricity was discovered, nor when a 
loadstone was used for the first time in 
navigation, and we may wonder whether 
they were new at the time of Prometheus. 
And so it goes throughout the ‘“Introduc- 
tion’’ which culminates in a call for 
“...one great effort for more effective 
utilization of man’s recorded knowledge. . . 
This is a worthy cause but perhaps we 
should first acquire the knowledge. 

Upon boarding the galactic conveyance 
and before admission to the company of 
the select we are to pass through 2 
purgatory where we are to be cleansed of 
such archaic impediments as grammar, 
syntax, etymology, etc., and then in- 
structed in “language engineering.’ This 
new form in which the wise will commune 
is defined on p. 330 in “phrastic elements’’ 
which I do not understand. Whatever it 
does, the article is certainly phrasy. 

If we still persist in using that obsolete 
tool there is no hope for us. Page 93 
warns us to “keep in mind that the basic 
structural features of modern language 
were developed long before the dawn of 
our modern industrial era.’’, Do we not 
realize that dealing with our grocer or 
butcher, or when ordering a double 
bourbon in our favored bar, we are 
doing so in the language of Beowulf? 
Such others, as Mendeleev, Planck, or 
Einstein did formulate their ideas in the 
existing languages but for “‘documenta- 
tion” these are inadequate. On page 197 
we find, “The librarian of the future... 
must be a creature of many muta- 
tions....’’ What does this mean? 
There are more questions of this kind 
that we could ask if space permitted. 

However, the book contains several 
papers of vaiue and interest, such as those 
by Adkinson, Fano, and Bernier, but 
these presentations are too “earthy’’ and 
of little use in the stellar realm of manage- 
ment, executives, decision makers, and 
other Olympians. 

The problems of gathering, recording, 
storing, and dissemination of . scientific 
information are very important and need 
solution. The problems are not new; 
they existed at the time of Hammurabi 
and they will exist after wire recording 
will become archaic. Kent (pp. 27-41) 
outlines the problems clearly and presents 
the cause for a cooperative effort very 
effectively. We should work for the best 
possible solution of these problems. 
But whatever these may be, I do not 
believe that they will stem from “language 
engineering,’ ‘“‘conceptualization,’’ or 
“semantic factoring.’’ 


M. HOSEH 
CuemicaL ABSTRACTS 
Wasnineron, D.C. 


THERMAL POWER FROM 
REACTORS 


A. Stanley Thompson and Oliver E. 
Rodgers, Studebaker-Packard Corpora- 
tion. John Wiley & Sons, Inc., New York, 
1956. xiii + 229 pp. 15 xX 23.5 cm. 
$7.25. 


THE major portion of this volume, con- 
sisting of eight chapters, constitutes a 
concise introduction to the pertinent nu- 
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clear engineering arising in reactor design 
and operation. The opening chapter 
gives the necessary nuclear physical 
background and is followed by two 
chapters, totaling 91 pages, which de- 
velop reactor criticality conditions and 
both steady state and transient neutron 
distributions. Chapter Four covers ra- 
diation shielding, Chapter Five, reactor 
materials. Only the three final chapters, 
totaling 65 pages, are primarily related to 
the question of power production, and 
here are covered thermal stress, power 
extraction, and thermal power cycles. 

This book is recommended to the 
reader with a background in differential 
equations who desires famiiiarity with 
quantitative considerations of the neutron 
reactor. 


R. A. NAUMANN 
Princeton UNIVERSITY 
Princeton, New Jersey 


PHYSICAL TECHNIQUES IN 
BIOLOGICAL RESEARCH. VOLUME 2: 
PHYSICAL CHEMICAL TECHNIQUES 


Edited by Gerald Oster, Polytechnic In- 
stitute of Brooklyn, and Arthur W. 
Pollister, Columbia University. Aca- 
demic Press Inc., New York, 1956. xv + 
502 pp. 15.5 X 23.5 cm. $12.80. 


Bro.oaica research is distinguished by 
the complexity both of the systems 
investigated and the methods employed. 
Few biological scientists are familiar with 
all the techniques that could be used to 
advantage in their work. On the other 
hand, methods are sometimes developed 
and refined by scientists who are unaware 
of specific systems for their novel appli- 
cation. Unfortunately, a scientific method 
is generally reviewed in detail for the 
expert active in the field or outlined 
superficially in a brief qualitative descrip- 
tion. Neither approach satisfies the real 
need of the research worker. In the 
present volume, the editors and authors 
are to be complimented for maintaining a 
balanced discussion that indicates the 
limitations and advantages of many 
physical chemical techniques. 

This book, the second in a three-volume 
series edited by Gerald Oster and Arthur 
W. Pollister, reviews physical chemical 
methods commonly used by biochemists, 
cytochemists, and biophysicists. The nine 
chapters include: Tracer Techniques: 
Stable and Radioactive Isotopes (Jacob 
Sacks); The Measurement and Properties 
of Ionizing Radiation (J. 8. Kirby- 
Smith); Sedimentation, Diffusion, and 
Viscosity (A. G. Ogston); Surface Film 
Techniques (Alexandre Rothen); Adsorp- 
tion and Chromatography (Norman 
Applezweig and Thomas F. Cleary); 
Electrophoresis and Ionophoresis (Kurt 
G. Stern): Electrical Potential Differ- 
ences (K. S. Spiegler and M. R. J. Wyllie); 
Magnetic Methods (Scott Blois); and 
X-Ray Diffraction and Scattering (Gerald 
Oster). 

The value of any measurement is 
limited by the modifications in the 
experimental system that result from the 
measuring process, and the assumptions 
necessary for the interpretation of the 
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data obtained by the measurement. 
Unless the investigator has some under- 


~. standing of the theoretical basis for the 
= experimental technique, the technique may 


be incorrectly applied or the data mis- 
interpreted. The problem is well indicated 
by Ogston in his discussion of the hydro- 
dynamic properties of solute particles, 
“ ..it is clear therefore that there is a 
risk of estimating not the characteristics 
of the solute particle itself, but of the 
model particle which replaces it in the 
theory.” Thus the need for a good 
introductory discussion cannot be over- 
emphasized. This volume fills that need. 
It does not replace the many compre- 
hensive monographs available, but, it 
supplements these monographs and pro- 
vides the investigator with the necessary 
background for his further study. The 
book is a valuable addition to the litera- 
ture and highly recommended for the 
personal library of any biochemist and 
biophysicist active in research. 

DAVID G. CORNWELL 
Outo State UNIVERSITY 
On10 


SEMIMICRO QUALITATIVE ORGANIC 
ANALYSES: THE SYSTEMATIC IDENTI- 
FICATION OF ORGANIC COMPOUNDS 


Nicholas D. Cheronis, Professor of 
Chemistry, Brooklyn College, and John B. 
Entrikin, Professor of Chemistry, Cen- 
tenary College of Louisiana. Second edi- 
tion. Interscience Publishers, Inc., New 
York, 1957. xiv + 774 pp. 92 figs. 
Numerous tables. $9. 


THE completely rewritten and ex- 
panded second edition of this book is di- 
vided into four parts: Part One—Tech- 
niques of Organic Analysis; Part Two— 
Procedures for Tentative Identification of 
an Unknown; Part Three—Procedures 
for Final Characterization of an Unknown; 
Part Four—Tables of Organic Compounds 
with Their Constants and Derivatives. 

This is the most comprehensive treat- 
ment of qualitative organic analysis cur- 
rently available in a single volume. The 
chapters on laboratory techniques are 
clearly written and amply illustrated; 
specific, detailed examples of various 
techniques and apparatus tempt one to go 
immediately into the laboratory. The 
inclusion of discussions of fusion tech- 
niques, vacuum fractional sublimation, 
chromatographic procedures and ion ex- 
changers is notable. The discussion of 
solubility classifications is supplemented 
by a chapter on the use of Davidson’s 
acid-base indicators as a further aid in 
classification of water soluble compounds 
as well as compounds exhibiting border- 
line solubility. A section on the detec- 
tion of functional groups by infrared 
spectroscopy is also included. Stress is 
laid on the separation of mixtures and, in 
addition to the discussions in the chapters 
on techniques, a chapter on systematic 
procedures for fractionation of mixtures 
of unknowns is included. 

The section of the book devoted to 
derivatization of organic compounds cov- 
ers 211 pages. Tables devoted to phys- 
ical constants of organic compounds and 
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their derivatives (including numerous 
organo-fluorine and physiologically active 
compounds) require 186 pages. Exer- 
cises and problems are provided at the 
end of nine chapters. 

The usefulness of this book is greatly 
enhanced by the very extensive biblio- 
graphical references at the end of each 
chapter and the inclusion of an Index of 
the Text and an Index of Tables. The 
latter index lists approximately 5000 
organic compounds exclusive of thou- 
sands of their derivatives which are found 
in the tables. This book will be wel- 
comed by students of qualitative organic 
analysis as well as by more mature chem- 
ists faced with the problem of identifying 
organic compounds. 


JAMES L. A. WEBB 
SouTHWESTERN AT MEMPHIS 
CHAPMAN CHEMICAL COMPANY 
Mempuis, TENNESSEE 


SPOT TESTS IN ORGANIC ANALYSIS 


Fritz Feigl, Laboratorio da Producao 
Mineral, Ministerio da Agricultura, Rio 
de Janeiro; Professor at the University of 
Brazil. Translated by Ralph E. Oesper, 
Professor Emeritus, University of Cincinnati. 
Elsevier Publishing Co. Amsterdam; dis- 
tributed by the D. Van Nostrand Co., 
Inc. Princeton, 1956. xx + 616 pp. 
Fiqures and many tables. 16 X 23 cm. 
$11. 


A piscussion of the use of spot tests 
for the detection of organic compounds 
and organic functional groups has ap- 
peared in earlier editions of Professor 
Feigl’s well-known book, “Spot Tests.’’ 
Prior to the fourth edition, which was 
published in 1954, the material on organic 
spot test analysis was of such limited 
scope that it was included as a supple- 
ment to the discussion of inorganic spot 
test analysis. In recent years, however, 
an increasing interest in this subject has 
resulted in the accumulation of a great 
amount of information, and in 1954 the 
fourth edition of “Spot Tests’? appeared 
in two volumes, the second of which was 
devoted to the use of spot reactions in 
qualitative organic analysis. So many new 
tests have now been developed that the 
present edition is not merely a repetition 
of the fourth edition, but it consists of an 
essential and fundamental enlargement. 
This is indicated by the fact that the 
number of pages has been increased by 
almost 200. The new fourth edition, 
‘which originally appeared as Volume II 
of “Spot Tests,’’ is now titled “Spot 
Tests in Organic Analysis.”’ 

The content of this book is arranged 
essentially according to the pattern 
adopted in the previous edition. The 
description of numerous procedures and 
the chemical principles upon which they 
are based, together with extensive litera- 
ture references, are presented as before. 

Some of the important changes appear- 
ing in the present volume are: The intro- 
ductory chapter has been increased to 
28 pages, and includes a more intensive 
treatment of the basic philosophy of the 
analytical use of organic reactions; it 
includes a consideration of the principles 


employed in the discovery of newanalytic::| 
reactions for organic compounds. Chapt»r 
III on Preliminary Tests has now been 
enlarged to 25 subsections with 62 tesis. 
Chapter IV on the Detection of Function :! 
Groups has now been enlarged to in- 
clude 49 subsections with 116 tess. 
Chapter V on the Detection of Individual 
Organic Compounds now includes dir: c- 
tions for the detection of 78 compouniis. 
Tests that are of significance to the chemis- 
try of natural products are included. 
Chapter VI on special applications }.as 
been enlarged to 62 examples and in- 
eludes the identification of medicinal 
products. A special chapter has b:en 
included to provide a bibliography of 
studies of spot reactions not considered 
in previous chapters. 

Professor Feigl has drawn on a very 
extensive knowledge of chemical re- 
actions in preparing the material for this 
book. Although the primary objective 
has been to develop a technique for the 
rapid identification of organic compounds 
by simple methods, this book is not 
simply a laboratory manual. All re 
actions used in the procedures are fully 
explained and are abundantly illustrated 
with chemical equations. For this reason 
‘Spot Tests in Organic Analysis’ should 
be a valuable reference work for the 
organic as well as the analytical chemist. 

This book is another of the many 
valuable contributions by the author in 
the development of new analytical 
methods. It should prove to be of value 
in practical organic analysis and as an 
aid in analytical research. 


FRANK J. WELCHER 
INDIANA UNIVERSITY 
INDIANAPOLIS, INDIANA 


QUANTITATIVE CHEMICAL ANALYSIS 


Cumming and Kay. Revised by Rf. A. 
Chalmers, Lecturer in Analytical Chem- 
istry, University of Aberdeen. Eleventh 
edition. Oliver and Boyd, Edinburgh, 
1956. xvi + 540 pp. 91 figs. 15 x 
23cm. 30/-. 


Tuis text which first appeared in 1913 
is now in its eleventh edition, a fact which 
attests to its popularity. The section 
on colorimetry has been completely re- 
written, and sections on the theory of pre- 
cipitation and contamination of precipi- 
tates have been included. A brief outline 
of newer physico-chemical methods has 
been added. The former treatment oi 
water analysis has been omitted. Sug- 
gested references have been added. Call- 
bration of volumetric glassware now ‘ollows 
the British Standard Specifications. 

The book is divided into eight se:tious. 
General Principles, Volumetric Aralysis, 
Gravimetric Analysis, Photometric Anal- 
ysis, Sytematic Quantitative Analysis. 
Examples of Complete Analysis including 
Simple Ores and Alloys, Gas A alysis 
and Physico-Chemical Methods The 
appendix lists common reagents. soll- 
tions for analysis, typical analyse= spe 
ific gravities of reagents, logarithm and 
selected bibliography. 

Interesting points to the reviewer a 
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touching them with a platinum wire 
anode, the use of anti-bump boiling rods, 
the looped suction tube filter, the use of 
EDTA as a complexing agent and the 
unusually exact measurement of amount 
of indicator used. 

This book is intended for college and 
university teaching in the introduction 
course in analytical chemistry. It in- 
cludes enough theory and _ reference 
material to satisfy most instructors who 
wish to emphasize theory. The proce- 
dures are extensive and appear thoroughly 
done. An outstanding quality is the 
evidence of wide and detailed experience 
of the authors. 

The drawings, while good, are conserv- 
ative in style. There are no problems 
with which to give the student practice 
in theory. 


WILLIAM MACNEVIN 
Ouio State UNIVERSITY 
Onto 


ORGANIC SYNTHESIS: VOLUME 1: 
OPEN-CHAIN SATURATED COM- 
POUNDS. VOLUME 2: OPEN-CHAIN 
UNSATURATED COMPOUNDS, ALICY- 
CLIC COMPOUNDS, AROMATIC 
COMPOUNDS 


Vartkes Migrdichian, Senior Research 
Chemist, Central Laboratory, American 
Cyanamid Co., Stamford, Conn. Rein- 
hold Publishing Corp., New York, 1957. 
Vol. 1: xxviii + 833 pp. Vol. 2: xiii + 
835-1822 pp. 16 X 23.5 cm. $35 for 
set. 


Tus work represents an effort” to 
provide a complete guide to the literature 
for the preparation of open-chain saturated 
and unsaturated compounds, alicyclic 
compounds, and aromatic compounds. 
A third volume dealing with heterocyclic 
compounds is contemplated. In contrast 
to the well-known volumes of “Organic 
Syntheses,’ the present books are not 
primarily a collection of laboratory 
directions, and experimental details are 
provided only for selected preparations 
of a general nature or for specific com- 
pounds which are illustrative. Thus the 
major usefulness of the work will be as 
a quite thorough and well organized guide 
to the literature. 

The organization follows that of many 
textbooks with division into chapters and 
sections of chapters according to functional 
groups or types of compounds with closely 
related material kept together as much as 
possible. Chapter 6 provides a representa- 
tive example and includes unsubstituted 
carboxylic acids, hydroxy acids, aldehyde 
acids, keto acids, amino acids, acid 
anhydrides, decarboxylation and degra- 
dation of acids, halogenation of acids, 
peracids, and acyl peroxides. A further 
feature is the treatment of more general 
preparative methods such that separate 
chapters deal with the Grignard reaction, 
the Friedel-Crafts reaction, and the 
diene synthesis. 

Attention has been given to special 
areas and among these are carbohydrates, 
terpenes, sterols, peptides, carotenoids, 
vitamins, organo metallics and compounds 
of boron, silicon, arsenic ete. This 
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ness of the work as a general laboratory 
guide. : 

The above would indicate that “Organic 
Synthesis’’ would be a valuable addition 
to the chemists’ library and this is un- 
questionably true. It has a wider coverage 
than ‘Synthetic Organic Chemistry’’ by 
Wagner and Zook which it most nearly 
resembles. On the other hand, the tables 
of physical constants appear to be more 
complete in the latter. 

Two features of the present work may 

be criticized. There is no index in the 
first volume and, in the opinion of the 
reviewer, its inclusion would be worth the 
small extra cost. There is a page of 
errata at the beginning of Volume 1 
but none for Volume 2. A quite brief 
search for specific errors showed that there 
are possibly quite a few of these in some 
sections, both in the text and structural 
formulas. To cite a few examples at 
random: p. 5, iaoms for atoms (line 15) and 
theroetical (line 35); p. 29, a trivalent 
carbon in the structure of the product of 
the Nef reaction. Also the products shown 
for the acetic anhydride sodium acetate 
treatment in the Zemplin Method are 
incorrect; p. 31, the structure of one of 
the osazones has CH instead of C,.H;; 
p. 37, Haworth is spelled Howorth (twice). 
On the other hand, a number of pages in 
other chapters checked had no errors and 
the total may well be average for a book of 
this type. Points of less importance are 
the use of rings both with and without 
double bonds for benzenoid compounds 
and a few rather poor structures, especially 
for the carbohydrates. None of these 
deficiencies seriously affect the very real 
value of the books and they, along with 
the third volume when it appears, will be 
among those used most frequently by the 
practicing organic chemist who has them 
available. 


ARTHUR G. ANDERSON, JR. 
UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 


MOLECULES AND CRYSTALS IN 
INORGANIC CHEMISTRY 


A. E. van Arkel, University of Leiden, 
Leiden, Netherlands. Interscience Pub- 
lishers, Inc., 1956. ix + 270 pp. 54 
figs. 4l tables. 14 X 22cm. $4.75. 


Tuis is the second edition of the volume 
originally reviewed in THIS JOURNAL, 
Volume 27, p. 169, January, 1950. It still 
contains the faults and serious limitations 
which were presented in that review. The 
main one of these is its continued insistence 
on discussing molecules as though they 
were composed of ions when an introduc- 
tion of covalent theory to a greater extent 
might make such discussion more profit- 
able. The book has been slightly ex- 
panded but relatively little of it shows 
any serious rewriting. This reviewer finds 
it unfortunate that the volume contains 
many statements which seem to be ex- 
tremely loose, such as: “The alkali and 
alkaline earth metals are present in all their 
compounds as ions, and the halogens in 
nearly ail their compounds as ions’’ (on 
p. 29); or on p. 51, “(molecules of Al,O;) 


feature materially enhances the useful- 


occur in a trigonal bipyramid in which 
the three 0?~ ions lie in an equilateral 
triangle in the plane of the meridian and 
the two Al** ions lie at the apices of the 
bipyramid’’; or the use of the symbol Pro 
for the element promethium; or on p. 31 
the statement “‘it is therefore quite easy to 
see why there is a limit to the number of 
compounds theoretically possible.’’ 

On the other hand, the book contains a 
very great amount of interesting material 
which could be read with profit by almost 
any teacher who is giving a course in 
structural chemistry. This reviewer, how- 
ever, could not recommend it for student 
use since the ionic point of view is so 
strongly overemphasized, there are so 
many misleading statements, and so little 
attempt to compare the relative merits 
of several theoretical approaches to the 
important problems which are discussed. 


J. A. CAMPBELL 
Harvey Mupp CoLiece 
CLAREMONT, CALIFORNIA 


FIBRES, PLASTICS AND RUBBERS: A 
HANDBOOK OF COMMON POLYMERS 


W. J. Roff, British Cotton Industry Re- 
search Association, Academic Press, Inc., 
New York; Butterworths Scientific Pub- 
lications, London, 1956. xvi + 400 pp. 
Many tables. 15 X 22cm. $10. 


Scientists and technologists in the 
plastics, textile, and rubber industries will 
welcome heartily this handbook on chem- 
ical, physical, and general information 
on common high polymers. The unique 
organization of information and _ the 
broad coverage of items makes this vol- 
ume a ready reference and an indispen- 
sable tool to all workers in these fields. 

The handbook is divided into two 
main parts: I. Data on _ Individual 
Polymers (tables 1 to 38); II. Data on 
Specific Properties and Related Infor- 
mation (tables 51 to 84). Tables 1 to 38 
include 63 different polymers; tables 51 
to 84 include 54 different topics. Each 
table of data is arranged as follows: 
.1 Structure, .2 Chemistry (.21 prepara- 
tion, .22 properties and .23 identification 
reactions), .3 Physics (.31 general prop- 
erties, .32 thermal properties, .33 elec- 
trical properties, .34 mechanical proper- 
ties), .4 Serviceability and Utilization, 
.5 History, .6 Additional notes, .7 Ad- 
ditional references. The tables on spe- 
cific properties include Structure (unit, 
molecular weight, X-ray data), Chemistry 
(Preparation, Solvents, Plasticizers and 
Identification ) and Physics (General prop- 
erties, Thermal properties, Electrical 
properties, and Mechanical properties), 
Serviceability and Utilization, History, and 
Additional References. 

One marvels at the completeness of the 
coverage and accuracy of the detailed 
data in this brief volume of 400 pages. 
A review of chief types of polymers, as 
well as a spot-check of references, shows 
the thoroughness of the work and the 
desired accuracy of its presentation. 
Although one finds the omission of a 
number of familiar American names, the 
most outstanding ones are mentioned. 
The proper use of bold-face type for 
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topics, the striking minimum of textual 
errors, together with a good index, are 
items which enhance the value of this 
handbook. 


ROY G. BOSSERT 
UNIVERSITY 
DELAWARE, OHIO 


TRAITE DE MICRO-ANALYSE MINERALE: 
QUALITATIVE ET QUANTITATIVE. 
VOLUME III 


Clement Duval. Presses Scientifiques 
Internationales, Paris, 1956. 548 pp. 
68 figs. Tables. 17 X 24.5cm. 


Tus is the third volume of the series 
which the present reviewers called ‘‘Traité 
Duvalique Analitique’’ (see THIS JoURNAL 
33, 519 (1956)). The present volume 
includes the elements iron, cobalt, nickel, 
the platinum metals, copper, silver, zinc, 
cadmium, and mercury. 

What was suggested in reviewing Vol- 
ume II of the series can now be stated in 
plain words. The title of the series is 
somewhat misleading. It is not merely a 
treatise. It is a Comprehensive Treatise 
of Inorganic Analysis, both Qualitative 
and Quantitative, with special emphasis 
upon methods suited for the investigation 
of small samples and the detection and 
estimation of trace constituents. To 
illustrate the extent and depth of coverage 
the section dealing with iron will be cited 
as an example: (a) occurrence; (b) prop- 
erties of its compounds and ions; (c) 
preparation of analytical solutions; (d) 
applications and uses; (e) methods of 
dissolving samples; (f) chemical separa- 
tions (from 18 different elements or 
groups); (g) chromatographic separations 
(both column adsorption, paper and elec- 
trophoresis are given in detail); (h) 
qualitative detection through: borax 
beads, flame, various types of spectra, 
microscopical tests, reactions with organic 
and inorganic reagents, and polarography; 
(7) quantitative estimation by: gravim- 
etry (18 listed of which 8 are in detail), 
electrolysis, titrimetry (8 methcds), cou- 
lometry, amperometry, potentiometry, 
polarography, colorimetry, spectography 
and activation analysis; (j) bibliography, 
listing 530 references. The total treat- 
ment of iron covers 67 pages with 15 
graphs, spectra, and chromatograms and 
9 tables. 

As indicated in the treatment for iron, 
the emphasis is on recent trends such as 
separation by extraction, electrolysis, 
column adsorption, paper chromatog- 
raphy, and electrophoresis and use of the 
so-called instrumental methods of analy- 
sis such as spectrography, polarography, 
colorimetry, and use of radioactivity. 
In an undertaking of this scope one should 
expect that omissions and errors inad- 
vertently appear. In the opinion of the 
reviewers such an omission occurs on page 
280 where the well-known test for mer- 
cury based on precipitation upon copper 
followed by distillation in a capillary 
is not found. However, the meticulous 
attention to minor detail which permeates 
the entire work can be judged from the 
discussion of the flame test for copper and 
the description of the borax and phos- 
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phate beads and the tests by means of the 
blow pipe which appear on the same page 
(280). A feature séldom found in other 
works of analytical chemistry is the fre- 
quent summary by means of graphs of 
data obtained through the thermobalance 
on the behavior of precipitates and in 
general of the forms of matter which 
the analytical chemist weighs at various 
temperatures, 

As indicated in the review of Volume 
II of the series, the work represents an 
accumulation and systematization of a 
tremendous amount of information which 
should be of use to all practicing chemists 
and teachers. 


A. A. BENEDETTI-PICHLER 
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HETEROCYCLIC COMPOUNDS. 
VOLUME 5 


Edited by Robert C. Eldertield, University 


of Michigan. John Wiley & Sons, Inc., 
1957. vii + 744 pp. 16 X 23.5 cm. 
$20. 


Votume 5 of this standard reference 
work deals with five-membered hetero- 
cyclic compounds, containing two hetero 
atoms, and their benzo derivatives. 

Chapter titles, authors, pages per 
chapter and number of references are 
given below. The latter numbers are 
only approximate, since many references 
have several sub-references. Chap. I. 
1,3-Dioxolanes and Derivatives, R. C. 
Elderfield and F. W. Short (44 pp., 162 
refs.); II. Pyrazoles and Related Com- 
pounds, T. L. Jacobs (117 pp., 829 refs.); 
III. Indazoles, R. C. Elderfield (32 pp., 
77 refs.); IV. Indoles and Condensed 
Indazoles, E. 8. Schipper and A. R. Day 
(104 pp., 254 refs.); V. Oxazole and Its 
Derivatives, J. W. Cornforth (164 pp., 
363 refs.); VI. Benzoxazole and Related 
Systems, J. W. Cornforth (34 pp., 130 
refs.); VII. Isoxazoles, R. H. Barnes 
(32 pp., 87 refs.); and VIII. Thiazoles 
and Benzthiazoles, J. M. Sprague and 
A. H. Land (239 pp., 1014 refs.). 

These chapters are a welcome addition 
to the review literature, and the authors 
have done a thorough and competent job 
of the presentations. Indeed, as is evi- 
dent from the above tabulation, the book 
represents several volumes in one, since 
some of the chapters are themselves of 
book length, and the clear, but smaller 
type font selected allows for much ma- 
terial per page. Thus, although the price 
seems high, the cost is not out of line for a 
book of this type. The style of the 
authors is concise and clear throughout, 
and a good job of proofreading and in- 
clusion of a general index enhance the 
value of the volume. Structure formulas 


are used generously and effectively to 
assist the reader to visualize the numerous 
relationships discussed. The physical 
makeup of the book is excellent. 

In the several items which this re- 
viewer checked with care, the presentation 
was well documented and the total lit- 


erature and patent sources were con- 
sulted. Chemical Abstracts references ar: 
generally given for articles from foreig:, 
journals which may be hard for the 
general reader to get at. In every cha) - 
ter, earlier major reviews are also cited. 

The chapters are more than a summary 
of synthetic results. Throughout, an 
attempt has been made to evaluate stru:- 
tural features in terms of modern ele:- 
tronic theory, to discuss reaction mec))- 
anisms, and to cite and discuss correlative 
aspects of properties. 

The choice of topics for inclusion seems 
appropriate, and a good balance has been 
struck between topics where stimulation of 
further work is desirable versus those in 
which great effort has already been con- 
centrated. The discussions are also well 
balanced to include the published data, 
speculation, as well as known and poten- 
tial applications of the compounds dis- 
cussed. It may also be noted that the 
following volume of the series will extend 
the contents of Volume 5 to the six-mem- 
bered heterocycles containing two hetero 
atoms. 

The most interesting aspect of a book 
of this type, to this reader, is the inclu- 
sion of examples of unfinished work which 
challenges further speculation and interest. 
For example (p. 182), the conversion of 
N-phenacy]-2-nitrobenzenesulfonamide to 
3-phenylindazole (in 46% yield, by heat- 
ing with 10% alkali) is reported in a 
manner which challenges the attention 
of those concerned with elucidation of 
mechanism or synthetic aspects of such a 
conversion. Other chapters have similar 
items which are worthy of notice. 

Volume 5 of ‘Heterocyclic Compounds” 
is highly recommended to libraries and in- 
dividuals who require thorough reference 
works on substances of this type. 


NORMAN KHARASCH 
University or SOUTHERN CALIFORNIA 
Los ANGELES 7, CALIFORNIA 


HETEROCYCLIC COMPOUNDS. 
VOLUME 6 


Edited by Robert C. Elderfield, Univer 
sity of Michigan. John Wiley & Sons, 
Inc., New York, 1957. vii + 753 pp. 
16 X 23.5cm. $25. 


Votume 6 of “Heterocyclic Com- 
pounds”’ is vet another example of that 
enormous amount of literature-helps and 
aids with which modern American chem- 
istry is blessed. These books are not 
only enormously useful to the worker in 
the fields discussed, because of the or- 
ganization and summary presented, but 
they are also very valuable to others who 
are not directly involved with the chem- 
istry treated. Not the least of this latter 
group is the ever-busy chemistry teacher 
who does not have the time, or in some 
cases the background, to keep up with 
the various aspects of the field. A short 
perusal of the volume by anyone with 4 
fair knowledge of organic chemistry wil! 
afford a surprisingly clear underst«nding 
of the topics discussed even thouzh he 
may not be working with the chemicals. 

The authors have limited themselve 
to a discussion of the literature anc pre 

(Continued on page A350) 
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SATION 


Lasr month we expressed some opinions endorsing 
the efforts of chemical educators who are trying other 
than the conventional organization of courses. This 
month we should like to emphasize a variation of the 
same theme. This is the equally commendable effort 
to modernize the undergraduate curriculum by the less 
drastic but undeniably effective device of altering the 
sequence of courses. 

Grinnell College (Grinnell, Iowa) has for years made 
a reputation among liberal arts colleges as a_ bac- 
calaureate origin of leaders in the chemical profession. 
Since 1954 the chemistry department has abandoned 
the traditional sequence of year courses: (general, 
analytical, organic, and physical) in favor of the follow- 
ing: 

Qualitative analysis is offered during the second semester of the 
freshman year as a part of both the general and the inorgainc 
chemistry courses. A  three-lecture, two-laboratory-per-week 
course in organic follows in the sophomore year. (Physics is 
taken concurrently.) In the first semester of the junior year 
there is a course in gravimetric and volumetric analysis. This 
is followed in the second semester by a course in which the lectures 
embody the outlines of an elementary course in physical chemis- 
try, accompanied by laboratory work in instrumental analysis 
on a level suited to undergraduates. In the senior year, majors 
take advanced physical chemistry (calculus and physics prerequi- 
sites) for the full year, together with qualitative organic analysis 
first semester and a two hour lecture and reading course in ad- 
vanced inorganic chemistry the second. 


F In addition to this offering of 38 semester credits, 
chemistry majors are urged to participate in an extensive 
program of undergraduate research and are required 
to pass senior comprehensive examinations. Profes- 
sor William C. Oelke, under whose chairmanship the 
Grinnell faculty has developed this curriculum, enthu- 


siastically endorses their “experiment” and comments 
as follows: 


At first there was some anxiety over the ability of second year 
students to do well in a substantial organic course. In practice, 
we find that sophomores are able to carry as rigorous a course in 
organic as did juniors. Student attrition in the organic course 
during the first semester of the sophomore year has been no 
greater than that experienced during the years when semimicro 
qualitative analysis was the sophomore course....The experience 


ence; its teaching deserves to be. 


in organic chemistry is usually an interesting one, and we feel 
this is a predisposing factor influencing students to choose a 
major in chemistry or other science rather than to shift into some 
nonscientific field at the middle or end of the sophomore year. 

At Grinnell many of the chemistry students carry on under- 
graduate research both during the school year and during the 
summer months under special grants. Putting organic chemistry 
in the sophomore year allows students to begin research in this 
field as early as the summer between the sophomore and junior 
years. Similarly, the semester of elementary physical chemistry 
and instrumental analysis in the junior year gives students the 
start in knowledge and techniques which is almost necessary in 
order to do senior research in physical or allied fields. Our new 
curriculum has definitely stimulated undergraduate research. 

The new curriculum has many advantages for the chemistry 
major. Work in analytical is broadened, modernized, and made 
much more interesting. A previous semester of elementary 
physical chemistry allows the senior physical chemistry course to 
move faster and to be taught more rigorously. While there is 
some repetition, it is in areas where repetition is usually needed 
for thorough mastery, and there is enough stimulation in the 
advanced presentation to keep up the interest. Also the labora- 
tory is free of routine instrumental experiments such as measure- 
ments of physical properties and electrometric titrations which 
are covered in the instrumental analysis. This allows time for 
more real experiments. 


It would not be appropriate for this page to urge the 
adoption of any “ideal” curriculum. Local require- 
ments, facilities, personnel, and points of view make it 
impossible to transplant successfully a thriving scheme 
from one campus to another. Universities with their 
greater curricular flexibility have fewer problems than 
do colleges with their limited staffs and facilities. For 
example, pre-medics must be trained in the same classes 
with the future chemistry Ph.D’s. (The Grinnell 
staff feel their plan solves this problem most satis- 
factorily.) 

Probably no plan is unique any more than it is 
perfect. This plan may have been tried and further 
modified in some other school. What we applaud 
wholeheartedly is the lack of complacency which led 
a faculty to try to do their job in a different way. 
The chances are that any new plan will be an improve- 
ment because of the critical evaluation which preceded 
its development. Chemistry is an experimental sci- 


. 
] 
Age 
‘ 
| 
oe 


~ 


Tue planning for the International Geophysical Year 
(IGY) 1957-58 has been in operation since April, 1950 
(1). The present IGY is a lineal successor of the Inter- 
national Polar Years 1882-83 and 1932-33. The IGY 
of 1957-58 originated from the suggestion of Dr. L. V. 
Berkner before a small group of geophysicists meeting 
at the former home of Dr. J. A. Van Allen, Silver Springs, 
Maryland. The proposal was formally brought before 
the International Council of Scientific Unions (ICSU) 
through the recommendations of four international 
scientific bodies, (a) The Mixed Commission on the 
Ionosphere (MCI), (b) International Union for Scien- 
tific Radio (URSI), (c) the International Astronomical 
Union (IAU), and (d) the International Union of Geod- 
esy and Geophysics (UGGI). After the decision that 
a third Polar Year should be organized, the Inter- 
national Council of Scientific Unions wisely widened the 
scope to cover the entire globe and designated it the 
International Geophysieai Year. World-wide publicity 
has been given to this extensive international enterprise. 
The words, “International Geophysical Year’’ and 
“Operation Deepfreeze,”’ are heard almost daily over 
the radio. It is the purpose of this paper to present a 
brief account of the IGY program, particularly those 
portions of interest to chemists. Although the fields of 
science which are cooperating are principally those re- 
lated to geophysical phenomena, there are many phases 
of the plans in which chemistry is involved either di- 
rectly or indirectly. 


HISTORICAL 


The first International Polar Year 1882-83 originated 
through the efforts of Lieutenant Karl Weyprecht, a 
well-known Austro-Hungarian polar explorer. After 
returning from his polar expedition of 1874, Weyprecht 
suggested at the 48th Meeting of the Association of 
German naturalists and physicists on September 18, 
1875, at Gratz, Germany, that instead of isolated voy- 
ages into the polar regions, expeditions should be or- 
ganized on an international basis and should have for 
their primary objectives to make simultaneous physical 
observations at several different points about the North 
Pole. Previously polar voyages had been made prin- 
cipally for geographic discovery, while scientific inves- 
tigations were considered of minor- and of secondary 
importance. 

Briefly the plans were to send out small expeditions 
whose tasks would be to conduct strictly simultaneous 
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THE INTERNATIONAL GEOPHYSICAL YEAR 
1957-58 AND CHEMISTRY 


LEWIS E. MILLER 


Geophysics Research Directorate, 
Air Force Cambridge Research Center, 


Air Research and Developmert Command, 
L. G. Hanscom Field, Bedford, Massachusetts 


observations with like instruments and following like 
instructions. Weyprecht who did not live to see his 
dreams materialize communicated his proposition to his 
noble friend, Count Hans Wilczek, and wrote to Aus- 
tralia, Brazil, Germany, Denmark, France, Holland, 
Russia, Sweden, and the United States. He succeeded 
in obtaining active cooperation from interested scholars 
and government support in all the countries. 

In 1877-78 the Russian-Turkish War temporarily 
delayed the preparations. After three International 
Polar Conferences (the first, October 1-5, 1879, in 
Hamburg; the second, August 7, 1880, in Bern; and 
the third at St. Petersburg, August 1, 1881) the First 
International Polar Year became a reality. Nine 
countries set up 12 arctic and 2 antarctic stations, 
while 14 countries took part in 34 permanent stations. 
The United States occupied sites at Point Barrow, 
Alaska and Fort Conger, Lady Franklin Bay. Inter- 
esting accounts of these explorations and investigations 
are given in Science (2) and Nature (3). The observa- 
tions of phenomena relating to meteorology and ter- 
restrial magnetism were given top priority. In addition 
there were investigations on the aurorae and astronomi- 
cal phenomena. It may be stated that enough data 
were secured during this first cooperative enterprise to 
provide a better understanding of the earth’s magnetic 
field and of the distribution of the aurorae. 

Fifty years later the jubilee of the First Polar Year was 
organized. The stations for the Second International 
Polar Year 1932-33 corresponded with those of the 
First Polar Year as nearly as possible. During these 
intervening years (1882-1932) notable scientific and 
geographical discoveries had been made. Both the 
north and south geographic poles had been reached, 
and the north and south magnetic poles were located. 
The ionosphere, a region in the upper atmosphere, was 
discovered. Weather balloons had been more highly 
developed. For example in 1932 Science Service re- 
ported that a stratosphere balloon ascent would aim 
for a 12-mile height, an altitude hitherto unknown. 
Although no outstanding achievements were reported for 
the Second Polar Year, there was greater coordination 
of geophysical knowledge and a better understanding of 
mutual international organization for obtaining gee 
physical data. The information obtained during the 
Second Polar Year from ionospheric studies contrib- 
uted greatly to advancement in the field of radio com- 
munication. 
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THE ORGANIZATION OF THE IGY 1957-58 


The International Council of Scientific Unions is the 
official sponsor of the International Geophysical Year 
1957-58. The council appointed a special committee, 
CSAGI (Comité Spécial de l’Année Géophysique In- 
ternationale (Special Committee for the International 
Geophysical Year)). The chairman of this interna- 
tional committee is Professor Sydney Chapman, new 
consultant at the Geophysical Institute, College, 
Alaska, and formerly before his retirement professor of 
physics at Queen’s College, Oxford, England. The pur- 
pose of this committee is to provide the central organi- 
zation and to coordinate the activities of the participat- 


The outline of the U. S. Organization for IGY is 


shown in Table 1. Other participating nations that 
have national academies of science have similar organi- 
zations. 


TABLE 1 
The Organization of the IGY 1957-58 


(International Council of Scientific Unions) 


CSAGI 
(Comité Spécial de’lAnnée Géophysique Internationale) 
NATIONAL ACADEMY ScIENCES-NATIONAL RESEARCH CoUNCIL 


| 
USNC-IGY 


At the present time some 50 countries have indicated (U. 8. National Committee al ny International Geophysical 
like their willingness to participate in the IGY activities. 
» his Never before in the history of science have so many ae PANELS 
o his nations and scientists united in search for truth. All 
Aus- of the cooperating nations were invited to form their Reeronat Commirrees 
and, own national committees to organize their participa- (Arctic, Antarctic, Continental, Equatorial) 
eded tion. In the United States the National Academy of 
olars Sciences-National Research Council is the parent or- In order to obtain the necessary fiscal support, the 
ganization. The Academy organized the U. S. Na- U. 8. National Committee made its request for funds 
arily tional Committee for the International Geophysical to Congress through the National Science Foundation. 
ional Year (USNC-IGY) of which Dr. Joseph Kaplan, Uni- The IGY program in the United States will cost, in- 
), in versity of California, Los Angeles, isthe chairman. The cluding the Satellite project, the logistic support of the 
and purpose of this committee is to direct and execute the military departments, and university contributions, a 
First U.S. IGY program. The U.S. National IGY Commit- sum variously estimated at from 200 million to 600 
Nine tee enlisted the aid of various scientists from universi- million dollars. It should be emphasized that through 
ions, ties and research institutions. Formal Technical Pan- the National Science Foundation Congress has appro- 
ions. els have been formed in each of the geophysical fields, priated directly only about 40 million dollars for the 
rrow, and together with subcommittees have been assisting IGY program. The Department of Defense (the Air 
nter- in the technical direction of the U. 8. program. Force, Army, and Navy) has agreed to cooperate and 
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Figure 1. The Chemistry and Geomorphology of the Upper Atmosphere 
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Figure 2. The ARDC Model Atmosphere (;) 


The so-called ‘“‘molecular weight” of air at hich 
+ altitudes can be puted for cbtaining the real 
kinetic temperature as a function of altitude. 

The notation “number density—cm~,” in: i- 
cated as n( ), denotes the number of molecules »>r 
- atoms of the particular atmospheric constituent 
present in a cubic centimeter at the temperati.re 
“7 and pressure existing at any corresponding a!ti- 
tude. 
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assist in every way possible in keeping with its normal 
activities. Again it should be pointed out that United 
States government laboratories have for many years 
been conducting geophysical programs in cooperation 
with several foreign countries and research institutions 
of the United States. These normal cooperative pro- 
grams are expected to continue and will utilize the data 
provided by existing geophysical stations and net- 
works. The IGY has provided the rare opportunity 
to establish new observation stations, to re-evaluate 
critically our current geophysical knowledge, and to 
exploit the potentialities of new scientific tools. 


THE PURPOSE AND SCOPE 


Extensive scientific investigations are planned for the 
International Geophysical Year 1957-58 (which began 
July 1, 1957, and continues through December 31, 
1958) for the purpose of formulating and testing theories 
on many geophysical problems. It is difficult to find 
any law and order to geophysical phenomena; _ the 
weather is as unpredictable as the occurrence of the 
aurora borealis, the magnetic field of the earth and its 
variations. The mere enumeration of the fields of 
geophysical disciplines to be investigated is evidence of 
the gigantic and comprehensive nature of the program. 
A partial list of the problems to be investigated is: 
The airglow and zodiacal light, the aurorae, cosmic rays, 
geomagnetism, glaciology, gravity, ionospheric physics, 
latitude and longitude, meterology, oceanography, 
rocket exploration of the upper atmosphere, seismology, 
and solar activity. 

“World Days” on the average of five per month which 
will include some special world-wide “Alert Days” will 
be observed. From a network of observation stations 
seattered from the arctic to the antarctic regions 
scientists will make simultaneous observations. 
*‘Alerts” will be observed for such geophysical phenom- 
ena as magnetic and ionospheric storms, and auro- 
rae which depend upon solar flares. These events can- 
not be predicted with certainty more than a few days 
prior to their occurrence. The National Bureau of 
Standards radio forecasting station at Fort Belvoir, 
Virginia, has been designated the IGY World Warning 
Agency for issuing “Alerts.” 


India will have a network of eight cooperating sta- 
tions. Kodiakanal will receive notices of “Alerts” and 
will transmit them by broadcast to New Delhi. Ko- 
diakanal will also issue its own “Alerts.” India has an 
excellent ionospheric laboratory (Institute of Radio- 
physics and Electronics) at the University of Calcutta. 
The following eight Indian stations will make observa- 
tions: Delhi, Bombay, Madras, Tiruchirapally and 
Trivandram, Haringhatta, Ahmedabad, and Kodiaka- 
nal. It is expected that round-the-clock observations 
will be undertaken. 

‘The whole of the research facilities and personnel of 
the physics department, University College, Ibadan, 
Nigeria will cooperate. The college has set aside sev- 
eral thousand pounds for the IGY. The Nigerian 
College of Arts, Sciences and Technology, which has 
branches at Zaria (Northern Nigeria) and Enugu 
(Eastern Province) as well as Ibadan, will participate. 
These few illustrations indicate the international co- 
operation which is most heartening in a time of world- 
wide dissensions. 


THE MORPHOLOGY OF THE UPPER ATMOSPHERE 


A review of the main features of the morphology of 
the earth’s atmosphere is shown in Figure 1. Note that 
there are several changes in the present day conception 
of upper atmospheric properties since the publication 
of a similar chart in 1954 (4). The regions of the atmos- 
phere are better defined, e.g., the ionosphere (a special 
region) is now considered to be a continuous region of 
distribution of electrons instead of occurring in layers 
as formerly believed. More information has been ob- 
tained upon atmospheric composition, pressure, ‘cn- 
sity, and temperature. There is evidence that the 
gravitational separation of atmospheric components as 
found by Paneth and reported in the above refere ice 
to begin at about 70 kilometers is doubtful, except i an 
atmosphere in the absence of winds and other m: ve- 
ments in the upper atmosphere. Complete mixin: 1s 
now assumed up to 180 kilometers, or probably hi er 
altitudes, from rocket experiments. 

From the use of known atmospheric densities, ‘nd 
molecular oxygen concentrations from rocket ex) 
ments which are fairly reliable up to about 130 to 140 
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Fisure 3. The Speculative ARDC Model 
Atmosphere to High Altitudes (5) 


‘This indicates that even at extreme altitudes 
the earth’s atmosphere is essentially an oxygen- 
nitrogen atmosphere, the oxygen and nitrogen 
being in their atomic states. 
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kilometers, it is possible through certain reasonable as- 
sumptions to determine the vertical distribution of the 
atmospheric constituents (5). These distributions are 
shown in Figures 2 and 3.! 


THE AIRGLOW AND AURORA 


The mysterious upper atmospheric phenomenon 
known as the airglow is global. On a clear moonless 
night if all the stars were removed the night light would 
be diminished only about one seventh which hardly 
would be noticed. The airglow is enhanced at twilight. 
There is a diurnal and seasonal intensity variation. 
There are also irregular variations, or ‘“patchiness,”’ 
over the sky which vary during the night. The gener- 
ally accepted theory is that it results from photochemi- 
cal reactions occurring in the upper atmosphere caused 
by absorption of solar energy during the day and slowly 
emitted during the night. The strong components of 
the air glow are the green and red oxygen lines (5577A 
and 6300 A) ; the sodium doublet D line (5893 A); 
the OH bands of the hydroxyl molecule in the infrared; 
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and possibly nitrogen bands (Table 2). The height, 
vertical distribution, distribution of intensity are among 
the synoptic studies to be undertaken. 


TABLE 2 
Components of the Airglow* 


Constit- 
uent 


[OI] 
Na 
Oz 
Oz 


Energy 
Transition 


1S 1D 

2P + 28 
bz; X*z,; 


Systen 


Green line, 5577 A 

Red lines, 6300, 6364 

D lines, 5893 A 

Herzberg bands 

Kaplan-Meinel atmos- 
pheric (0,1) band at 
d 8645 A 

Meinel bands 


A 


OH Vibration- 


rotation 


>3.25, 
<3.43 


spectrum 
The Ne band systems and the Schumann-Runge bands of O: are 
less certain. 


*After Seaton, M. J., Ann. géophys., 11, 232 (1955). 


‘The notation, LOG NUMBER DENSITY-CM-, is em- 
ployed to denote the logarithm of the number of molecules or 
atoms of the particular atmospheric constituent present in a cubic 
centimeter at the temperature and pressure existing at any cor- 
responding altitude. The use of the term, number density, in 
upper atmospheric research may be understood through the fol- 
lowing relationships. The mass density, p, is defined by 


(1) 


in which n is the total number density, i.e., the number of par- 
ticles present in one cubic centimeter; and m is the mean mass 
of an average air particle. 

The general gas equation is 


p=nm 


p = nkT (2) 


wher k and T denote, respectively, the Boltzmann constant and 
degrees Kelvin. The fundamental equation relating the pres- 
sure, », and the density, p, at any altitude, z, is given by 


—dp = pgdz (3) 


where p is the density of the gas, g is the acceleration of gravity, 
and the minus sign is used since the pressure of the earth’s at- 
Mosphere decreases with increasing altitude, z. Equation (3) is 
the familiar hydrostatic or barometric formula. For an ideal gas 
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pM 


in which M is the molecular weight, 2 the universal gas constant. 
Substituting (4) into (3) 


(4) 


(5) 


(6) 


Mathematically H is the reciprocal of the negative slope of the 
loge pressure vs. altitude curve. It is commonly called in geo- 
physics the Scale Height, and has the dimensions of length. Dif- 
ferentiation and solution of the general gas equation (2) yields 
the following 

dz 


T H 


Equation (7) is an expression for deriving the number density of 
atmospheric particles at any altitude provided both the tempera- 
ture and the so-called “molecular weight’ of air are known. It 
is an equation very similar to (5) for deriving the pressure at 
high altitudes. 


(7) 
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It has been known for a long time that there are 
certain correlations between magnetic storms and 
auroral displays. The IGY 1957-58 was planned to 
coincide with a period of maximum solar activity 
of the eleven-year sunspot cycle. Many geophysical 
phenomena which are ephemeral in character are con- 
trolled either directly or indirectly by the sun. While 
there are various theories to account for the aurorae, it 
is generally supposed that they are caused by streams 
of solar particles, probably protons, emanating from 
the sun. 

The light of an aurora is produced differently from 
that of the airglow. An aurora is caused by charged 
solar particles entering the earth’s atmosphere from 
outer space. Electromagnetic deflection by the earth’s 
magnetic field causes the stream of particles to precipi- 
tate in the direction of the lines of the geomagnetic field. 
The auroral light is emitted mainly by the bombarded 
atmospheric gases, and sometimes by protons which 
have captured electrons in the incident stream. 

“Alerts” will be kept for the simultaneous appear- 
ance of the aurora borealis in the northern hemisphere 
and the aurora australis in the southern hemisphere at 
opposite ends of the geomagnetic fields at stations of 
nearly equal northern and southern geomagnetic lati- 
tudes. Stations in suitable locations in both the 
arctic and antarctic regions will be equipped with auto- 
matic cameras to photograph the whole sky every few 
minutes during the night. Also automatic scanning 
spectrographs will be employed to obtain a succession 
of spectra of the auroral light. A special study of the 
Doppler effect in the light of the hydrogen atoms will be 
included. These observations are planned to make it 
possible to construct synoptic maps of the aurorae. 


OCEANOGRAPHY 


Oceanographers have determined that there are sea- 
sonal variations in sea level. There is a gradual rise of 
about 8 inches in sea level over all the northern oceans 
beginning in the spring or summer and reaching a max- 
imum in the fall or winter. The cycle is repeated in the 
southern hemisphere during the southern spring and 
summer. As yet there are not sufficient data to say 
that this phenomenon involves the flow of water masses 
across the equator as a fulcrum. 
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Figure 4. The Increase of Carbon Dioxide During the Twentieth 
Century 
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The carbon dioxide content of the atmosphere is usu- 
aliy taken to be 0.030%, or 300 p.p.m. by volume of dry 
air. A closer examination of analytical results re- 
veals that there are variations in the amount of atmos- 
pheric COs, partly irregular and partly systematic. 
Figure 4 shows the CO, values from the year 1800 to 
1955 as assembled by Fonselius and others (6) of the 
International Meteorological Institute in Stockholn.. 
The encircled values from 1865 to 1935 are values tabu- 
lated by Callendar (7) who attributed the increase of 
atmospheric CO, during the period 1900 to 1935 to in- 
dustrial combustion of fossil carbon from coal, gas and 
petroleum. The clump of encircled values on the ex- 
treme right in the Figure are those obtained by a net- 
work of Scandinavian stations. The solid line and the 
dotted portion indicate the 10 per cent increase in 
atmospheric CO, during the 20th century assumed hy 
Callendar. Later research (8) has indicated that the 
absorption of CO: by the oceans might be larger than 
previously supposed. Other causes are also advanced 
for the belief that the increase in atmospheric CO, dur- 
ing the present century is less than that given by 
Callendar. 

The geochemical plans for oceanographic studies in- 
clude taking extensive water and air samples. The 
purpose is to obtain a world average of carbon dioxide 
content in the atmosphere, and to determine by what 
processes carbon dioxide is distributed by atmospheric 
and ocean currents. The effect of carbon dioxide on 
the energy balance of the atmosphere may thus be clari- 
fied. ‘Operation Deep Current” will include a proj- 
ect for the analysis of carbon-fourteen and tritium in 
samples taken from deep waters. This will afford 
means for dating deep ocean currents. In addition 
salinity depth profiles are expected to give other data 
upon the circulation of deep water masses. Other 
answers may be found relating the influence of ocean- 
water distribution which changes in the earth’s rota- 
tion and consequently the annual change in the length 
of the day, and changes in latitude. 


GLACIOLOGY 


One of the major tasks during the IGY program 
will be the glaciology program which will include ob- 
servations on the extent, behavior, and character of 
glaciers both in the arctic and antarctic regions. The 
average layman is apt to forget the dependence of the 
present pattern of our civilization upon the latent heat 
of ice. Since the world climate is influenced critically 
to a large extent by the ice and snow cover on the sur- 
face of the earth, these coordinated investigations 
should contribute to long-range climatological predic- 
tions. The behavior of glaciers, their advance or re- 
treat, is correlated with variations in solar radiations 
which cause differences in meteorological conditions, 
such as cloudiness, precipitation, and the circulation of 
the atmosphere and surface waters of the oceans. 

Albert P. Crary of the Geophysics Research Direc- 
torate, Air Force Cambridge Research Center, has 
organized and will lead the U. S. antarctic glaciology- 
seismology-gravity studies. Crary has been conducting 
geophysical investigations continuously for the past 
five years in the North Pole area on T-3 (the floating 
ice-island) and the Ellesmere ice-shelf. During these 
expeditions he collected numerous water samples 00 
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T-3 and particulate matter found in the ice-layers to 
measure the carbon-fourteen content of the soluble 
carbonates for the purpose of determining the age and 
history of the ice-island. 

The arctic ice-cap has been estimated to cover about 
900,000 square miles while the antarctic is about six 
times larger. The volume of water entrapped by the 
world’s glaciers has been estimated to range from 6.3 
io 8.7 million cubic miles. Studies of the density pro- 
fle, petrology, particulates, and geochemistry are 
planned. The latter is expected to yield information 
on oxygen-isotope ratios, gas and chloride content, and 
natural and artificial radioactive constituents. 


ATMOSPHERIC OZONE STUDIES 


Strangely enough ozone, one of the rarest of the at- 
mospheric gases, is of greatest importance in controlling 
the ultraviolet radiation from the sun. The ozone re- 
gion intercepts solar radiation below the wave length 
2856 A. The main reasons for the poor knowledge of 
the vertical distribution of ozone are due to several fac- 
tors: (a) the photochemical formation, (6) destruction 
by light, (c) the destruction by oxidizable substances, 
(d) the mixing by turbulence of the air, and (e) the 
vertical and horizontal currents of the atmosphere. 
There are seasonal and latitudinal variations in the 
amount of ozone as well as the height of maximum con- 
centration. 

Several countries will be engaged in making ozone 
determinations. The measurements will be made with 
Dobson spectrophotometers. This instrument has 
become a standard method to determine the amount of 
atmospheric ozone. The United States program calls 
for stations in Little America; College, Alaska; an 
Arctic Ice Floe station; and four stations within the 
continental United States (Arizona, New Mexico, New 
Jersey, and Washington, D. C.). 

The ozone content of the lower atmosphere, espe- 
cially in the tropics, appears to be associated with the 
formation of the large low-pressure areas in which ty- 
phoons develop. The Mauna Loa Observatory located 
on the slope of the Hawaiian volcano will conduct con- 
tinuous measurements of atmospheric ozone with the 
hope that typhoons may be forecasted in advance. 


CHEMISTRY IN THE ANTARCTIC 


The antarctic is the only part of the world where the 
atmosphere appears to have less oxygen than the normal 
content (9). Everywhere else oxygen constitutes 
20.95% of the dry air. The only analyses of oxygen in 
antarctic air gave an average of 20.50% in summer and 
20.64% in winter. So far as is known, the only deter- 
mination of antarctic air was obtained during 1940-41 
(Byrd expedition). The experiments need to be re- 
checked since no check determination on “standard” 
middle latitude air was made with the apparatus used. 
If, indeed, an oxygen deficiency is discovered in antarc- 
tic air, answers may be found to the origin of atmos- 
pheric oxygen, and the oxygen cycle. 

Ozone measurements are of considerable interest to 
meteorologists. It is hoped that the data so obtained 
can be correlated with the infrared radiation balance of 
the earth, the formation of large low-pressure areas, 
and the circulation of currents in the atmosphere and 
surface waters of the oceans. Determination of carbon 
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dioxide, water vapor, the isotope-ratios of oxygen, hy- 
drogen, and other gases, and radioactive constituents 
of the antarctic ice deposits are other chemical projects. 


THE ROCKET EXPLORATION OF THE UPPER 
ATMOSPHERE 


The past decade in the history of the exploration of 
the upper atmosphere with rockets has demonstrated 
their utility for the investigation of the basic structure 
of the atmosphere at high altitudes. It is now possible 
to bring cameras and spectrographs above the ozone 
region by means of rockets. This makes possible the 
study of solar radiations before they are absorbed by 
the atmospheric constituents. In addition to the 
United States, Great Britain, France, and Russia have 
developed an IGY rocket program. Such parameters 
as the pressure, temperature, density, and atmospheric 
composition will be studied at higher altitudes than 
previously attained. 

In the United States program some 100 to 200 rocket 
firings have been planned for the IGY 1957-58. These 
will be launched at Ft. Churchill, Canada; White 
Sands and Holloman Air Force Base, New Mexico; 
shipboard launching in the arctic and antarctic regions 
and at the equator. Rockets launched from balloons 
(Rockoon) and from airplanes (Rockaire) are planned. 
The measurement of the free electron density in the 
atmosphere will aid in understanding the chemistry in 
the upper atmosphere. There is much uncertainty 
about both the atmospheric and electronic density at 
high altitudes. These data are needed in order to cal- 
culate the chemical reactions which occur in these re- 
gions. Other studies are cosmic rays, auroral radia- 
tions, the magnetic field, auroral particles, winds, air- 
glow, ion composition, and the presence of interplane- 
tary matter in the upper atmosphere. 

Rockets have certain serious disadvantages. (a) 
The total flight time is extremely brief and the time 
spent at any particular altitude is even less. (b) Their 
flight paths are limited in terms of geographic coverage. 
(c) Great precautions must be taken to make the rocket 
pressure-tight for sampling the atmosphere. The 
need for a vehicle to obviate these difficulties has long 
been evident. The earth satellite will be valuable to 
provide synoptic data over large areas of the earth, at 
altitudes not attainable by single-stage rockets, and 
over a long time range. 


THE SATELLITE PROJECT 


The satellite, according to present plans, is to be 
launched from the Patrick Air Force Base at Cape 
Canaveral on the east coast of Florida. It is to be 
hurled into space by a three-stage rocket and will en- 
circle the earth once about every 90 minutes (Figure 5). 
The orbit will probably be elliptical with a perigee of 
over 200 miles and apogee of 800 to 1500 miles. The 
plane of the ellipse will be inclined approximately 40 de- 
grees from the equator, and will probably pass over 
points as far as 40 degrees north latitude and 40 degrees 
south latitude. Some 8 to 12 tracking stations are to 
be provided in a north-south fence (roughly along the 
75th meridian) ranging from Blossom Point, Maryland 
(38° N) to Chile (32° S). The Astrophysical Observa- 
tory of the Smithsonian Institution under the direction 
of Dr. F. L. Whipple of Harvard has been assigned the 
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Figure §. The Proposed Trajectory for Launching the Satellite 


responsibility for the optical tracking program, while 
the Naval Research Laboratory will have the task for 
the precision radio tracking system. 

At the present time some 30 to 40 experiments have 
been proposed by various scientists for the satellite 
program. These include such experiments as solar 
ultraviolet and X-radiation, cosmic rays, meteoritic 
particles, temperature, pressure, and atmospheric den- 
sity. The scientific importance, the technical feasi- 
bility, and the development in the design of the vehicle 
will determine the nature of the experiments to be 
launched. Only a few of the proposed experiments 
have been found acceptable due to the space and weight 
of the instrumentation. Space for instruments within 
the satellite will be extremely small. The satellite will 
be spherical in shape, with a diameter of about 20 
inches, and a weight of about 21.5 pounds. No re- 
covery of instruments and records is planned. All the 
data will be telemetered to ground stations. 


CONCLUSIONS 


The response of scientists in all the major participat- 
ing nations and the financial support by the various 
governments have been most gratifying. It is ex- 
pected that a better knowledge of fundamental and basic 
geophysical laws will result from these collective world- 
wide investigations. In the field of chemistry there 


are many gaps in our knowledge of the vertical distri- 
bution of the atmospheric constituents. 

It is generally agreed that above about 90 kilometers 
molecular oxygen dissociates into atomic oxygen. Di- 
rect experiments from rocket flights have yielded dats 
upon the per cent of oxygen dissociation only for alti- 
tudes up to about 140 or 160 kilometers. As yet no 
quantitative data have been obtained upon the distribu- 
tion and amount of molecular and atomic nitrogen i) 
the upper atmosphere. Nitric oxide (NO) assumed t:. 
play an important role in ionization processes in the /' 
region of the ionosphere has never been identified in th: 
upper atmosphere. Ionization mechanisms, ion an 
electron densities in other regions of the ionospher: 
are not known with certainty. The altitude at whic) 
diffusive separation of the atmospheric gases become. 
dominant is likewise unknown. 

The benefits and answers which are anticipated fro: 
these adventures should excite the imagination. Past 
experience has taught us that basic research in pure 
science is often of economic consequence, capital that 
has yielded astonishing dividends. It is perhaps not 
too much to believe that this mutual cooperation of 50 
some nations may lead to an understanding among na- 
tions and may be adopted in other branches of learning. 
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INCREASE IN SUBSCRIPTION RATES, EFFECTIVE DECEMBER 15, 1957 


Tue Boarp oF PuBuication of the JouRNAL oF CHEMICAL EpucaTIoN at its meeting in Miami on 


April 7, 1957, reluctantly authorized a change in the subscription price. New subscriptions or re- 
newals received after December 15, 1957, will be at the following rates: 


One year, $4.00 
Two years, $7.00 
Three years, $10.00 


(Canadian subscriptions, $0.50 
per year additional; 
$1.00 year year additional.) 


foreign, 


The $0.50 increase in the annual subscription price represents about a 14% advance over the 
$3.50 rate established in 1952. In the period since that time, publication costs have risen 32%. 
The total annual revenue of the JourNAL, including advertising income, has increased only 14% 
over the 1952 figure. The fact that these two figures are about the same in absolute magnitude 
(about $14,000.00) means that even as the JourNat’s list of subscribers grows above 10,000, 
readers still are paying only a fraction of the actual cost of putting the JouRNAL into their hands. 

In face of the prospect of still greater increase in production costs, the Board felt that its only 
recourse to avoid curtailment of the JourNaL’ s operation was to ask subscribers to begin to pay a 


portion of the increase. 
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* experience in industrial inorganic chemis- 


Eowrn M. Larsen is the elected Member- 
at-Large of the executive committee of the 
Division of Chemical Education. Wis- 
ccnsin is and has been his home for most of 
h:s life. Armed with his degree in chemistry 
from the University of Wisconsin and 


trv, he earned an Ohio State Ph.D. just 
prior to the war. The Monsanto-adminis- 
tered portion of the Manhattan Project 
kept him busy with polonium in Dayton 
for most of the war years. Since 1946 he 
has been “home’’ at Madison where he 
now holds the rank of Associate Professor of Chemistry. His 
teaching has been in the general chemistry program, undergrad- 
uate inorganic, and in his specialty at the graduate level: the 
transition elements. Many Larsen-authored papers on the 
chemistry of zirconium and hafnium have appeared. Chemical 
Abstracts has had his services since 1944. His concern for 
chemical education has led him into an active role helping 
Wisconsin high-school chemistry teachers. He has participated 
in summer institutes for teachers and served as a “Visiting 
Scientist’ for the Division. 


Ir was been said that a renaissance? of inorganic 
chemistry occurred with the advent of the atomic age. 
If one considers the developments’ in fluorine chem- 
istry, the transuranium elements, the rare earths, boron 
chemistry, silicones and transition-metal-carbon bond 
compounds, among others, one must agree with this 
statement. In spite of this, however, certain questions 
have arisen in the field which require decisive action. 
These concern the quality and quantity of inorganic 
research and the formation of a Division of Inorganic 
Chemistry. 


QUALITY AND QUANTITY OF RESEARCH 


The data‘ presented by Professor Noyes, Editor of 
the Journal of the American Chemical Society, regarding 
articles submitted and published in the Journal places 
the investigators who identify themselves with inorganic 
chemistry in an unenviable position. Although the 
number of papers submitted has not changed signifi- 
cantly over the years 1952-55, the number of papers 
published has decreased. The rejection rate for papers 
classified as inorganic has risen, and in fact exceeds that 
of all other fields. To quote Professor Noyes, “The 
main field out of line with the others is inorganic chem- 
istry, and the editors think a study should be made of 
the reason for this. Certainly some very poor inor- 
ganic manuscripts are received.” 

Tn response to an inquiry to Professor Noyes® con- 


Presented before the Division of Chemical Education at the 
130t!: Meeting of the American Chemical Society, Atlantic City, 
Sept-mber, 1956. 

R. S., J. Cuem. Epuc., 34, 166 (1957). 

* \uprieta, L. F., Ind. Eng. Chem., 43, 269 (1951). 
‘Noyes, W. A., Chem. Eng. News, 34, 1237 (1956). 

* Noyes, W. A., private communication, March 20, 1956. 
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THE CRISIS IN INORGANIC CHEMISTRY’ 


EDWIN M. LARSEN 
University of Wisconsin, Madison, Wisconsin 


cerning these data, he commented that although he had 
not made a systematic study of the rejections to date, 
it was his impression that ‘‘an inadequate knowledge of 
elementary physical chemistry, lack of knowledge of 
how to use the phase rule, and failure to obtain good 
analyses to determine empirical formulae,” were re- 
sponsible for many rejections. 

Of course, there may be more than meets the eye in 
these data. Are the papers submitted to the Journal a 
good sample of inorganic papers as a whole? How 
many are submitted to other journals? More impor- 
tant, what is an inorganic paper? This, of course, leads 
to the question of just what constitutes inorganic 
chemistry. 


THE DIVISION OF INORGANIC CHEMISTRY 


From 1908 to 1940 one Division served for those 
interested in inorganic, analytical, and physical chem- 
istry. In 1940 the Analytical Division was formed. 
The formation of an Inorganic Division has been con- 
sidered upon occasions, but it was not until the Dallas 
meeting of the American Chemical Society in the spring 
of 1956 that concrete steps were taken in this direction. 
A group of interested individuals met and organized 
committees to make a formal proposal and circulate a 
petition for presentation to the council of the Society in 
September, 1956. 

In view of the response to the petition, the council 


. approved the formation of the Division of Inorganic 


Chemistry with the usual probationary status. The 
officers,* appointed by the President of the A.CS., 
called an organization meeting at which time plans were 
laid for the formal operation of the Division, and sug- 
gestions were made concerning the program for the 
Miami meeting in April, 1957. 

The promotion of the new Division raised the question 
in the minds of many of what constituted the field of 
inorganic chemistry and especially whether inorganic 
chemistry really could be considered separate and 
distinct from physical chemistry. Even among the 
four hundred and fifty individuals who signed the peti- 
tion there undoubtedly was some question as to the 
scope of inorganic chemistry. 


DEFINITION OF INORGANIC CHEMISTRY 


There are some who feel it is unnecessary and/or 
undesirable to distinguish between the different fields of 
chemistry. It is easy to agree with this in principle, 
but in practice some system of classification of subject 
matter is necessary. For the purposes of indexing, 
abstracting, as well as administering examinations and 


* J. C. Bailar, Jr., Chairman, J. F. Gall, Chairman-elect, L. B. 
Asprey, Secretary-Treasurer. 
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courses at the graduate and undergraduate levels, a 
system of Divisions is needed. No sharp lines of 
demarcation can be established, for like all sciences, one 
field merges into the adjoining fields. 

If one examines the research interest of those who 
classify’ themselves as inorganic chemists, one finds 
that their published papers run from precision measure- 
ments of physical properties to straightforward prepara- 
tions. Indeed, of the 201 individuals who associate 
themselves with inorganic chemistry, 59 have no pub- 
lished research for the past five years, and many have 
never published. Perhaps many of these individuals so 
list themselves because they teach freshman chemistry 
and not because of their specialization in inorganic 
chemistry. Certainly one does not need to be an inor- 
ganic chemist to teach freshman chemistry, nor is one 
an inorganic chemist because he does so. 

One might obtain a clue to the meaning of inorganic 
chemistry from the classification of papers in Chemical 
Abstracts and the Journal of the American Chemical 
Society. Titles of papers selected from each source are 
given in Tables 1 and 2. 

It is apparent that the term inorganic chemistry has 
been applied inconsistently, and therefore the meaning 
of the rejection rate reported by Noyes is open to some 
question. 


7“American Chemical Society Directory of Graduate Re- 
search, 1955,’’ McGregor and Werner, Inc., Washington, D. C. 


TABLE 1 
Classification of Some Typical Papers in Chemical 
Abstracts 
Title Section 


Structural aspects of the hydrolysis of 


Ti(OEt).. Inorganic 
Hydrolysis of butyl orthophosphate. Organic 
Cyclopentadienylnitric oxide com- 

pounds. Inorganic 
Cyclopentadienylcobaltdicarbonyl. Organic 
The separation of protactinium and 

zirconium by an _ anion-exchange 

column. Analytical 
Extraction of metal complexes XXIV. 

Extraction of La, Th, and U(VI) with 

phenyl carboxylic acids. Inorganic 
Ionization equilibria of metal coordina- 

tion complexes in benzene solution- 

(II). The structure of some cuprous 

complexes. Inorganic 


Ionization and chelation of 2-, 6-, and 8- 


quinoline carboxylic acids. General and Physical 


TABLE 2 


Classification of Some Typical Papers in the Journal of the 
American Chemical Society 


Title Section 
The structures and properties of the rhodo and ery- 


thro complex compounds of chromium. Physical 
The structure and characteristics of the fluorescent 

metal chelates of 0,o’-dihydroxyazo compoun Inorganic 
The preparation of UCI;F. Physical 
The preparation and properties of sodium tetra- 

alkoxyborohydrides. Inorganic 
The synthesis of hydrazine. Physical 
The rate of ferrous-ferric exchange in D,O. Inorganic 
The kinetics of the Ce(IV)-Ce(III) exchange reac- 

tion in perchloric acid. Physical 
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INORGANIC CHEMISTRY AS AN ENTITY 


In spite of the apparent lack of agreement on the 
meaning of the term inorganic chemistry, a usefu! 
definition can be prepared. An appropriate definition 
might be: Inorganic chemistry is that field of chemistry 
which deals with the chemical and physical properties of 
the elements and their compounds, excluding the hydro- 
carbons and their derivatives. This is more genera) 
than the definition by Nyholm.? Can a field be broad 
and yet have distinguishing features which identify it 
asaunit? Let us consider the relationship of inorganic 
to the other branches. 

Physical Chemistry. To many, inorganic and physical 
chemistry are inseparable. This need not be so, for 
physical chemistry deals with the principles which 


govern the behavior of all matter, and the physical con- 


stants of matter, be it organic or inorganic. Investiga- 
tors in all. fields should have a basic understanding of 
these principles, for one cannot conduct a successful re- 
search program by defying nature. 

The problem here seems to revolve about the dif- 
ference in the research in and application of physical 
chemical principles. Research in the fields of thermo- 
dynamics, spectroscopy, photochemistry, kinetics, quan- 
tum and statistical mechanics, colloidal chemistry, and 
nuclear chemistry and the like is physical chemistry. 
However, the application of physical chemical prin- 
ciples and data to help systematize the chemistry of the 
elements does not make the field physical chemistry. 
The availability of concrete data puts the chemistry of 
the elements on a more quantitative basis. It is more 
satisfying and convincing to support generalizations 
with quantitative data, rather than qualitative observa- 
tions. For instance, oxidation potentials can be used to 
predict the stability of an ion or molecule with respect 
to oxidation by another specie. Or free energies of 
formation can be used to illustrate trends in the stabili- 
ties of a class of compounds as a function of the position 
of the element in the periodic table. 

However, there are large areas in inorganic chemistry 
for which quantitative data are not available, and 
generalizations based on qualitative observations must 
be used. There are many reactions which occur under 
conditions not suitable for quantitative interpretation 
by present physical chemical principles. These are 
nevertheless of significance and cannot be ignored. 

Some think that inorganic chemistry is confined to 
the preparation of a compound to be appropriately 
labeled and placed on a shelf. True, synthesis is part 
of the field of inorganic chemistry, but not the whole 
field, for the investigator in inorganic chemistry should 
characterize a compound in as many ways as possille. 
The determination of a molecular weight or a dissocia- 
tion constant does not make the investigation physical 
chemistry. These procedures have become standard 
tools just as much as has the analytical balance. 

The difference between the two fields is usually re- 
vealed in the intent of the author. His previous tiain- 
ing, or classification of his previous papers, are not the 
determining factors. Was the aim of the investigator 
to explore and classify the chemistry of a given element, 
or was this particular system selected for study beca'ise 
the reaction products were well defined, or because 
equilibrium was readily attained? In the latter case 
the element involved probably was of secondary impor- 
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tance, and the fact that an inorganic compound hap- 
pened to be involved is not significant. 

Organic. Strange as it may seem there is some con- 
flict between inorganic and organic chemistry as evi- 
denced by the classification of papers shown in Tables 1 
and 2. This also can be resolved by considering the 
intent of the author. Was he interested in the behavior 
of the metal atom, or the organic ligand? The mere 
fact that an organic molecule is used in the synthesis 
of a chelate molecule does not make the investigation an 
organic project. 

Analytical. Here also the problem can be resolved 
by considering the intent of the investigator. What 
may be considered an adequate separation process for 
the purification of one element from another may be far 
from satisfactory for the quantitative separation and 
estimation of that element. Of course, there are times 
when the two coincide. An analytical procedure may 
result from the observation of a chemical property, but 


the procedure itself requires further studies on repro- 
ducibility, sensitivity, accuracy, effect of diverse ions, 
and other considerations. 

On the basis of the above discussion it seems reason- 
able to conclude that inorganic chemistry is as much an 
entity as any of the other fields of chemistry. The 
individuals who work in the field of inorganic chemistry 
are faced with data which indicate that the quality of 
research is below average. They are also faced with the 
challenge of establishing and maintaining a new Division 
within the Society. Both problems involve the ques- 
tion of just what constitutes inorganic chemistry. It is 
concluded that the inconsistency in the application of 
the term inorganic chemistry makes the meaning of the 
data on the rejection of papers by the Journal uncertain. 
It is also concluded that inorganic chemistry is as much 
an entity as any of the other branches, and that there- 
fore the organization of the new Division is a reasonable 
step to take. 


FUNCTIONS’ 


A.rsoucu the periodic table is one of the fundamen- 
tal tools of both theoretical and descriptive inorganic 
chemistry, it is difficult to interpret the variations of 
chemical and physical properties of the elements in 
terms of the tables now in general use. The periodic 
law depends not only on the number of electrons of the 
neutral atom (atomic number) but also on electronic 
configuration as determined by quantum numbers, the 
Pauli exclusion principle, the stability sequence of 
atomic orbitals, and the principle of maximum multi- 
plicity. 

An adequate periodic table may be developed by 
taking into account the arrangements of the s, p, and 
d electrons, which to a first approximation are the prop- 
erty-determining electrons. A theoretically correct 


_'Eprror’s Nore: This paper is a condensation of one pub- 
lished (in English) by the authors in Acta Chimica Academiae 
Scientiarum Hungaricae (Budapest) IV /2-4, pp. 129-49 (1954). 
Scholars whose particular interest is the emphasis of periodicity 
in the properties of elements are urged to consult the original 
paper for a more complete discussion. 

The editorial assistance of Dr. Laurence 8. Foster and Dr. 
Arthur N. Wrigley in the preparation of the present manuscript 
is graiefully acknowledged. 

_*A somewhat similar position was assigned to the inert gases 
ina chart described by C. A. Kraus in “Contemporary Develop- 
-_ in Chemistry,’’ Columbia University Press, New York, 
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yet simple system may be obtained by rearranging the 
long periodic table in such a way that the inert gases 
are situated in the middle (/),? as shown in Figure 1. 
To the right of the inert gases come the elements in 
which an s-orbit becomes filled over a vacant d-orbit, 
followed by the elements in which the d-orbit becomes 
filled. At the left of the table are the elements that 
are filling an s-orbit, above a completed d-orbit, and 
those that are filling a p-orbit.- As the best compromise 
between theory and simplicity, the lanthanides and 
actinides, which are filling f-orbits, are placed below 
the rest of the table. 

In the present periodic table, the filling of the indi- 
vidual orbits occurs in separate locations, a very impor- 
tant feature, since the filling of different types of orbits 
results in considerably different physical and chemical 
properties for the elements concerned. 

In Mendeleev’s time, with electronic structure un- 
known, the table was composed of periods arranged in 
rows. At the present time, periodicity of properties 
must be ascribed to the periodicity of the electronic 
structure, and the filling of the shells is therefore pref- 
erable as a basis for the table to the completion of 
periods, no matter how customary the latter may be. 
Theoretical and pedagogical advantages result, more- 
over, from the central position of the inert gases. 
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Figure 1. 


DETAILED DESCRIPTION AND DISCUSSION OF THE 
TABLE 


Periods begin with hydrogen or an alkali metal at 
the middle of the table and terminate with an inert 
gas on the line below their inception. The principal 
quantum number of the outermost shell of an element 
is thus identical with the number of the period con- 
sidered. The use of two rows for a period emphasizes 
the succession in the building of shells and the fact 
that a main shell is not usually completed by an inert 
gas but continues to be filled in the same row on the 
right of the table. After the filling of the d-orbit of a 
given principal quantum number, the filling of the s 
and p-orbits of the following principal quantum number 
takes place. Thus, each row represents the filling up 
of a shell. 

There are no main groups and subgroups in the 
present system, but at the top of each column is shown 
the number of electrons in the subshell or subshells 
concerned, as indicated by magnetic and spin quantum 
numbers and the Pauli exclusion principle. 

The inert gases, which differ sharply from the other 
elements and which form a boundary in this table be- 
tween elements filling s- and p-orbits and those filling 
s- and d-orbits, are allotted the largest spaces. The 
elements filling their outermost s- and p-fields are 
shown in standard size rectangles. The elements in 
which the shell next inside the outermost is being filled, 
the transition elements, are placed in smaller rectangles 
since they differ less from one another. Lastly, the 
elements in which the third-from-outermost shell is 
building up, the lanthanides and actinides, are shown 
in the smallest spaces, as resembling one another the 
most. 

Hund’s rule of maximum multiplicity determines the 
number of unpaired electrons of an element. In this 
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Periodic Table Emphasizing Electronic Config 


form of the table, these can be shown separately for 
each column of elements. Both the number of unpaired 
electrons and the maximum valence characteristic of a 
column are shown in the two bottom rows of Figure 1. 

The expected electronic configuration of an element 
can easily be read from the table. Zr, for example, 
occurs in the same row as Rb, the fifth element in the 
alkalimetal column, and thus possesses two s-electrons 
in its fifth, or outermost shell. Being also the second 
of its row of transition elements, it should possess two 
d-electrons in its next-to-outermost, or fourth, shell. 
Thus the electronic configuration of Zr is that of Kr 
plus 5s?, 4d*. Similarly that of Po consists of the core 
of Au plus 6s?, 6p*. In some cases the actual configura- 
tion differs slightly from the expected (2). 

The gradual change in properties of the elements, 
borne out in the present table, makes possible their 
classification by dividing lines into seven groups: 
inert gases; nonmetallic elements; semimetallic ele- 
ments; meta-metals; alkali and alkaline earth metals; 
transition metals; rare-earth metals (lanthanides, 
actinides). The heavy step-shaped line in the left- 
hand part of the table, besides separating diff«rent 
groups, also recalls Grimm’s law of the hydrides. 
Above these steps covalent bonds are common; bc!ow, 
ionic bonds predominate. Elements immediately a'yove 
the steps have nearly equal atomic radii, Goldsch:nidt 
ionic potentials, and electronegativities. 

Between the heavy and the dashed stepped ines 
lie the semimetals, unusual in their polymorp! ism, 
semiconductor properties, glass formation, etc. l0- 
cidentally the dashed line claims astatine as a <emi- 
metal instead of a halogen (3), in harmony wit’ its 
coprecipitation as a sulfide (4) with tellurium (4), bu‘ not 
as a silver salt (6). Similar step-wise relations dis ‘er- 
ible throughout the periodic system may be illust: ated 
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by the diagonal groups: B-Si-As-Te-At, Na-Ca, 
Ca-Y, K-Sr, Rb-Ba, and Ti-Nb-W. 

For elements within the heavy lines, electropositive 
character increases from right to left and from top to 
bottom, except for interruption by the inert gases. 
For elements outside this group, electropositiveness 
increases from bottom to top and tends to increase 
w th the number of unpaired electrons. 

The exclusion of beryllium and magnesium from the 
alxaline earths and their assignment to the semimetal 
and zine groups, respectively, rest on electronic con- 
figuration and chemical properties: the two outer s- 
ele:trons of these elements lie above totally completed 
shells, as with zine but not calcium; they form Grig- 
na'd reagents but not saline hydrides. 

The central position of the inert gases accords with 
the tendency of other elements to attain an inert gas 
structure in ionically or covalently bound compounds or 
in the metallic state. Elements just to their left often 
gain enough electrons to form negative ions of inert gas 
configuration; those to their right may lose electrons to 
form analogous positive ions. Elements below the 
heavy stepped line tend to form ions with an outer shell 
of 18 or 18 + 2 electrons. 


ESTABLISHMENT OF PERIODIC FUNCTIONS 


A special merit of this periodic table is that it facili- 
tates the establishment of periodic functions that deter- 
mine the physical properties of the elements. It is 
the fine distribution of electrons which establishes these 
functions. Past attempts to establish such functions 
have suffered (7, 8, 9), not only from unsatisfactory 
data in the literature but also from using atomic num- 
ber as the independent variable, whereas the physical 
constants are actually functions of the fine distribution 
of the electrons. 

In Figures 2, 3, and 4 are graphed the melting points, 
boiling points, and heats of sublimation of S-P elements 
as functions of their outermost s- and p-electrons. One 
may generalize that for each family or column these 
physical constants are linearly related to the principal 
quantum number. The limited number of divergen- 
cies from this rule are due to variations in molecular 
structure, lattice, and bond types. The constants of 


Figure 2. Melting Points of the S-P Elements 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


Figure 3. Boiling Points of the S-P Elements 


Figure 4. Heats of Sublimation of the S-P Elements 


magnesium agree with extrapolated values of the zinc 
and not the calcium group. In the P-field, the straight 
lines connecting data of individual columns rise for the 
inert gas, halogen, oxygen, and nitrogen columns and 
thereafter display a downward tendency. For the S- 
field, the slope is invariably downward. Sharp discon- 
tinuities, however, occur both in periodic functions 
and in the “column-lines” between Be-Mg, Al-Ga, 
Ge-Sn, and Sb-Bi, element-pairs divided in our peri- 
odic table by the heavy stepped line. 

The properties shown in the graph exhibit at first 
one maximum followed by two maxima per period, 
explainable by the corresponding maxima in elemental 
bond strengths. The fourth-column maximum is due 
to the covalent lattices of these elements, while the 
other maximum results from the high bond energy (10) 
of the cubic, face-centered lattice of copper group ele- 
ments. 

For the elements of the D-field the only physical data 
that could be utilized were the melting points. Within 
a column these are linear functions of the total quan- 
tum number (Figure 5), whereas the slopes of the plots 
of the individual columns (slopes of the dashed lines 
of Figure 5) are a function of the number of unpaired 
electrons (Figure 6). The maximum of the latter, bell- 
shaped, curve at the manganese group, coincides with 
the maximum number of unpaired electrons (and 
also with maximum electropositive character). The 
two sides of the bell-shaped curve are not symmetrical. 
This is probably related to the fact that on the two 
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Figure 5. Melting Points of the Transition Elements 


sides different numbers of paired electrons correspond 
to the same number of unpaired electrons. 
While only unreliable data are available on the heats 


of sublimation and boiling points of D-field elements, . 


it was interesting that with each new value from the 
recent literature these properties also began to display 
periodicity.* 

The present periodic table is not only easily under- 
stood but also theoretically correct. It renders pos- 
sible the correct establishment of the property functions, 
dependent within a column on the principal quantum 
number. These functions, on the other hand, show the 
direction for farther investigations and may perform 
in practice the same function in predicting values of 
physical properties as did the Mendeleev table in the 
discovery of the eka-elements in earlier days. 


3 See Acta Chim. Acad. Sci. Hung., 4, 145 (1954). 
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Figure 6. The Slope of the Increase in Melting Point (See Figure 5) 
Within One Family as a Function of Number of d Electrons 
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REPORT ON SUMMER EMPLOYMENT OF HIGH-SCHOOL SCIENCE TEACHERS 


Tue Future Scientists of America Foundation of the National Science Teachers Association 
(Washington 6, D. C.) has prepared a 30-page booklet which presents a summary of practices 


followed by 92 companies in their teacher summer employment programs. 
The study shows that employment programs of this type are proving their value to both the 
teaching profession and industry. There were three times as many teachers employed in 1956 as in 


1953, many by small companies. 


Most teachers work in laboratories associated with engineering or production activities of the 
company. Their work is assigned with the teachers’ abilities and training in mind; salaries are 
commensurate. The majority of the companies were emphatic in stating that teachers’ accom- 


plishments were worth the salary paid. 


Sixty-one per cent of the companies urge teachers to remain in teaching; 27% would refuse 
to hire the teacher away from his teaching position. One company report stated, “Summer em- 
ployment has prevented three members of our group of teachers from leaving the profession.’’ 

Readers interested in establishing such a program will find the booklet very useful as a selling 
device to present to the busy executive. It is a factual, emphatic endorsement of a successful 


attack on the problem of science teacher shortage. 
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RECENT DEVELOPMENTS CONCERNING THE 


SIGNS OF ELECTRODE POTENTIALS 


Tue formulation of electrochemical definitions and 
sign conventions has received renewed attention in the 
period 1950-57. Mention should be made of committee 
reports issued by the International Union of Pure and 
Applied Chemistry (I.U.P.A.C.) meeting at Stockholm 
in 1953 (see J. A. Christiansen and M. Pourbaix (/)), 
by the Comité International de Thermodynamique et 
Cinétique Electrochimiques (C.I.T.C.E.) (see P. Van 
Rysselberghe (2)), and of publications by E. Lange 
(3), J. J. Lingane (4), A. J. deBéthune (5, 6), and J. B. 
Ramsey (7). It is the purpose of this paper to review 
some of these recent developments, insofar as they per- 
tain to the sign conventions governing what is commonly 
known as the “single electrode potential,” the “half- 
reaction potential” or the “‘half-cell electromotive 
force.” The allied problem of the sign conventions gov- 
erning the whole cell “‘potential” will be touched upon 
only in passing. A brief historical review may assist in 
understanding the background of these recent develop- 
ments. 


HISTORICAL 


The sign conventions governing electrode potentials 
have been a source of confusion ever since Walter 
Nernst (8) introduced his celebrated equation 

n Pp 

in 1889. In Nernst’s picturesque but inaccurate lan- 
guage, EH was described as the “potential difference 
metal | electrolyte,” P as the “solution pressure” of the 
metal, p as the “osmotic pressure” (by which Nernst 
meant the concentration) of the n-valent metallic 
ions in solution. FR is the gas constant expressed by 
Nernst in volt-faradays (0.861 v.-§/°K.-mole) 
and 7’ is the absolute temperature. The sign of E was 
determined by the following criterion: when E£ is posi- 
tive, i.e., in Nernst’s own words (9a), 


.. when P > p, the solution becomes positively charged, the 
metal negatively charged, and E tends to produce in a closed cir- 
cuit a [positive] current which flows from metal to solution. 


E (1) 


Since the measurement of E by means of a potentiom- 
eter requires a second electrode to complete the cir- 
cuit, Nernst selected the Normal Hydrogen Electrode 
as a second or reference electrode to which the value 
zero was arbitrarily assigned. (The zero reference 
electrode was later redefined by G. N. Lewis (10a) as 
the Standard Hydrogen Electrode (SHE)). By ap- 
plying his sign criterion, Nernst (9b) then showed that 
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the potential F of an active metal such as Zn was to be 
taken as +0.74 volts while that of a more noble metal 
such as Cu was —0.34 volts. These algebraic signs 
were preserved by G. N. Lewis and M. Randall (/0b) in 
the tabulation of their “single electrode potentials” and 
by W. M. Latimer (//) in the tabulation of his ‘‘oxida- 
tion potentials.” It should be pointed out that Nernst 
was not entirely self-consistent in the use of his FE as a 
sign invariant quantity. His discussion of decomposi- 
tion potentials (9bc) makes sense only when his E is 
interpreted as a sign bivariant quantity whose sign 
alters for different directions of the current flow. 

The £ of an electrode was defined anew by Lewis and 
Randail (/0c) in terms which make it a sign bivariant 
quantity. This is clear from the statement of their 
own sign convention (10d): 


... if we are considering the junction at an electrode, we may 
represent this junction by the expression: electrode, electrolyte. 
We then say that the single potential measures the tendency for 
negative electricity to pass from right to left, that is from the 
electrolyte to the electrode. On the other hand, we may express 
the junction as: electrolyte, electrode. Here again the potential 
measures the tendency of the negative current to pass from right 
to left. It has the same magnitude as before, but the opposite 
sign. 


The twofold sign of the Z of Lewis -~d Randall has been 
illustrated by Latimer (/1, 12) ine »xamples 


Zn, Znt++ Zn = Znt+ + 2e- = +0.76 volts (2) 
Zn++, Zn Zn+++2e-=Zn & = —O.76 volts (3) 


(These potential values must always be interpreted in 
conjunction with 


Pt, H+ = 2H++ 2e—- = 0.0 volts). 


Latimer refers to (2) as the “relative oxidation poten- 
tial” of Zn and to (3) as the “relative reduction poten- 
tial” of Zn++. Of course, it is the “oxidation po- 
tential” (2) with the same sign as Nernst’s original 
choice of sign, which has come to be popularly, albeit 
inaccurately, known as the “American sign conven- 
tion (/1a).” 

A completely independent criterion for the sign of 
electrode potentials had already been provided in the 
thermodynamic writings of J. Willard Gibbs (13). In 
his monumental ‘Equilibrium of Heterogeneous Sub- 
stances,” written between 1875 and 1878, Gibbs de- 
velops the concept of the “electrical potential” of an 


1 The thermodynamic state of the electrons e~ was not ex- 
plicitly defined by Lewis and Randall. This has recently been 
clarified by J. B. Ramsey (7). See below. 
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electrode (13a), which can be defined, in his language, 
as the measurable electrical potential difference be- 
tween two “pieces of the same kind of metal connected 
with” the electrode in question and with the reference 
electrode, respectively. Since experiment shows that 
zine is the negative terminal of the zinc-hydrogen cell, 
Gibbs’ criterion leads to the conclusion that the elec- 
trode potential of zinc is negative. Ostwald (14), 
using essentially the same criterion as Gibbs, prepared 
the first table of electrode potentials in 1887 (two years 
before Nernst’s paper) with the dropping mercury 
electrode as a reference electrode. Ostwald remarked 


(14a): 


Zinc and cadmium were negative in all acids investigated, 
copper, antimony, bismuth, silver, and mercury were positive 
in all of them; tin, lead and iron show positive and negative 
values of 0.1 to 0.2 volt. On the average, the potentials are: 
zine —0.7 V, cadmium —0.3, tin, iron and lead +0, copper 
+0.3 to +0.4, bismuth +0.4, antimony +0.3, silver +0.5 and 
mercury +0.8 volt. This is an expression of the ‘potential series’ 
of the metals in aqueous solutions, . . . 


It is worth noting that the sign of the electrode poten- 
tial deduced from the Gibbs-Ostwald criterion is not 
changed by a reversal of the direction of the half-cell 


reaction. The electrode potential based on Gibbs’ 
and Ostwald’s criterion of sign is a  sign-tinvariant 
quantity. 


The Gibbs-Ostwald criterion leads to an opposite 
choice of sign for electrode potentials, from Nernst’s 
criterion. This represents the genesis of a conflict that 
has continued to divide chemists, chemical engineers, 
teachers and students of chemistry up to the present 
time, especially in the United States (4—7, 15—20). 
Nernst’s criterion was extensively adopted at first, ex- 
cept by Gibbs (2/7) who, in 1899, changed the sign of 
the Nernst equation (1) to conform to his own criterion 
of sign. 

The Gibbs-Ostwald criterion was revived by Abegg, 
Auerbach, and Luther (22) in 1911, became generally 
adopted throughout Europe, and eventually found its 
way in the tables (but not in the equations!) of later 
editions of Nernst’s ‘Theoretical Chemistry” (23). 
The choice of the sign based on the Gibbs-Ostwald cri- 
terion has come to be known as the “European sign 
convention.” It is extensively used in America, also by 
practical electrochemists, engineers, metallurgists, phys- 
icists, analytical and biological chemists (1/6, 17). 
On the other hand, the signs deduced from Nernst’s 
criterion have been preserved in the electrode poten- 
tial tabulations given by Lewis and Randall (/0b), by 
Latimer (1/1), and by a majority of American texts of 
physical chemistry (15). 


THE TEACHING PROBLEM 


The divergence of meaning for the sign of the po- 
tential of a single electrode has presented a probiem to 
teachers and students of chemistry. The need for 
defining a sign occurs in the first course of the chemistry 
curriculum when the electromotive series of the metals 
is introduced. American general chemistry texts are 
divided on this choice of sign (19, 20). Many of them 
present the active metals above hydrogen with positive 
signs for the standard potentials (20). This is the 
Nernst criterion which conforms with the tabulations 
of Lewis and Randall (10b) and of Latimer (//) and 
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with the practice of virtually all physical chemistry 
texts (15). Some general chemistry texts also dis- 
cuss electrochemical cells or batteries, usually exempli- 
fied by the Daniell cell. The Daniell cell has an ex- 
perimentally observed electromotive force of abow 
1.1 volts, with zinc the negative terminal and coppe: 
the positive terminal of the cell. Comparison with th.- 
electromotive series shows that the magnitude of th: 
e.m.f. is numerically close to the difference of th: 
standard potentials of zinc and copper. However, 
the observed polarities (Zn—, Cu+) do not agree wit) 
the signs of the standard potentials (Zn positive t» 
Cu negative) tabulated in accordance with Nernst’s 
criterion. 

The teaching problem introduced by the dual and 
divergent meanings of the signs recurs elsewhere, for 
example, in oxidation and reduction potentials, in 
electrodeposition and electroseparations, in electro- 
chemical cells and batteries, in potentiometric titra- 
tions. For example, in the measurement of pH with 
the quinhydrone-calomel cell, a negative polarity for 
the quinhydrone electrode indicates an alkaline solu- 
tion. The sign of the potential of the quinhydrone 
electrode (referred to calomel) must then be written as 
positive or negative, according as Nernst’s or Gibbs’ 
criterion of sign is applied. 


RECENT DEVELOPMENTS 


Several recent developments have contributed to the 
clarification of this problem. In 1953, Lingane (4) 
reiterated the sign invariance of the electrode potential 
when defined in a manner analogous to that already 
used by Gibbs (/3a) in 1878. In the same year the 
International Union of Pure and Applied Chemistry 
(I.U.P.A.C.), meeting at Stockholm (1), distinguished 
between the sign bivariant FE of Lewis and Randall and 
the sign invariant electrode potential and recommended a 
sign for the electrode potential which coincides with that 
already selected by Gibbs (13a, 21) and by Ostwald 
(14). In 1955, deBéthune (5) demonstrated that the 
I.U.P.A.C.’s “Stockholm” electrode potential coincides 
in practice with Gibbs’ electrode potential (21) and pro- 
posed that the term Gibbs-Stockholm electrode potential 
and Gibbs’ symbol V be applied to this quantity. He 
also showed by modern examples the thermodynamic 
information deducible from Gibbs’ V. In_ 1957, 
Ramsey (7) introduced the concept of the “electron 
chemical potential” & of an electrode-electrolyte sys- 
tem at equilibrium, as a sign invariant quantity, meas- 
urable in volts, which represents an intensive thermo- 
dynamic property of the system, and whose numerical 
value has the same algebraic sign as that originally ap- 
plied by Nernst to his electrode potential. 

Mention should also be made of Erich Lange’s ‘wo 
masterful papers “Uber elektrochemische Grund- 
begriffe” (3), published in 1951 and 1952, and of the 
searching and exhaustive formulation of electroche ni- 
cal concepts and definitions developed since 1950 by ‘he 
Comité International de Thermodynamique et Ciné 
tique Electrochimiques (C.I.T.C.E.) (see P. © \an 
Rysselberghe (2)). The discussion of these is larcely 
beyond the scope of the present paper. However. it 
should be noted that the C.I.T.C.E.’s electrode poten ‘ial 
while defined in language different from the I.U.P.A.\’.’s 


JOURNAL OF CHEMICAL EDUCATION. 


Th 
electr 
when 
cell bi 


a 
i 
T 
P 
(i 
4 
] 
: 
j al 
| 
wi 
po 
hy 
reg 
of 
cel 
é 
tro 
dy 
TE 
Te 
Th 
Wh 
this i: 
when 
If thi: 
cireuit 
4 be po: 
Tf, hov 
this in 
2. Th, 
tre: 
> 
VOLU! 


is effectively identical (2a) with the quantity of the 
same name defined by the I.U.P.A.C.(/). 


THE SIGN INVARIANCE OF THE ELECTRODE 
POTENTIAL 


The sign invariance of the electrode potential when 
defined in the manner of Gibbs has been largely ignored, 
cr even misunderstood, in many American texts. The 
sign bivariant E based on the thermodynamic system of 
lewis and Randall (10e), and of Latimer (12), has re- 
ceived much greater attention, instead. Lingane (4a) 
vas the first American writer to point out, in 1953, that, 
although the sign of E depends on the direction in 
which the reaction is written, 


... the sign of the potential of the actual physical electrode at 
which the half-reaction occurs with respect to the sign of the 
potential of the other electrode of the cell is, of course, fixed or 
invariant. For example, the zinc electrode in the ... [zinc- 
hydrogen] cell is negative with respect to the hydrogen electrode 
regardless of the direction in which the schematic representation 
of the cell is written or the ‘left-right’ orientation of the actual 
cell on the laboratory bench. The potential of an actual elec- 
trode (observed physical quantity) is distinct from the thermo- 
dynamic concept of the potential or e.m.f. of a half-reaction (de- 
fined quantity). 


THE RECOMMENDATIONS OF THE I.U.P.A.C. 


The Commission on Physico-Chemical Symbols and 
Terminology and the Commission on Electrochemistry 
of the I.U.P.A.C. (7) meeting at Stockholm in 1953, 
adopted certain “Conventions Concerning the Signs of 


1. The Electromotive Force of a Cell. 
The cell should be represented by a diagram, e.g., 
Zn | Zn++ |} Cu++ | Cu 


The electromotive force is equal in sign and magnitude to the 
electrical potential of the metallic conducting lead on the right 
when that of the similar lead on the left is taken as zero, the 
cell being open. 

When the reaction of the cell is written as 


1/,Zn 1/,Cutt+ > 1/.Znt+* + 1/.Gu 


this implies a diagram so drawn that this reaction takes place 
when positive electricity flows through the cell from left to right. 
If this is the direction of the current when the cell is short- 
circuited, as in the present example, the electromotive force will 
be positive (unless the ratio Cu++/Zn*++ is extremely small). 
If, however, the reaction is written as 


+ 1/2Zntt+ 1/,Cutt + 
this in:plies the diagram 
Cu | Cut+ |] Zn++ | Zn 


and th» electromotive force of the cell so specified will be nega- 
tive (\:nless the ratio Cu++/Zn*++ is extremely small). 


2. Tie Electromotive Force of a Half-Cell and the so-called Elec- 
trvle Potential. 


When we speak of the electromotive forces of the half-cells 
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Convention Concerning the Signs of Electromotive Forces and Electrode Potentials 
Adopted by the I.U.P.A.C. at Stockholm in 1953 (1) 


Electromotive Forces and Electrode Potentials.””, Amer- 
ican members, or participants in the preliminary dis- 
cussions, of the two commissions, included Roger G. 
Bates of the National Bureau of Standards, Frederick 
G. Keyes of the Massachusetts Institute of Technology, 
Wendell M. Latimer of the University of California, 
Pierre Van Rysselberghe of the University of Oregon 
(now of Stanford University) and Thomas F. Young of 
the University of Chicago. These conventions were 
put forward “to resolve the present serious conflict 
between two diametrically opposite but widely adopted 
practices in respect of electrode potentials (24).” 
The text of the I.U.P.A.C. conventions is included 
here, in extenso. 

The first part of the I.U.P.A.C. conventions deals 
with the e.m.f. of a cell, and ratifies the familiar 
whole-cell conventions of Lewis and Randall (/0e). 
The second part deals with the e.m.f. of a half-cell and 
with the so-called electrode potential. Inspection 
of the text of these conventions shows that the I.U.P.- 
A.C. uniquely defines the sign of the electrode potential 
while reaffirming the sign-bivariant electrode E of 
Lewis and Randall (/0e) and of Latimer (/2) already 
illustrated by equations (2) and (3). The I.U.P.A.C. 
denotes the latter quantity as the electromotive force of 
a half-cell. It stipulates that an E of the type of 
equation (3) with the electrons on the left may be called 
an electrode potential while an E of the type of equation 
(2) with the electrons on the right should NOT be 
called an electrode potential. 


Zn++ | Zn 
Cl- | Ch, Pt 
Cl~ | AgCl, Ag 


Fett, Fet++ | Pt 
we mean the electromotive forces of the cells 


Pt, H: | H+ || Zn*++ | Zn implying the reaction 

1/oHe + Ht + '/2Zn 
Pt, |AgCl, Ag... . .'/2H. + AgCl— H+ + + Ag 
Pt, |H*||Fe+*, Fe+*+* |Pt...1/2H, + Fet++— H+ + Fe+* 


where the electrode on the left is a standard hydrogen electrode. 
These electromotive forces may also be called relative electrode 
potentials or, in brief, electrode potentials. 
When, on the other hand, we speak of the electromotive forces 
of the half-cells 


Zn |Zn*++ 
Pt, Cl, |Cl- 
Ag, AgCl |Cl- 
Pt |Fe++, Fe+++ 
we mean the electromotive forces of the cells 


Zn |Zn*+*|/H+ |H2, Pt implying the reaction 


Ag + Cl + H*— AgCl + 
He, Pt.. .Fe,+*+ + H+— Fet+*+* + 


where the electrode on the right is a standard hydrogen electrode. 
These electromotive forces should NOT be called electrode 
potentials. 
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Therefore, we may infer from the I.U.P.A.C. conven- 
tions that the half-cell e.m.f. of the standard zine 
electrode can have the two values +0.76 volts and 
—0.76 volts, depending on the orientation of the half- 
cell diagram and the associated direction of the elec- 
trode reaction, but that only the value —0.76 volts 
may be referred to as the electrode potential of zinc. 
This essentially constitutes the “Stockholm” definition 
of the electrode potential. 

The Gibbs-Stockholm Electrode Potential. The I.U.- 
P.A.C. gave no symbol to its electrode potential and 
did not develop its relation to thermodynamic prop- 
erties. deBéthune (5) showed that both can be done 
by starting from the beautifully elegant thermodynamic 
formulation of electrochemical cells developed by J. 
Willard Gibbs (13), and proposed that the name 
Gibbs-Stockholm electrode potential and Gibbs’ symbol V 
be assigned to this quantity. 

Consider the standard zince-hydrogen cell 


Zn, Zn+*||H*+, He, Pt (4) 


where the double bar means that the liquid junction 
potential has been eliminated (/0f, 11b). Let the cell 
be connected to, and in balance with, a potentiometer 
(see figure). The observed potential difference (after 
recalculation back to the hypothetical standard state 
of the cell) is 0.76 volts with zine connected to the neg- 


POTENTIOMETER 


— 


GALVAN- 
OMETER 


= 


SALT 
BRIDGE 
zntt Ht 
Zn Pt— it 


Std. Zn Electrode Std. H: Electrode 
Sch tic Diag of a Zinc-Hydrogen Cell in Its Hypothetical 


Standard State Illustrating the Various Concepts Used to Represent 
the Standard Potential of a Zn, Zn** Electrode 


Zn, Zn*++, H*, He are all presumed to be in their standard states (actual or 
hypothetical) of unit activity. 

€°(Zn, Zn*++) = ¢€°(Zn*++, Zn) = +0.76 v. is the electron chemical po- 
tential (ECP) of the zinc phase of the standard Zn, Zn** electrode when the 
second electrode of the cell is a SHE and the value 0 is assigned to the ECP 
e of the platinum phase of the SHE (Ramsey 1957). 

E°(Zn, Zn+*+) = +0.76v. = —AF°/25, where AF° is the standard free 
energy change of the half-cell reaction: Zn = Zn+*+ + 2e~- (in the SHE); 
which is a shorthand notation for the whole-cell reaction: Zn + 2H*(a = 1) 
= Zn*++ + He(a = 1) (Lewis and Randall 1923). 

E°(Zn*+*, Zn) = —0.76v. = —AF°/25, where AF° is the standard free 
energy change of the half-cell reaction: Zn** + 2e- (in the SHE) = Zn, 
which is a shorthand notation for the whole-cell reaction: Zn*+* + H2(a = 1) 
= Zn + 2H *(a = 1)( Lewis and Randall 1923). 

v°(Zn, Zn**+) = V°(Zn*++, Zn) = —0.76 v. is the electrical potential of 
a “‘piece of metal’’ connected with the standard Zn, Zn** electrode when the 
second electrode of the cell is a SHE and the value 0 is assigned to the elec- 
trical potential of a second ‘‘piece of the same kind of metal’’ connected with 
the SHE (Gibbs 1878, 1899; Ostwald 1887; Abegg, Auerbach and Luther 
1911; Lingane 1953; IUPAC (Stockholm) 1953; CITCE 1955; deBéthune 
1955). 
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ative terminal of the potentiometer. Therefore, on: 
may represent the experimental facts by the equation 


V°(Pt, He, H+) — V°(Zn, Zn*++) = +0.76 volts (5) 


where the V’s denote, in the language of J. Willard 
Gibbs (13a) “the electrical potentials in pieces of the 
same kind of metal connected with the two electrodes,’ 
and the superscript® refers to the standard state (10g). 
Therefore, if one assigns 


V°(Pt, Hs, H+) = 0 (4) 


it follows that 
V°(Zn, Zn*++) = —0.76 volts (7) 


This quantity may be called the Gibbs-Stoekholm elec- 
trode potential of the standard zinc electrode. 

The sign invariance of this quantity can readily be 
demonstrated as follows (6). Let the potentiometer be 
thrown out of balance by an infinitesimal amount. An 
infinitesimal current can be allowed to flow in the 
direction of reaction (2) or of reaction (3), without 
altering the electrical potential of the piece of metal 
connected with the zine electrode by more than an 
infinitesimal amount from the value —0.76 volts, 
when the value 0 is assigned to the electrical potential 
of another piece of the same kind of metal connected 
with the hydrogen electrode. In the limit of a revers- 
ible current flow in either direction, the potential is 
unaltered from the value —0.76 volts. Therefore, since 
V is sign invariant, one may write indifferently 


V°(Zn, Znt+*+) = V°(Znt+, Zn) = —0.76 volts (8) 


The Electron Chemical Potential. In a recent paper, 
J. B. Ramsey (7) has introduced the concept of the 
electron chemical potential of an electrode. He showed 
that the difference of the electron chemical potentials of 
two different metals is a measurable quantity. In 
contrast, the electrical potential difference between two 
points in dissimilar phases is not a measurable quantity 
(3), and is even believed by E. A. Guggenheim (25) to 
be devoid of physical significance (see, however, H. 
Strehlow (26)). 

Let the electron chemical potential, which may be ab- 
breviated to ECP, and denoted, following Ramsey, by 
the script capital &, be defined by 


where F,— is the partial molal free energy (electrochem- 
ical potential) of the electrons in a given metallic phase 
and $ is the faraday. The ECP & is therefore a poten- 
tial, expressible in volts. When two metals, A and 
B, are brought in contact, they come to equilibrium 
with respect to the exchange of electrons so that 


= (10) 


The zero state for the ECP & is selected as the ECP & 
of the platinum phase of the usual standard hydrogen 
electrode (SHE). 

Consider once again the hypothetical standard siate 
zine-hydrogen cell (4) in balance with a potentiometer 
(see figure). Let Cu, and Cup be the two copper Jeads 
connecting the Zn and Pt, respectively, to the poten- 
tiometer. Clearly &(Cu.) = &(Zn) and &(Cu:) = 
&(Pt). The difference &(Cu.) — 6(Cue) is exper 
mentally determinable from the measurable electrical 


potential difference between Cu; and Cur. Since the 
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electron chemical potential & increases as the electrical 
potential becomes more negative, we have 


— &(Cus) = V(Cusz) — V(Cu:) = +0.76 volts (11) 
Therefore 
&(Zn) — &(Pt) = +0.76 volts (12) 


In view of the selected zero state, and the fact that the 
cell is a standard state cell, this can be expressed as 


6°(Zn, Zn*+*+) = +0.76 volts (13) 


The &, being a thermodynamic property of a system at 
equilibrium, is a sign-invariant quantity. It is equal, 
both in magnitude and in sign, to Nernst’s original 
“electrode potential” E [equation (1)]. However, it is 
fundamentally different in meaning from Nernst’s E 
and also from Lewis and Randall’s E. It is related to 
the Gibbs-Stockholm electrode potential V by the general 
relation 

&=—-V (14) 


Two words of caution are in order in applications of 
equation (14): (1) this equation is really a shorthand 
notation for the more complete equation 


& — &°(Pt, H+) = V°(Pt, H+) — V (15) 


(2) The notation &(Zn, Zn*++*) refers to the electron 
chemical potential of the electrons in the zinc phase of a 
Zn, Zn++ electrode. The notation V(Zn, Zn++) does 
not denote the electrical petential of the zine phase of a 
Zn, Zn++ electrode, but rather, as pointed out by 
Gibbs (13a, 21) the electrical potential of the metallic 
conducting lead connecting the zinc electrode to the 
potentiometer, referred to the electrical potential of an- 
other conducting lead “of the same kind of metal” 
connecting the reference electrode to the potentiometer. 
Under isothermal conditions, the chemical nature of the 
metallic leads (usually copper) is immaterial. The 
popular colloquial phrase “the electrical potential of 
the zine electrode” (e.g., Lingane, vide supra) usually 
means the same thing as V(Zn, Zn*+*), ie., it does not 
mean what it literally says. 

The Thermodynamic State of the Electrons. Ramsey 
(7) has also clarified the thermodynamic state of the 
electrons which appear in all half-cell reactions as 
usually written, when he states 

The state of the electron substance is that of electrons in the 
electrode of the defined standard hydrogen electrode system at 
equilibrium. 

He brings out a very interesting point by comparing 
the two half-cell reactions: 


(a) 4/2Zn = 1/2Zn++ + e- (in the SHE) 
(b) = 1/.Zn++ + e- (in the Zn) 


The free energy AF of reaction (b) is zero if the Zn, 
Zn** electrode system is at equilibrium. It can 
readily be proved that the partial molal free energy of 
the electrons in the Zn is then equal to the free energy 
drop of reaction (a) where the electrons are in the SHE. 
In Ramsey’s words, 


... the value of the partial molal free energy of the electrons, 
F,-, in the electrode of any electrode system at equilibrium is de- 
termined by the tendency of the substances constituting the re- 
duced state to change to the substances, constituting the oxidized 
state, and to electrons in the state in which they exist in the hy- 
drogen electrode in the standard hydrogen electrode system at 
equilibrium, The greater the tendency for this change [reaction 
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(a)] to occur, that is the greater the decrease in free energy (— AF) 
accompanying this change [reaction (a)], the greater will be the 
value of F,- in the metal electrode of that electrode system at 
equilibrium [reaction (b)]. In terms commonly used, it may be 
said that the greater the strength of the reduced state, as a reduc- 
ing agent, the greater will be the value of F,- in the electrode. 


ILLUSTRATION OF THE SEVERAL CONCEPTS 


The potentials of electrodes can be expressed in 
terms of the sign bivariant E of Lewis and Randall, 
or in terms of the sign invariant Gibbs-Stockholm 
electrode potential V, or of the sign invariant Ramsey 
electron chemical potential & (of opposite sign) as in 
the examples 


E° &° 
Zn = + 2e- +0.76 -—0.76 +0.76 


Zn, Zn** 
Cu = Cut+ + 2e- —0.34 +0.34 -—0.34 


Cu, Cut* 
or 


Zn*+*, Zn 


Zn*+* + 2e- = Zn —0.76 -—0.76 +0.76 
Cutt, Cu 


Cu** + 2e- = Cu +0.34 +0.34 —0.34 


The electrons e~ are always understood to be in their 
standard state, i.e., that of electrons in the metallic 
phase of the standard ‘hydrogen electrode (SHE). A 
half-cell reaction such as Zn = Zn++ + 2e- is always 
understood to be a “shorthand” notation for the 
whole-cell reaction Zn + 2H+ (a = 1) = Zn++ + 
(a 1). 

Calculations of interest include: the free energies of 
half-cell reactions, the electromotive forces of whole 
cells and the free energies of whole-cell reactions, the 
potentials of nonstandard state electrodes. The 
method of carrying out these calculations by use of 
E, V, and & will be illustrated below by examples. 

The Free Energies of Half-Cell Reactions. Consider 
a half-cell reaction written with the electrons on the 
right, i.e., an oxidation: 

Zn = Zn*+ + 260- (16) 


where the state of the electrons intended is that of 
electrons in the metallic phase of the SHE. The free 
energy change of this half-cell reaction can be computed 
through the thermodynamic relations, based on Gibbs’ 
equation (699) (13b), 


AF = —nSE = +nS5V = —nSé (for oxidations) (17) 
For reaction (16), the standard free energy is (/0h) 


AF® = —25(+0.76v.) = +25(—0.76v.) = —25(+0.76v.) 
= —1.52v. = —35.05 keal. (18) 


Conversely, for a half-cell reaction written with the 
electrons on the left, i.e., a reduction: 


Zn*+*+ + 2e- = Zn (19) 
the free energy change can be computed through the 
relations 

AF = —n3E = —n3V = +n3é (for reductions) (20) 
For reaction (19), the standard free energy is 


AF°® = —25(—0.76v.) = —25(—0.76v.) = +-25(+0.76v.) 
= +1.52v.F = +35.05 keal. (21) 


The Whole-Cell Electromotive Force. Consider the 
cell 


Zn, Zn*++|\Cut++, Cu (22) 
By the conventions of Lewis and Randall (10e) and of 
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the I.U.P.A.C. (1) the corresponding whole-cell reac- 
tion is 

Zn + Cut+ = Zn*++ + Cu (23) 
The standard whole-cell e.m.f. E° (cell) is given by the 
relations? 
(cell) = E°(Zn, Zn*++) + E°(Cut**, Cu) 
= Ve right lett = 34) — (—0.76) 


= 8° lett — 8° right = +0.76) — (- —0.34) 
=*"} 1.10 volts (24) 


= (+0.76) + 
(+0.34) 


The polarity of the cell can be conveniently determined 
from the V or the & values, as follows. The electrode 
having the larger (algebraic) value of V, in this in- 
stance Cu, is the + terminal of the cell. The electrode 
having the larger (algebraic) value of the ECP &, in 
this instance Zn, is the —terminal of the cell, i.e., the 
source of electrons to the external circuit. 
For the cell written in the reverse direction 


Cu, Cut*|/Zn*+, Zn (25) 


with the cell reaction 
Cu + Znt++ = Cut+ + Zn (26) 


the standard whole-cell e.m.f. E° (cell) is given by the 
relations 


E°(cell) = E°(Cu, Cu*+*+) + E°(Zn*+, Zn) = (—0.34) + 


(—0.76) 
Ve right = ( —0.76) — (+0. 34) 
= 8° — S°right = (—0.24) — (+0.76) 
= —1.10 volts (27) 


Although the sign of the whole-cell e.m.f. is changed by 
a reversal of the whole-cell diagram and of the whole- 
cell reaction, the polarity of the cell remains unchanged, 
i.e., Cu is still the + terminal of the cell, as is clear from 
a comparison of the two Gibbs-Stockholm V values. 
The ECP values & of the two electrodes also remain un- 
changed. 

The Free Energy of a Whole-Cell Reaction. The free 
energy of a whole-cell reaction, such as (23) or (26) is 
conveniently calculated from the relations, based on 
Gibbs’ equation (699) (13b), 


AF = —nSeen = + Erignt). 
= nF(Vierr — Vright) = WF(Eright — Stett) (28) 


2 American chemists and engineers are in substantially complete 
agreement with the choice of sign of the whole-cell e.m.f. embodied 
in equations (24) and (27), i.e., a positive Z value corresponds to a 
spontaneous tendency for the flow of positive electricity through 
the cell from left to right. The I.U.P.A.C. at Stockholm has in- 
ternationally ratified this choice of sign by defining FE (cell) 
as Vrignt — Viert (1). European chemists appear to be divided 
on the choice of sign for the whole-cell “potential.” Some 
European chemists prefer to take it as Vier, — Vrignht. The 
C.1.T.C.E. (reference (2b)) has attempted to unravel this conflict 
by introducing the alternative expressions for a whole-cell: 


force, elektromotorische Kraft, 
force électromotrice = Vright — Viett 


while 
Zellspannung, tension de cellule = Vierr — Vright 


No use is made of C.1.T.C.E.’s Zellspannung in the present 
paper. P. Van Rysselberghe (27) has proposed the term electric 
tension of a cell as a translation of Zellspannung. 


For example, for cell (22) and reaction (23), the stand- 
ard free energy is 
AF® = —23(+1.10v.) = + (+0.34) |v. 

= 25[(—0.76) — (+0.34)]v. 


= 25[(0.34) (+0. 76)Wv. 
= —2.20v.F = —50.7 (2::) 


For cell (25) and reaction (26), the standard free e: - 
ergy is 
AF°® = —25(—1.10v.) = —25((—0.34) + (—0.76)]v. 
= 2%[(+0.34) — (—0.76)]v. 


= 25[+0.76) — (—0.34)]v. 
= +2.20v. = +50.7 kcal. (31) 


The Potential of a Non-standard State Elect.od?: This, 
of course, is the quantity given by Nernst’s celebrat:d 
equation (1). Rewritten in more modern form, and 
expressed in terms of the standard potential and tlie 
activities (10g) or activity products (Ox) and (Rei) 
of the oxidized and reduced forms of the electromotively 
active chemical substances appearing in the generual- 
ized electrode reaction 


Red = Ox + ne-~ (31) 
where the electrons e~ are in their standard state (dis- 


cussed above), the potentials can be expressed as fol- 
lows: the Gibbs-Stockholm electrode potential V, 


V = V° + (RT/nS) In (Ox)/(Red), (32) 
the Ramsey electron chemical potential & 
& = &° — (RT/nS) In (Ox)/(Red) (33) 


the Lewis and Randall FE must be expressed in two 
ways: 


for reaction (31), it is 


E = E° — (RT/nS) In (Ox)/(Red) (34) 
while, for the opposite reaction 
Ox + ne~ = Red (35) 
it is 
E = E° — (RT/nS) \n (Red)/(Ox) (36) 
SUMMARY 


The conflict regarding the signs of electrode poten- 
tials was originated by the adoption of two independ- 
ent criteria for the selection of this sign: Nernst 
criterion (1889) which has evolved into the “American 
sign convention,” and the Gibbs (1878—Ostwald (1887) 
criterion which has come to be known as the ‘‘European 
sign convention.” These two criteria lead to opposite 
signs for the representation of identical observable 
laboratory information. The half-reaction potential 
E of Lewis and Randall and of Latimer is defined in 
such a way as to be capable of having either sign. de- 
pending on the postulated direction of the hali-cell 
reaction. When this reaction is written as an oxida- 
tion, the corresponding “oxidation potential” FE has 
the same sign as Nernst’s original ‘electrode potential” 
E [equation (1)]. 

The I.U.P.A.C., meeting at Stockholm in 1953, has 
recognized the sign-bivariant E of Lewis and Raniall, 
and recommended further that the term electrode po- 
tential be applied only to the EF whose sign is the sme 
as the sign of the potential which can also be ded.ced 
from the Gibbs-Ostwald criterion. It seems ap))r0- 
priate therefore to refer to such a quantity as the 
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Summary of’Thermodynamic Relations for Reversible Electrodes and Cells Based on the Lewis and Randall E, 
the Gibbs-Stockholm V, and the Ramsey 5. 


Function in Half-cell e.m.f. Electrode Electron 
expressed terms (Half-reaction potential) potential chemical potential 
Reaction } of => E (sign bivariant) V (sign invariant) & (sign invariant) 
(Oxidation: Standard state —E?° (oxidation) = V° = —§° 
electrode = E° (reduction) 
Red — Ox + ne~ Nonstandard state —E (oxidation) = V = —§ 
electrode = £ (reduction) 
q dakéien: JForms of the E (oxidation) = V = V° + (RT/nS) & = &° — (RT/nS) 
Nernst Equation (oxidation) In (Ox)/(Red) In (Ox)/(Red) 
—(RT/nS) ln (Ox)/(Red) 
E (reduction) = 
E° (reduction) 
—(RT/nF) In (Red)/(Ox) 
Red — Ox + ne- Oxidation free energy 
AF (oxidation) = —nSE (oxidation) = +n5V = 
Ox + ne~ — Red Reduction free energy 
AF (reduction) = —nSE (reduction) = = +nFé 
e.m.f. of the whole cell: left electrode || right electrode 
E (cell) = E (oxidation)ier = Vright — Vier = Siete — Sright 
Rediere + + E (reduction),rignt 
Xright = = E (oxidation ) ier 
Oxiere + —E (oxidation right 
Redright Whole cell reaction free oe 
AF (cell) = —nSE (cell) = —nsSE (cell) = —nSE (cell) 


= nF(Vier, — Vright) = nF(Eright — Siete) 


In all half-cell reactions, the electrons e~ are in their standard state, i.e., that of the electrons in the metallic phase of the standard 
hydrogen electrode (SHE). A half-cell reaction such as: Red = Ox -++ ne~, is always understood to mean the whole-cell-reaction: Red 


+ nH*(a = 1) = Ox + (n/2)Hi(a = 1). 


“Gibbs-Stockholm electrode potential” and to repre- 
sent it by Gibbs’ symbol V, as suggested by deBéthune 
in 1955. The sign invariance of this quantity was dis- 
cussed by Lingane in 1953. 

Ramsey, in 1957, introduced the concept of electron 
chemical potential (ECP) & and showed it to be an 
intensive thermodynamic property of an electrode, 
electrolyte system at equilibrium. The ECP 6& is 
expressible in volts, is sign invariant, and is equal, in 
sign and magnitude, to Nernst’s original FE [equation 
(1)|, although fundamentally different in meaning. 
Ramsey’s ECP 6& therefore provides a physically 
meaningful and illuminating description of the poten- 
tials tabulated in so many of our American texts with 
algebraic signs following the Nernst criterion. 

The Nernst criterion has been in continuous use for 
68 years. Lewis and Latimer have successfully based 
their practical system of chemical thermodynamics on 
it, and it has become second nature to large numbers of 
American chemists. The Gibbs criterion, which is 
based on Gibbs’ application of the first and second 
laws of thermodynamics to an electrochemical cell, is 
more convenient for laboratory work and for the 
handling of nonreversible electrodes and cells (28).* 
Its wide acceptance, under a variety of designations 
and symbols, by practical users of electrochemistry, 
avtests to this, and bears witness to the practical side 
of Gibbs’ theoretical - genius. 

American students of chemistry and chemical en- 
ginecring must, of necessity, become acquainted with 
the whole variety of meanings which the sign of an 
electrode potential can have. It is the hope of the 
authors that the present review will have made a 
mod:-st contribution to this goal. 

_* For example Gibbs’ equation (700), the last one in his Equi- 
librium of Heterogeneous Substances’’ (13b), contains the genesis 
of the application of thermodynamics to irreversible electro- 


chemical cells. This subject has recently received considerable 
development at the hands of P. Van Rysselberghe (27). 
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ALTITUDES 


It 1s well known that the boiling point of a substance 
is a function of the pressure at which it is determined. 
Uncorrected boiling points obtained in laboratories 
located at high altitude, where the atmospheric pres- 
sure is lower, are no longer useful for the characteriza- 
tion of a substance. For example, the boiling tempera- 
ture of a substance as determined in Quito, located at 
9360 feet above sea level where the atmospheric pres- 
sure is about 547 mm. Hg, may be 10°C. lower than its 
normal boiling point. Corrections can be obtained by 
calculation or by the use of nomographs for this purpose 
such as that proposed by Myers.! 

We have found that a pressurized distillation appara- 
tus is useful for the direct determination of the normal 
boiling point, regardless of the outside atmospheric 
pressure. Pressurized systems have been used earlier 
for studies of the coefficient of heat transfer and boiling 
rate of liquids.2 The apparatus employed by us is 
similar to that commonly used for distillation at re- 
duced pressure, with the vacuum pump replaced by a 
blower pump. The latter is put into operation until 


1 Myers, R., J. Cem. Epuc., 34, 58 (1957). 
M. T., anp C. F. Trans. Am. Inst. 
Chem. Engrs., 41, 755 (1945). 
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the mercury manometer shows an inside pressure of 
about 770 mm. Hg. The stopcock A is closed, the 
pump disconnected, and the stopcock opened slightly 
until the pressure falls to 760 mm. Hg. Heating ot the 
distillation flask is started. Just before boiling begins 
the pressure is readjusted to exactly 760 mm., and the 
boiling point is determined in the usual way. If the 
system is reasonably sealed, no variation in pressure 
will occur for the short time necessary for the dvter- 
mination. However, to minimize any changes of pres- 
sure within the system, an empty flask representing ‘wo 
or three times the apparatus volume may be conne:ted 
between the manometer and the distillation assem)ly. 
The apparatus should be useful for the determin: tion 
of normal boiling points in any laboratory located ai a0 
altitude above 3000 feet. 
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PROCESSING COLOR FILM 


Txosr familiar with the processing of Anscochrome 
Color Films know that some of the solutions last 
only a week or two. Actually the best results are 
obtained from freshly prepared solutions. For this 
reason it is convenient and economical to prepare the 
necessary solutions from individual chemicals. These 
formulas have been assembled from various sources, 
have been modified and tested, and good results are 
obtained. A brief review of the important points of 
technique together with some of the pitfalls to be 
avoided are given. With one important exception 
liberal variations in timing will still give satisfactory 
results. Since 500 ml. is a convenient volume for 35- 
mm.-tanks, which volume will process up to 3 rolls of 
film, the formulas are stated on this basis. 


Step1. First Development 


Metol (Elon, Pictol, Photol) 

Sodium sulfite, anhydrous 

Hydroquinone 

Sodium carbonate, monohydrated............. 

Sodium thiocyanate 

Potassium bromide 


The optimum developing time is about 21 minutes at 20°C. 
Uniformly good results are obtained when the time of develop- 
ment is between the limits of 18 to 24 minutes. Less than 18 
minutes constitutes underdevelopment which will be evident 
by purplish tones. This first step is critical in the direction of 
underdevelopment, and if an error must be made it is better to 
overdevelop than to underdevelop. During this first develop- 
ment, and in fact through the following steps, frequent agitation 


The film is treated for 2 or 3 minutes in this short stop. This 
bath is saved for use in step 7. 


Step 3. Hardener 


A 4-minute immersion in this bath will do. This bath is 
saved for step 8. 


Step 4. Wash 


The lights are turned on and the rest of the processing can 
be done in room light. The film is washed for 5 minutes in 
Tunning water. 


Step 5. Second Exposure 


The film is now re-exposed to a No. 2 floodlamp for about 1 
minute on the face side and 1 minute on the back side, holding 
the film about 3 feet from this light. 
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Step 6. Color Development 


The film is developed in the color developer for 18 to 20 
minutes at 20°C. This developer is compounded as follows: 


Diethyl paraphenylene diamine 

Sodium bisulfite 

Sodium carbonate, monohydrated............. 

Potassium bromide 


The dye coupler N,N-diethyl paraphenylenediamine is East- 
man Organic Chemical No. 1374. 


Step 7. Short Stop—Identical with step 2 
Step 8. Hardener—Identical with step 3 
Step 9. Wash—Identical with step 4 
Step 10. Bleach 


The film, in spite of the color development, does not show a 
transparency in full color. It is necessary to remove the original 
black silver deposit by bleaching it, and then removing it. 
Bleaching should take about 6 minutes and this bath will keep 
for some time if stored in a glass container. It may be used until 
the time for bleaching becomes excessively long. 


Potassium ferricyanide 
Potassium bromide 


The film is washed for several minutes in running water or 
until no yellow color from the potassium ferricyanide is imparted 
to the wash water. 


Step 12. Fixing 


The bleached image is now removed with sodium thiosulfate. 
Do not use the acid fixing solutions normally used for black and 
white processing. 

Water 

Sodium thiosulfate 


This bath may be used until the fixing time becomes excessive, 
say longer than 6 minutes. The film should now appear in full 
color. 


- Step 13. Wash 


Tep or 15 minutes in running water. It is then rinsed in a 
0.1% detergent solution (Glim or Joy) and hung up to dry. 


The temperatures of the solutions and wash water 
should be as close to 20°C. as possible. Actually, 
except for the first and color developers the temperatures 
are not too critical, and neither is the timing of the 
operations. However any emulsion, whether color or 
black and white, is a delicate item and successive ex- 
tremes of temperature can do no good to either. If 
the final film is a uniform copper red instead of a natural 
color, the bleach bath was not quite alkaline enough. 
Adding a little more of the phosphate and re-treating 
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Disodium hydrogen phosphate............... 7.0 g. 
Step 11. Wash 

is advised. 

Step 2. Short Stop ‘ 

= | 


will give weak washed-out results in the final stage;. 
Little can be done to correct this. 

Further experiments along this line may be tak:n 
by trying other dye coupling agents in the col r 
developer. Dimethyl paraphenylenediamine can ¢ 
used satisfactorily. 


+. the film will usually bring about the correct colors. A 
é second quick hypo rinse and washing will be necessary. 

* With these solutions, if the first development has 
., been carried out properly, the color development stage 
even when carried out to 30 minutes will still give good 
results. Obvious overdevelopment in the first developer 


Tue vapor pressure-temperature relationship of a 
pure liquid is a property which can be extremely use- 
ful in the characterization of volatile compounds. 
It can also be used to estimate the heat of vaporiza- 
tion, and it finds considerable practical application in 
chemistry and in chemical engineering. Despite their 
potential usefulness, however, vapor pressure-tem- 
perature data have not been as widely measured as 
might be expected. Thomson,! in an excellent review 
of the subject, states that vapor pressure measurements 
have been reported on less than 2000 organic com- 
pounds, with probably less than 200 accurately deter- 
mined. 

The paucity of data on this useful property can 


STIRRER MERCURY 


Apparatus for Obtaining Vapor Pressure-Temperature Data in Under- 
graduate Physical Chemistry Laboratory j 
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largely be attributed to the difficulty in its measure- 
ment by the usual methods. The special techniques 
and equipment required tend to discourage its wide- 
spread measurement for new compounds as a routine 
adjunct of preparative work, and usually only one 
point on the vapor pressure-temperature curve (the 
boiling point) is reported. 

Because of its usefulness in illustrating physico- 
chemical principles and techniques, vapor pressure is a 
property often measured in the elementary physical 
chemistry laboratory.2, The techniques employed are 
essentially two: the dynamic method of Ramsay and 
Young,’ and the static isoteniscope method of Smith 
and Menzies.‘ Both techniques suffer from serious 
disadvantages. The Ramsay-Young method, in in- 
experienced hands, does not readily yield accurate 
results, the equipment is rather special and inconven- 
ient, and the theoretical basis offers certain conceptual 
difficulties. The conventional isoteniscope method, 
while conceptually attractive, involves an often exas- 
perating manipulation with a fragile special item of 
equipment. 

A modified isoteniscope method has been developed, 
using an isoteniscope that the undergraduate student 
can, if desired, readily make for himself. The ap- 
paratus is simpler to operate than the conventional 
isoteniscope, and is capable of furnishing results limited 
in accuracy only by the manometer and thermostat- 
ting used. 


APPARATUS 


The apparatus is shown in the figure. The vacuum 
can be supplied by means of a mechanical pump or 4 
water aspirator. The ballast tank and manometer 


1 Tuomson, G. W., in A. WEISSBERGER (editor), ysical 
Methods of Organic Chemistry,’’ 2nd ed., Vol. I, Pt. I, {nter- 
science Publishers, Inc., New York-London, 1949. : 

for example, Danrets F., J. H. Maraews, W. 
AND Starr, “Experimental Physical Chemistr; 4th 
ed., McGraw-Hill Book Co., Inc., New York, 1949, pp. 56-51. 

3 RAMSAY W., 8S. Youna, "J. Chem. Soc. (London), 47, 42 
(1885). 

‘Smita A., anp A. W. C. Menzies, J. Am. Chem. So-., 32; 
1412 (1910). 
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portion might, if desired, be made identical with that 
shown in Daniels, Mathews and Williams.? The 
jsoteniscope itself is made from 8-mm. i.d. glass tubing 
bent at a 20° angle with one end sealed; it can be 
ecnnected to the rest of the system by means of flexible 
tubing. The thermostat bath (which, with the ma- 
nometer, determines the accuracy of the method) can be 
as simple or as complicated as desired. 

PROCEDURE 

The liquid to be studied should first be boiled to 
elininate dissolved air. The sample is then poured 
into the detached isoteniscope tube, which has been 
cleaned and dried. The tube is tipped to displace all 
the air from the closed end (the angle of end of the tube 
is chosen to facilitate manipulations of bubbles in the 
tube). 

‘he isoteniscope can then be connected to the 
vacuum line and evacuated. In theory, the liquid 
should break loose from the closed end of the tube as 
the vapor pressure at the temperature of the closed 
end is approached; in practice, a “sticking vacuum” 
is obtained, the liquid remaining in the closed end 
even when the system is evacuated to a pressure of a 
few millimeters of mercury. This phenomenon, which 
indicates a high vacuum when obtained in a mercury- 
filled McLeod gauge, occurs far more readily with 
less dense liquids. The situation illustrates a meta- 
stable state—a nonequilibrium state which persists 
for a considerable time, even surviving such treatment 
as heating the closed end of the isoteniscope, or sub- 
jecting it to the discharge of a Tesla coil “leak tester.”’ 

In essence the situation is the same as that fre- 
quently encountered in attempting to crystallize a 
substance from solution; although separation of the 
new phase should occur (thermodynamically), the 
new phase does not appear unless the system is “‘seeded”’ 
to give a starting point for the nucleation (or cavita- 
tion) process, which is essential to the attainment of 
equilibrium. In crystallization the required “seed”’ 
is a small crystal of the desired substance; in vapor- 
ization the required “seed’’ is a small bubble of air or 
vapor. The introduction of the seed is achieved by 
the following simple manipulations. 

After the air has been displaced from the closed end 
of the tube, but before evacuation of the open end, a 
small bubble of air is readmitted into the closed end of 
the tube. By tilting the tube and gently tapping or 
flicking it with a finger, the readmitted bubble can be 
fragmented into smaller bubbles. All of the smaller 
bubbles but one are caused to escape around the bend 
into the open end of the tube. There should then be. 
just 2 very small air bubble in the closed end. 

The tube is then evacuated, observing the instant 
that the bubble starts to grow significantly in size. 
The pumping is stopped at this point and the mano- 
metri: pressure noted. It is advisable here to readmit 
enoug! air to the system to increase the pressure by 


1-3 em. of mercury. The bubble at the closed end of 
the tube is again fragmented, with the system at the 
reduced pressure (which is now only slightly above the 
vapor pressure of the liquid at room temperature). 
The bubble behavior will now be considerably different 
from that observed at atmospheric pressure—as a 
large bubble is fragmented, myriads of tiny bubbles 
appear, and the total bubble volume decidedly increases. 
The bubbles are manipulated into the open end of the 
tube, retaining only a single tiny bubble in the closed 
end. This bubble will grow with slight warming (as 
by touching the end of the tube with the fingers), 
and the fragmentation and manipulation process should 
be repeated several times. The repetition insures 
complete outgassing, so that after several times the 
bubble must certainly be vapor, not air. The validity 
of this assumption must be established by inserting 
the isoteniscope in the thermostatting liquid, balanc- 
ing the liquid levels in the isoteniscope, reading the 
manometric pressure, increasing the pressure by 1-3 
em. of mercury, and repeating the fragmentation, 
manipulation, thermostatting, balancing, and pressure 
reading until a reproducible pressure is obtained. 
This is the vapor pressure of the liquid at the thermo- 
stat temperature. The reading of the liquid levels in 
the isoteniscope is accurately done by viewing one arm 
of the apparatus through the other, and aligning the 
two arms with a line around the outside of the thermo- 
stat. Any small error in balancing or aligning the 
isoteniscope is diminished still further by the density 
ratio between the liquid studied and the mercury used 
as the manometric fluid in the external manometer. 

The thermostat temperature can then be set to any 
desired value and the vapor pressure obtained by ad- 
justing the system pressure until the isoteniscope 
liquid levels are identical. 

It is interesting to note that the condensation proc- 
ess, as well as the nucleation (or cavitation) process, 
does not take place instantaneously. A bubble of 
vapor trapped in the closed end of the tube requires 
considerable time and agitation before it will “dissolve”’ 
(or condense), even when atmospheric pressure is ap- 
plied at the closed end at a temperature well below the 
boiling point of the liquid. 

The simplified isoteniscope presented here should be 
capable of as accurate results as any of the more com- 
plicated designs in the literature. Its ease of operation 
and the elimination of a dependence on fragile special 
equipment should make vapor pressure-temperature 
work more appealing and accessible to the synthetic 
chemist for characterization of new compounds. The 
use of vapor pressure-temperature data in identifica- 
tion work might also be considerably extended. The 
accuracy of results possible with simple and rugged 
equipment which is readily fabricated, coupled with 
the conceptual attractiveness of the isoteniscope 
method, makes the experiment ideal for an elementary 
physical chemistry laboratory program. 
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APPARATUS 


Mosr analytic laboratories are well equipped with 
modern instruments. Spectrographs, spectrophotom- 
eters, vapor chromatographs, etc., are now available 
even to undergraduate students. However, a few ex- 
perimental measurements are still badly neglected be- 
cause the necessary instruments are not obtainable 
and must be constructed by the user. For example 
magnetic rotation, which is as characteristic of a sub- 
stance as density or refractive index, is seldom deter- 
mined because the usual setup is difficult to build and 
use. This paper describes a simplified apparatus 
which can easily be assembled from equipment avail- 
able in most laboratories, This apparatus was de- 
signed for use in a senior course in Instrumental Anal- 
ysis, and it gives satisfactory results when operated 
by students. It is hoped that this article will stim- 
ulate more interest in magnetic rotation measurements. 


THE FARADAY EFFECT 


A detailed treatment of the Faraday Effect is given 
by Partington (7). Only a few fundamentals will be 
discussed here. If wire is wound around a polarim- 
eter tube as shown in Figure 1, and direct current is 
sent through the wire to produce magnetic lines of 
force parallel to the tube axis, then any transparent 
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POLARIMETER TUBE 


Figure 1. Polarimeter Setup with Wire Wound Around Tube to Pro- 
duce Magnetic Rotation 


substance placed in the tube will rotate plane polar- 
ized light. This magnetic rotation during trans- 
mission is characteristic of the material in the tube. 
It was discovered by Faraday (2) and is known as the 
Faraday Effect. Even optically inactive liquids, 
such as water or carbon tetrachloride, show definite 
magnetic rotations; and optically active liquids, such 
as sugar solutions, show Faraday Effects in addition 
to their natural optical activities. 

Faraday and Verdet (3) found the angle of mag- 
netic rotation to be given by the equation 


x = VIH (1) 
where x is the rotation in minutes, V is the Verdet 
constant of the substance in the tube, / is the length 


of the tube in centimeters, and H is the average mag- 
netic field strength in oersteds throughout the tube 
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and parallel to the tube axis. The Faraday Effect 
will be positive (dextro) if the current flows clockwise 
around the tube when viewed by the observer as 
shown in Figure 1. Reversing either the current or 
the tube will produce negative rotation. This holds 
for all substances except those, such as iron solutions, 
which are paramagnetic. 

The field strength, H, is always proportional to the 
current that induces it. Thus equation (1) can be 
reduced to 


a = VI/K (2) or V = Ke/I (3) 


where a is the magnetic rotation in degrees, V is the 
Verdet constant of the substance in the tube, J is the 
amperes flowing through the coil, and K is a constant 
for the particular tube used. Its dimensions are 
Verdet units/ deg./ amp. (4). The tube constant can 
be determined by using water as a primary standard 
since V of water lias been carefully measured and found 
to be 0.01307 min./cm. oersted at 25°C. using sodium 
light (6). Verdet constants vary considerably with 
the wave length of light used, but their change with 
temperature is relatively small. If the same current 
is always used during the measurements the Verdet 
constant of any liquid may be calculated as follows: 


V = 0.01307 (4) 


where a is the magnetic rotation of the liquid at 25°C. 
using sodium light, and az, is the same quantity for 
water measured under identical conditions. 


THE POLARIMETER TUBE 


A standard 200-mm. polarimeter tube having the 
dimensions shown in Figure 2 was selected for the ex- 
periment. The screw ends were removed, the cover 
glasses taken out, and a second rubber washer was 
placed in each end cap in addition to the original one. 
A thin fiber washer was put over each end of the tube 
to support the coil as shown in the figure, and the 
caps were replaced. The fiber washers were spread 


‘apart until they rested against the screw ends. ‘Then 


they were secured to the tube with plastic electrical 
tape. Finally the portions of the tube between the 
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Figure 2. Details of the 200-mm. Polarimeter Tube 
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two washers were wrapped with a single layer of the 
same tape. 

The tube was now mounted on a lathe, one end cap 
being held in the lathe chuck and the other on a live 
center placed in the tailstock spindle. The tool post 
and compound rest were removed, and a spool of 
number 28 gauge plain enameled copper wire was 
fixed at the proper height on a vertical rod attached 
to the cross slide. The wire was wound on the tube 
by rotating the lathe spindle toward the operator; the 
reverse direction would have loosened the end caps. 
A very uniform coil was produced by the automatic 
feel which moved the spool of wire lengthwise along 
the tube during the winding process. About 2500 
feet of wire were required, and 11,640 turns were re- 
corded on a counter attached to the spindle. The 
tube was removed from the lathe, the screw ends taken 
off, and the coil wrapped with plastic tape for protec- 
tion. Then the leads were burned to remove enamel, 
and attached to an ordinary line cord secured to the 
coil with tape. Finally a cover glass was placed in 
each end cap in addition to the two rubber washers, 
and the thickness of the cover glass prevented the cap 
from touching the coil when screwed back onto the 
tube. Since the coil had the same diameter as the 
end caps the tube could be placed into a standard size 
polarimeter. 


POWER SUPPLY AND MEASURING CIRCUIT 


The polarimeter coil was measured with a Wheat- 
stone bridge and found to have a resistance of 161 
ohms at 22°C. One may connect this coil to any 
source of direct current which can be accurately ad- 
justed from 0-115 volts and deliver 0-700 ma. The 
power supply and measuring circuit shown in Figure 3 
can be assembled from equipment available in most 
laboratories. The constant voltage transformer pro- 
vides a relatively stable current and isolates the sys- 
tem from the line. This transformer may be left out, 
but its omission will make it impossible for one to 
ground the potentiometer. The powerstat delivers 
(+135 a.-c. volts to the rectifier which in turn will 
deliver 0-120 d.-c. volts to the system. No filter was 
used to smooth the pulsating direct current because 
the lack of such a filter does not hinder the measure- 
ments. In fact a filter would make the electrical 
system a little less stable and more difficult to adjust. 

The current flowing through the polarimeter coil 
can be indirectly measured with a potentiometer. 
If R: of Figure 3 is exactly 1 ohm then the amperes 
flowing through R, (and the tube in series with it) 
will be equal to the voltage developed across R;. This 
voltage, which is numerically equal to the tube current, 
Measured with: the potentiometer, and the latter 
should be sensitive enough to detect an error of 0.1 
mv. However the exact value of the current is unim- 
portant. It is merely necessary to have a current 
which can be accurately reproduced during each 
measurement. Thus R; may be an inexpensive 1 ohm 
resistor having a + 1% error even though the current is 
controlled to one part in a thousand. R, should have 
4 10-watt capacity so that the half watt sent through 
it will not heat it and increase its resistance. The 
Vernier control, Re, is included to facilitate current 
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Figure 3. Semiblock Diag of Electrical Circuit 


Parts List for Electrical Circuit 


A. Milliammeter (0-750 ma. d.c.) 

F Fuse (1 amp., 250 v.) 

GR. General Electric Co. germanium rectifier stack, single 
phase bridge (input 140 v. a.c.; output 125 v. d.c., 1 
amp.) 

P. Conpieas potentiometer setup including standard cell and 
galvanometer capable of detecting a 0.1 mv. error 

PP. Polarized plug and receptacle 

R;. Resistor (1 ohm, 10 watts, wire wound, +1%) 

R:. Rheostat (6 ohms, 25 watts, wire wound) 

R;. Polarimeter tube (161 ohms at 22°C., see text) 

8. Reversing switch (D.p.d.t. with interconnected jaws) 

T:. Sola constant voltage transformer (output 115 v. a.c., 120 
watts) 

T:. Powerstat variable transformer (output 0-135 v. a.c., 7.5 
amp.) 


adjustment, and the reversing switch allows both 
positive and negative rotations to be readily measured. 


OPERATION 


The setup described has two inconvenient features: 
In the first place two people are required to operate it; 
one person must adjust the current while the other 
reads the polarimeter. Of course an automatic current 
regulator would eliminate the need for a second oper- 
ator, and several such regulators are described by 
Lingane (6). In the second place there is no room 
for a water jacket on the tube, and the coil will heat up 
slightly when energized. Fortunately magnetic ro- 
tations vary little with temperature, but the current 
should not be allowed to warm the tube since heat 
will striate the liquids and make the polarimeter 
difficult to read. Thus the tube should be energized 
for only a few seconds at a time, and a waiting period 
should be allowed between runs. It is also helpful to 
have an electric blower circulating room temperature 
air over the coil while in the polarimeter. These pre- 
cautions will prevent striations in most liquids, and the 
electric current can always be reduced if there is still 
too niuch heat produced. 
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The setup was operated as follows: The tube was 
filled from a pipet so that no liquid could get into the 
coil and short the wires; then it was placed in the 
polarimeter. The vernier rheostat was set with two- 
thirds of its resistance in the circuit, the tube was 
energized, and the powerstat adjusted so that the 
desired current was shown on the milliammeter. This 
adjustment was made as quickly as possible to avoid 
heating the tube. Then the current was shut off by 
opening switch §8. Once the powerstat was set it 
seldom needed changing during the measurements. 
Now operator No. 1 set the potentiometer voltage 
numerically equal to the desired amperes. Then he 
turned on the tube current by closing the reversing 
switch, held down the potentiometer button, and 
manipulated the vernier to keep the potentiometer 
galvanometer centered. The galvanometer will fluc- 
tuate a little even though a constant voltage trans- 
former is used. Also the tube resistance will increase 
and reduce the current. Therefore the vernier re- 
sistor had to be decreased gradually to hold the current 
constant. Operator No. 2 was able to adjust the 
polarimeter to +0.01° within 6 seconds after the 
current was turned on, and operator No. 1 had the gal- 
vanometer well centered by this time. He could easily 
adjust the current with a precision of one part in a 
thousand. Then the current was turned off for 30-60 
seconds before the next reading was taken. The zero 
point of the polarimeter was not determined because 
the most convenient value to measure was the differ- 
ence between the positive and negative current read- 
ings. This value was actually 2a, a fact that should 
be remembered when K is calculated from equation 
(2) or (3). 

PERFORMANCE 


Distilled water was used to standardize the tube 
as shown in Table 1, and the tube constant was cal- 
culated from equation (2). Sodium light was used 
for all the measurements, and they were made at a 


TABLE 1 
Calibration of Tube with Distilled Water* 


2a? in deg. 


( Difference 
between Tube constant K 
+ and — in Verdet 
readings) I in amps. units /deg./amp. 
0.2 0.00447 
2.35 0.4 0.00445 
3.52 0.6 0.00446 
Mean 0.00446 
+0.00001 


= 0.01307 min./cm. oersted at 25°C, (5). 


room temperature of 22°C. However the temperature 
was assumed to be 25°C. because the current may have 
warmed the liquids slightly. The current (ampere-) 
was controlled to better than one part in a thousan|. 
Thus the accuracy of the results depended mainly on 
the accuracy of the polarimeter readings. The °o 
values given in the accompanying tables were obtained 
from eight separate polarimeter settings, each es'i- 
mated to +0.01°. Both positive and negative cur- 
rent readings were taken in the following order: + + 
—— ++ —-; then the average of the negative 
readings was subtracted from the average of the po.i- 
tive readings. A precision of better than one part in 
400 was possible with water as shown in Table |. 
This relatively high precision was obtained because 
water does not striate easily, and the polarimeter fie|ds 
remained sharp and clear during the measurements. 

Table 2 lists the magnetic rotations of a few selected 
organic liquids. The literature values in the table 
from reference (7) have been multiplied by 1307/1302 
because the authors of reference (7) reported a low 
value for water (0.01302 deg./ cm. oersted) in a later 
article (8). In the present experiment the purest 
commercial grade chemicals were used, but no at- 
tempt was made to purify them further. In each 
case the observed Verdet constant, calculated from 
equation (3), deviated from the literature value by 
less than 1%. Organic liquids tend to striate more 
readily than water, and their magnetic rotations can- 
not be read as easily without a cooling jacket to keep 
the liquids at constant temperature. In fact toluene 
and carbon disulfide striated so badly with 0.4 amp. 
flowing through the coil that they had to be measured 
with a reduced current. 
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TABLE 2 
Magnetic Rotations of Organic Substances* -_ 


Verdet constant in min./cm. oersted 


2a°8 I 
in deg. in amps. observed literature 25°C. 

Ethanol, absolute 1.99 0.4 0.0i11 0.01112 (5) 
Carbon tetrachloride 2.88 0.4 .016031°°°- 

Nitrobenzene 3.87 0.4 .0216 .02174 (7) 
Toluene 2.38 0.2 .0265 .02670 (7) 
Bromobenzene 5.88 0.4 .0328 .03259 (7) 
Carbon disuifide 3.80 0.2 .0424 .04206 (7) 


* K = 0.00446 Verdet units/deg./amp. (Table 1). a 
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Tr isan old saw, of course, that a medical man buries his 

mistakes and an editor publishes his. For the job of 
editing involves dealing with a rapidly changing 
language. The technicai editor must manipulate it to 
guarantee clear, precise scientific communication. In 
any editorial office handling technical: or scientific 
manuscripts this change in the language is a perpetual 
headache, challenge, and amusement. What, for 
example, do you do with magnetooptical or electrooptical? 
One word? Hyphenated? What the technical editor 
is often inclined to do, but is forbidden by the rules of 
the game, is to toss his problems—and their authors, 
the linguists, the handbook and dictionary makers— 
out the window. 

The student of language watches the ianguage 
change, but he does not have to do anything about it. 
Not only does the technical editor have to do something 
about the language, he has often to make decisions 
about aspects that as an easy-going student of language 
he never thought about. 

With a technical editor, for instance, hyphens assume 
outlandish proportions. Within several days of my 
first coming to work as a neophyte technical editor, one 
of the subjects discussed at a staff meeting was hyphen- 
ation. I was asked: 

“What are your views on hyphens?” 

What were my views on hyphens?! I didn’t think 
anything about hyphens; I had no views on hyphens 
whatsoever. I had never spent over two minutes 
total on hyphens in my life. But in the ensuing years 
I have spent and continue to spend considerable time 
on hyphens. For hyphens are in many cases to the 
technical editor what the micrometer is to the expert 
machinist—it is his means of achieving the desired 
precision. 

The technical editor not only has to do something 
about the changing language, but he has to go out on a 
limb because nobody can tell him the answer he needs. 
He is working in the forefront of language change 
where he has to analyze the trends, make his decisions, 
and publish them. Thus he has the reward of getting 
in his two-cents’ worth in shaping current language, 
specifically in this case American English. And he 


'Eprror’s Nore: We apologize for the mundane label which 
relegat«s the author’s choice to the status of a subtitle. This 
was due partly to help absent-minded college professors who will 
be consulting the index in future years, and partly because 
editors : ways have to change something. Regardless of its label, 
this delightful essay should be required reading for any who 
think an editor’s life is a dull one. 
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OUR CONSTANTLY CHANGING LANGUAGE’ 
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lives in perpetual jeopardy of being damned as a false 
prophet if his prognostications—published, printed, 
and distributed for all to see—prove to be far off the 
mark as the language shapes up, three, five, or ten years 
hence. 

In the fullest sense of the word the technical editor 
and writer is “engineering” English. He has to shape 
his materials to fit his communication problem, relying 
on theory and background where they will apply, but 
relying on his experience and professional judgment in 
the final analysis. The language to a technical editor 
is the instrument by which modern technical and scien- 
tific theory and practice make themselves known. 
New concepts require new words, new combinations of 
words, new grammatical constructions. A technical 
editor’s daily problems involve such weighty and 
genuinely important matters as expressing a revolu- 
tionary new concept—a mathematical expression, for 
example, that has suddenly come to life in the labora- 
tory and must be embodied in some other means of 
expression than a few mathematical symbols; or he 
must decide such semisilly matters as whether pseudo- 
unimolecular is one word, or should it be pseudo-uni- 
molecular? If he decides on the solid form, since 
Webster’s tends to set prefixes tight, does he then want 
to go along with electrooptical and magnetooptical rather 
than electro-optical and magneto-optical? Of such tre- 
mendosities and trifles are a technical editor’s life 
compounded. 


PULLING THE RABBIT OUT OF THE HAT 


The speed with which the English language today 
adapts itself to changing conditions is astounding. 
It is accepted as a truism that this change in language 
reflects, of course, the galloping change taking place in 
our daily lives. Since ours is a technical and scientific 
civilization, many of our basic similes and metaphors, 
our figures of speech, can be expected to have an in- 
creasingly technical and scientific bias. 

The increasing rate at which scientific and technical 
terms become a part of the nontechnical vocabulary is 
accepted with scarcely a raised eyebrow. Popular 
application of technical terms is seldom pastel. Thus, 
to short-circuit, or to complex; spontaneous combustion 
for love at first sight; a young lady may possess high 
octane or a radioactive personality; a rumor run wild is a 
chain reaction; a universal solvent is a panacea; atomize 
is used for pulverize; spectrum for gamut; such weirdies 
as oiltightness are perennial. 
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Perhaps never since Shakespeare and the sixteenth 
century has the English language been subjected to 
such rapid and colorful change. What is the similarity 
between the sixteenth century and the present? In both 
cases new worlds were opening up. Then it was a 
world of discovery, geographically, culturally, and 
scientifically. Today it is the wholesale application of 
science that is year by year, and almost month by 
month, changing daily lives, activities, and thoughts. 
This is particularly true for the engineer and the 
scientist, and therefore for technical writing. 

Undeniably, technical writing is creative writing in 
the most exacting sense. A new expression, like a new 
mathematical equation, like a new computer, is an im- 
portant invention for better or for worse. Its clarity 
and conciseness may lead on to further clarification and 
discovery—or it may in the long run lead up a blind 
alley. 


COINAGE: STERLING OR COUNTERFEIT? 


Intriguing certainly are questions of word coinage 
that spring up. Was the word really invented, or was 
it just picked up a ready-made tapered peg to fill a 
hole in the dike? Take, for example, two current 
entries in the race for permanency: cybernetics and 
automation. Cybernetics seems pretty clear cut; Nor- 
bert Weiner invented it, coined it, pulled it from the 
Greek, so Oxford Universal Dictionary claims, and there 
is no evidence to the contrary. Automation is some- 
thing else again. OUD dates it as originating in 1610, 
and as extending its meaning gradually to where it can 
very easily be stretched to cover the superautomatic 
electronized procedures meant by the word today. 
Time magazine, however, in its issue of March 19, 1956, 
at the beginning of a special spread on automation, 
gives credit to Ford Executive Vice-president Delmar 
S. Harder for coining the word eight years ago— 
[Harder] “first described the automatic transfer of auto 
parts from one metal-working machine to the next.” 
Probably what happened here is ‘‘coinage”’ of a word 
that already existed ready to be applied—the ready- 
made tapered plug for the dike. 

There is a perpetual problem with shop talk and 
technical jargon: when should it be allowed formal 
status in written reports? Much of the work of the 
technical editor, much of the climbing out on a limb 
that he does, is in legitimizing or denying legitimization 
to shop talk and jargon. In many cases, naturally, 
there are perfectly good standard forms for words, 
expressions, and unusual grammatical usages. But in 
a substantial minority of cases the shop talk has created 
or applied a word, adapted an expression, or welded a 
new grammatical construction that can only be gotten 
around with cumbrous circumlocutions.. The tech- 
nical and scientific usage is at first merely conven- 
ient; because of its aptness it takes hold; and once it 


has appeared written a few times is on its way to either — 


temporary or permanent adoption and continued 
adaptation until it is finally canonized by acceptance 
for the dictionary. 

Along with this general trend from shop talk to 
canonization in the dictionary, there are certain areas 
of technical language that are in perpetual change. 
New and changed concepts and expressions lead to new 
abbreviations and symbols which must be systematized. 


Some of the standard elements of language change are 
evident, such as nouns becoming verbs, verbs becomin z 
nouns, and both verbs and nouns springing from adje:- 
tives. Special words are perpetually arising to cause 
investigation, discussion, and decision. If, for ii- 
stance, you think zero is nothing, you have never had ‘o 
deal with zeroing in, zero axial, zero-best reception, zer)- 
dimensional coordinates, or zero-length, or zero-lift, or 
zero sight line, or zero time circutt. 

Proper and Trade Names. Unlike old soldiers, oid 
scientists and technicians, as well as industrial con- 
cerns, may die but they never quite fade away; for 
they are embalmed, entombed, and forever commenio- 
rated in the trade names they have left behind, or in 
names bequeathed to the language. 

So long as the company continues to exist and pro- 
duce a product to which it has attached a copyrighted 
name, that name must be capitalized. Thus Fiber- 
glas, Plexiglas, Pyrex, Kodak, Vaseline, Carborundum, 
or Skellysolve B. However, fiberglas, pyrex, vaseline 
come in manuscripts with machine gun rapidity, along 
with bakelike, cellophane, celluloid, celotex. Should a 
trade name slip through lower case, on the assumption 
that it has become a general term, a common noun 
rather than a proper noun, a polite but firm letter is 
likely to be received from the manufacturer pointing 
out that this is a copyrighted designation and as such 
must be capitalized. Company names or nicknames 
become a part of current technicalese. Thus: 3M 
(Minnesota Mining and Manufacturing), K & E (Keuf- 
fel and Esser), Alcoa (Aluminum Company of America), 
GE (General Electric). 

Many great names in technology and science are, of 
course, commemorated in familiar words whose accept- 
ance into the language is marked by their lack of 
capitalization. Thus: volt, watt, ampere, ohm, henry, 
babbitt metal, bessemer steel, bunsen burner, diesel engine. 
Others are yet in the process: Erlenmeyer flask, Ven- 
turi tube. No time limit can be set for a term borrowed 
from a name to become lower case; some are uncapped 
from the outset, some many never go to lower case. 
Those which are used most will tend to drop the 


capital soonest! 


COMPOUNDING OR CONFOUNDING 


New or relatively little-used compounds of letters and 
words, or of one word with another are perpetually 
cropping up, the form of which must be decided in line 
with current trends—assuming a trend can be estab- 
lished. Take at random these examples: A-)omb; 
acid-forming, acid proof; acute-angle, acute-angled, 
acuteangular; air bubble, air duct, air filter, air pum, but 
airplane, airfoil, airglow; to break down, to stand by), but 
to plane-polarize, to field-test, to heat-treat; and wav 
form, wave number, wave surface, but wavelength. 

These can be found at various times, in variou~ pub- 
lications, in various forms. General rules are ‘isky, 
subject to perennial contradiction, but necessary ‘{ any 
attempt at reasonable editing is to be made.  [tters 
followed by a closely associated word generally take 
hyphen. That much can be stated boldly. But when 
it comes to setting up rules for when two words (I) 
stay two words, (2) are hyphenated, or (3) become one 
word as noun, verb, or adjective, then any meaningful, 


genuinely useful rule runs head-on into usage which u> 
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CATION 


ually refuses point blank to conform. Some properly 
hyphenated words will go solid despite best efforts to 
keep them forced apart (overall for what you wear, 
over-all for the adjective). 

Unit Modifier. In cases where compounding words 
to form an adjective can change meaning, the concept 
of the unit modifier has arisen. It is well exemplified 
in half baked chicken versus half-baked chicken and in 
half dead horse versus half-dead horse, or in one thousand 
pound lots versus one-thousand-pound lots. The concept 
carries Over into measurements used as adjectives: 
2.0-inch rocket, 5-second intervals, 37'/:-degree ele- 
vaiion. 

Prefixes. Prefixes are set tight. This is the general 
rule observed by most technical publishing houses and 
by Vebster’s, and the rule is broken only on the frequent 
occasions when it needs to be. As Korzybski points 
out, there is an appreciable difference between nonsense 
and non-sense. Infrared and ultraviolet are firmly 
established as one word though they are still cropping 
up hyphenated. ‘These are one word: subsonic, super- 
sonic, ultrasonic, and even ultrasupersonic. So too is 
nonionized one word, and has nothing to do with pun- 
gent odors. Self as a prefix remains hyphenated. 
Deviation from the one word rule is allowed on occa- 
sion where two vowels fall together, thus de-energize. 
But generally the rule holds: semiautomatic, semiair- 
cooled, and even semiinfinite; preeminent, preignite, 
preaccelerate, preamplify. What about non-self-lumi- 
nous, semimicro-Soxhlet extractor, and the old friends 
electrooptical and magnetooptical? 


ENTER THE MAD HATTER 


There are some forms that are not going to be ban- 
ished despite herculean efforts; they are taken from the 
vernacular and will force their way into better company 
in formal writing. Two examples are the adverbial 
use of due to and the dangling participle. The Journal 
of the American Chemical Society pamphlet to its ab- 
stractors and editors in regards dangling modifiers 
pleads: “Please stop using ‘using’ in this way.” 
Causal use of due to appears so often in some manu- 
scripts that it is not worth the candle to comb them out. 
These things have a point of diminishing return, even 
for the highest quality technical publishing. 

The ideal process that conventional language develop- 
ment theory weuld give a technical term is somewhat 
as follows: A new type camera is developed, and be- 
cause of the appearance of the final item is dubbed the 
Gooney Bird. (This is a name attached to a camera 
developed at a Naval Ordnance Test Station.) We 
can then talk of the Gooney Bird type of camera, then 
the Gooney Bird principle, then the gooney bird 
camera, then just simply the gooney bird, and even- 
tually the verb to gooney bird. But what the process 
may actually be is anybody’s guess. Whether these 
forms will develop or not who can say for sure? How 
long before an abbreviation becomes a symbol—if it 
ever does? Will datum go by the boards and data 
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be used for both singular and plural? A hundred 
years from now we may have the answers to all these 
questions. But the editor needs the answers right now. 

Spelling. Simplified spelling makes but small in- 
roads. Sulphur has become sulfur, but don’t try it 
with phosphorus. There is a good deal of controversy 
over the retaining or dropping of the final e in some 
chemical terms: glycerine or glycerin (and what in 
either case of nitroglycerin?); hydroxide of hydroxid; 
chlorine or chlorin; bromide or bromid? (See Mencken, 
“The American Language,’’ 1947, p. 401, item 9.) 
Funk and Wagnalls leaped on the simplified, or at 
least e-less version, either trying to create a trend or 
rashly anticipating, because as yet Webster’s and the 
e’s have it. Current naptha for naphtha is laid to the 
influence of Fels-Naptha. (See Mencken, p. 407, 
note.) Few Britishisms intrude; if you find aluminium 
it is likely to be only a typographical error. 

Passive to Active. There is a tendency, particularly 
in chemical writing, toward such expressions as the 
substance analyzed for such and such a percentage of that 
of the other, rather than the substance was analyzed for 
such and such. It is as if the substances were doing 
the analyzing for themselves. Nothing gives a better 
indication of the outward orientation of the scientist 
and technical man; he is in his thinking giving to this 
material that he is working with a life of its own. He 
becomes more or less a passive bystander while it 
performs its magic, almost without his doing any- 
thing. 

The extensive use of the passive in technical writing 
probably accounts for the unavoidable use in many 
cases of the dangling participle. 


THROUGH THE LOOKING GLASS 


To conclude: Need today is for a language with a 
precision it has never before needed, so never possessed. 
Acceleration of scientific work in particular and life 
in general means that English (at least American 
English) must change faster than it has ever before, 
and that it will in the future probably be forced to 
change faster even than it is now. Much of the new 
terminology and usage must be metaphoric, hyper- 
bolic, slangy—creative. At the same time, scientific 
and engineering attitude carries to language a con- 
sciousness of need for design, for tailoring to use. 
Never was a language precise yet clear, accurate but 
flowing, exact but provocative, more needed. Never 
was language called upon for more rapid adaptation to 
the conditions under which it exists and, by what is 
currently known as “feedback,” to shape those con- 
ditions. 

Not only to Alice, but to the student of language and 
technology, no less than to the technical editor, current 
American English is showing us life through the 
electrooptical, magnetooptical looking glass. And in 
this glass we see ourselves reflected with a minimum 
amount of distortion—if the technical editor and 
writer is doing his job. 


are 
ming 
djec- 
ause 
P 
ad 
Zer 
ft, or 
4 
| 


*. 


Ix rHe autumn of 1810 there appeared on billboards in 
Philadelphia a broadside advertising chemical lectures 
for girls. ‘I have been induced,” announced Benjamin 
Tucker, “to prepare, particularly for their benefit, a 
regular course of lectures on the most interesting parts 
of this pleasing and instructive subject.” Tucker’s 
idea was to deliver a series of lectures, illustrated with 
“appropriate and brilliant experiments,” for a fee of 
$8 per student, provided a reasonable number of young 
ladies showed interest. The text of the broadside 
follows:? 


WHILE Science is diffusing her blessings through our extensive 
country, while she is strewing the paths of her votaries with the 
choicest flowers, and indulging them with a free participation of 
the riches of her temple; to invite to her rational and delightful 
repast, the most refined and amiable part of our species, is surely 
an object meriting attention. 

It is true, there are some of the more difficult and abstruse 
walks of science, which must be trod by men alone: the labour 
and attention required in their pursuit, as well as the objects 
to which they lead, exclude them from the literary province of 
females. But there are others, not less distinguished for expand- 
ing and ennobling the human mind, to which we have, heretofore, 
but too cautiously admitted them, although very properly within 
their sphere. Among these, none holds a more distinguished rank 
than the science of chemistry: ‘‘A science, which opens to us a 
region the most extensive, variegated, and enchanting; checkered 
with the rich and abundant luxuriance of variety, it holds forth 
the most inviting aspect, and promises delight to every cultivator 
of its soil, or even gleaner of its harvests:’’ a science, which not 
only increases our knowledge of nature, but gives us a noble dis- 
play of the wisdom and goodness of its Author. 

Impressed with the importance of this truth, and anxious to 
add one more to the many superior advantages which the young 
ladies of Philadelphia possess, I have been induced to prepare, 
particularly for their benefit, a regular course of lectures on the 
most interesting parts of this pleasing and instructive subject. 
And although this is the express object of the course, I shall not 
preclude the attendance of their parents, their brothers, or other 
gentlemen whose pursuits in life may rather contribute to the aid, 
than detract from the advantages of our association. 

The proposed plan, of which this is an imperfect outline, al- 
though it originated with myself, would never have been carried 
into effect, had it not been countenanced by some of the most 
distinguished literary characters. Encouraged, therefore, by 
this circumstance, and the generous offer of one of the first chem- 
ists of our city, to unite with me in the undertaking, so far as to 


render me his assistance when it may be necessary, I propose, . 


should I meet with sufficient encouragement, to open my course 
early in next month. 

The lectures will be delivered in a convenient room at the 
corner of Arch and Fifth streets, twice a week; to commence 
at o’clock in the evening, and will continue one hour each 


1 Present address: Germantown, Philadelphia, Pennsylvania. 

? This broadside is from the Rush Collection in the Ridgway 
Library, Philadelphia, where it is catalogued: 22 Rush MS No. 
29. 
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THE PUBLIC CHEMISTRY LECTURES OF 
BENJAMIN TUCKER 


WYNDHAM D. MILES and 


HAROLD ABRAHAMS ' 


Chemical Corps Historical Office, Army Chemical 
Center, Maryland 


evening, accompanied with appropriate and brilliant experimeats. 
The terms, eight dollars for the course. 
Those who are favourable to the plan, and wish to enter the 
class, will please to insert their names. 
Philadelphia, 10th month 14, 1809 
(signed) BENJ’N TUCKER 


Tucker was not disappointed. The novelty of the 
subject in the field of female education, plus Tucker’s 
skill as a lecturer, brought out. such a large audience 
that Tucker found it profitable to repeat the course in 
later years, and to edit a pocket-size text, ‘Grammar 
of Chemistry,” for lecture-goers. 

Tucker’s lectures, judging by the text, started with 
a discussion of general principles, and then continued on 
through oxygen, hydrogen, carbon, metals, nitrogen, 
phosphorus, earths, alkalies, acids, salts, oxides, 
combustion, water, mineral waters, animal and vege- 
table substances, and ended with fermentation. For 
his demonstrations he used apparatus manufactured 
by George Adams,’ the famous British instrument 
maker, and probably similar to that shown in his 
text (see the accompanying illustration). 

Tucker’s text was mainly the handiwork of Sir 
Richard Phillips, a business-like English publisher who, 
with a corps of ghost-writers, turned out a number of 
popular elementary school books under a variety of 
pseudonyms, one of which was “Rev. D. Blair.’”’ The 
arrangement of the Grammar is illustrated by the 
following passage dealing with the properties of 
phosphorus: 


Phosphorus may be obtained by decomposing the bones of 
animals; it is a yellowish, transparent substance, like beeswax, 
and fuses in water slightly heated. 

Experiment. If a bit of phosphorus, the size of a millei-seed, 
be put upon the outside of a Florence flask, when hot water is put 
into the flask, the phosphorus on the outside spontancously 


kindles. 

Observation. A very slow combustion of phosphorus continually 
goes on, very perceptible in the dark. Indeed phosphorus ‘lerives 
its name from this quality. 


Following the descriptive material comes a s:ctiol 
containing directions for approximately one hu dred 
experiments that a student could perform at home with 
simple apparatus, several pages of questions fo: self- 
examination, and a long glossary of chemical te: us. 

Tucker’s edition of Phillips Grammar was one \ the 
smallest chemistry books ever published in the. | nited 
States. It measures 5!/2 inches in height and 3'/: 
inches in width, and fits easily into a coat pocket. 


— 


3 Philadelphia Aurora, Oct. 24, 1812. 
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Previous to this time there were many advanced texts 

available in American bookstores, but nothing for 
elementary courses. The Grammar filled the need, and 
passed through five editions: 1810, 1817, 1819, 1823, 
and 1827. 

In preparation for his second course of public 
lectures in the autumn of 1811, Tucker appealed to a 
wider audience by inserting a notice in the Philadel- 
phia newspapers. He followed the same practice in 
later years,‘ and in 1813 used still another medium, 
th: Philadelphia directories.® 

When and where was Tucker born? These are 
questions we are unable to answer. What sort of a 
man was he? Outside of the fact that he was a success- 
ful teacher, we do not know. He turned out several 
other elementary texts, including ‘“‘Sacred and Profane 
History Epitomized” (1806), “Epitome of Ancient and 
Modern History” (1822), and “Short Introduction to 
English Grammer” (4th ed., 1812), but none of these 
was as successful as the “Grammar of Chemistry.” 

Evidently Tucker knew only enough chemistry to 
teach the subject, although well, for there are no 
papers under his name in the journals of the time. He 
undoubtedly was influenced in designing his course 
specifically for girls by his service on the faculty of the 
Young Ladies Academy of Philadelphia, a long- 
established and respected girls’ school. The Academy 
may even have inspired him to teach chemistry, for it 
was here some thirty years earlier that Benjamin Rush, 
Professor of Chemistry at the University of Pennsyl- 
vania, gave the first chemistry course for girls in the 
United States, perhaps in the world.® 

Up to 1836, Tucker’s name and address appeared in 
the Philadelphia directories. In 1837 his name was no 
longer mentioned. Presumably he died around this 
time. 

James Cutbush, an early American chemist with 
antiquarian leanings, memorialized Tucker’s services to 
chemical education with these words: “For the 


‘Tbid., Oct. 24, 1811, Oct. 24, 1812. 

5 Paxton’s Directory, 1813, p. evi. 

Rush’s course is described in: “Benjamin 
Rush, Chemist,’’ Chymia, 4, 63-5 (1953). 


Economical. Uyraratus 
of Dr. Woodhouse 


PP TReferred to§by\Benjamin Tucker in his “Grammar of 
Chemistry"’ 


introduction of popular chemistry, the citizens of 
Philadelphia are also indebted to... Mr. Benjamin 
Tucker, who...taught chemistry with much zeal 
and talents.’” 


7 Cursusn, James, ‘Philosophy of Experimental Chemistry”’ 
(Philadelphia, 1813) I, p. x. 


Repercussions from a Chem-Gem 


WHILE awaiting the professor’s arrival at a final examination in advanced organic chemistry at 
The University of Texas, one of the students wrote on the board the formula of “‘hexamethy] bath - 
room tile’ (J. Cem. Epuc., 33, 35 (1956)) with the accompanying demand: ‘Write all the con- 
tributing resonance structures for this compound.’’ The professor arrived with the mimeographed 
examination questions and a good laugh was enjoyed by all those present when he noticed the 
question written on the board. The examination quickly got underway and the episode was soon 
forgotten by all—or so the professor thought until he began grading the papers and came to two 
pages of resonance structures of “hexamethyl bathroom tile’’ dutifully and laboriously executed 
by an unfortunate student who had slipped in a little too late to learn that the question on the 


I was somewhat shocked to see such an obvious error as hexamethy] bathroom tile listed in your 


board was not a bona fide addendum to the mimeographed questions! 


ROYSTON M. ROBERTS 


magazine. Anyone who has studied chemical nomenclature will recognize the validity of von 
Schwingheidt’s hypothesis (Zeitschrift fur nomenklatur Chemie, 143, 1477-89 (1947)) that the 
structure for this compound cannot be symmetrical. This is because of the high potential con- 
centration of unionized hydroxy] in the immediate vicinity. I believe you will find the correct 


name is sym. hexamethy! chickenwire. 


MAXEY BROOKE 


Page the 
Pneumatic, Tub 
is 
Pigt. ‘ 
= 
ents. 
ments. 
G 
er the 
i 
ER 
ill 
Nf 
Wy 
‘ 
| 
SSS 
| 


T wentiern century chemistry shows a growth and 
application unparalleled in the history of chemistry. 
Currently it is criticized on two grounds. First, there 
has been a notable slackening in the rate of emergence 
of new basic ideas of the first rank, especially in the last 
two decades. Second, there has been an unprecedented 
expansion of applied chemical research, thought to be at 
the expense of basic research. Historical examination of 
twentieth century chemistry offers one way of putting 
such criticisms into perspective. 

The growth of twentieth century chemistry is part 
of a vast new upsurge in the importance of scientific 
attitudes and accomplishments. The acceleration of 
the study and use of science in the twentieth century 
characterizes a second industrial revolution, more far- 
reaching than the earlier industrial revolution first 
described by the elder Toynbee in 1870. Both indus- 
trial revolutions have occurred against the back- 
ground of the unique historical development of intel- 
lectual and material power within Western Civilization. 


HISTORICAL EVENTS AND HISTORICAL FORCES 


History is concerned with events, with their inter- 
actions to give rise to yet other events, and with the 
merging of events and interactions to provide causal 
backgrounds for accumulations of human motivations 
whose influence is large in space and time. Accumula- 
tions possessing intellectual potency and commanding 
the exercise of material power are historical forces. 
At a given time and place historical forces shape events 
in a manner and in a measure that balks notions that 
mankind can easily govern more than its very immedi- 
ate future. 

Historical events may either be important of them- 
selves, or else they may only be important because they 
are typical of a vast assemblage of similar events. 
Outstanding events are relatively rare. Latently out- 
standing events, like Lomonossov’s anticipation of 
physical chemistry a century too early, count for little 
in history. Personal genius is equally unimportant 
unless exhibited at the right time and place. Thus, 
outstanding events represent only a small proportion of 
the acts of decision or genius that men are capable of, 
and such capabilities are of themselves relatively un- 
common. 

Events which do not require the exercise of more than 
ordinary capabilities occur much more frequently. In 
the instance of everyday events, the frequence of 
occurrence of certain ones may be such that their 
interactions with each other and with related events 

1 Presented before the Division of History of Chemistry at the 


130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 
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HISTORICAL PERSPECTIVES IN TWENTIETH 
CENTURY CHEMISTRY’ 


JACK J. BULLOFF 
Battelle Memorial Institute, Columbus, Ohio 


may constitute a growing historical force. Where a 
given number of events can inspire or influence a larger 
number of subsequent events, interactions may increase 
progressively in frequency, scope, and complexity. 
Carl Becker advanced as a principle of history the 
assertion that such progressive ramifications of events 
and forces must occur increasingly with the passage of 
time, thus shortening the time-scale of history.” This 
phenomenon of history is known as “self-acceleration.” 

The combined effects of the self-acceleration of 
history in time and space, and of the cumulative 
influence of a few large and many small effects on 
human progress give to the history of human progress 
a character of flow and ebb. This ebb and flow can 
be used to mark history into periods. The periods of 
history show the common sequence of rise, flowering, 
and decline. In the history of intellectual forces, this 
sequence is exhibited as a cycle in which new ideas gain 
acceptance against dogmatic resistance, systems of 
thought based on the new ideas arise, the established 
systems become demonstrably inadequate, and newer 
ideas are born. 

The history of chemical ideas shows how several of 
these cycles of the intellect have occurred since pre- 
alchemistic days. The rise and decline of the al- 


chemistic, iatrochemical, and phlogistic periods in the | 


history of chemistry, and the rise of the period of 
chemistry based on the atomic-molecular hypothesis 
have been described in many publications. The decline 
of the “atomic-molecular” period in the history of 
chemistry has yet to be recognized despite its complete- 
ness. In today’s progress, the upset of ideas is accom- 
panied not so much by rejection as it is by reabsorption 
into a larger framework. This has served to obscure 
the fact that in recent chemistry intellectual changes 
have occurred more rapidly than is commonly realized. 
The chief feature of twentieth century chemistry up to 
the present is the emergence of a new period in the history 
of chemistry, based on the fruits of a twentieth century 
revolution in physics which included the burgeoning de- 
velopment of subatomic knowledge. Western Civiliza- 
tion no longer operates in centuries; in a very few decades 
the “electronic-nuclear” period in the history of chemis- 
try has emerged and reached a startling maturity. 
Another feature of twentieth century chemistry is its 
involvement in the practical affairs of mankind. This 
goes much further than the mere use of chemical 
research in the technical assistance of industrial, 
agricultural, and extractive production. The impact 
of technological advances on the attainment of econ 
prosperity and national security has fostered a growing 
? Becker, Cari, “Progress and Power,” Alfred A. \nopl, 
New York, 1949. 
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recognition of science’s intellectual potency and 
material power. * Factors as yet dimly seen are changing 
the appearance of chemistry both as a discipline and as 
a profession. 


THE SECOND INDUSTRIAL REVOLUTION 


Modern Western Civilization orginated in a renas- 
cent zeal for human enlightment. Its unique feature 
has been the use of knowledge to seek more knowledge. 
Increasing enlightenment has brought to men the 
view that improvements in intellectual and material 
comfort are a birthright. The industrial revolution 
and the American revolution arose out of such ideas. 

At first technology used extant scientific results, and 
the engineer represented the forefront of expanding 
production. As industry began to encourage and then 
to direct research, the industrial scientist replaced the 
engineer as the architect of future technology. As this 
occurred, the time-scale of industrial progress shrank 
along with that of geographic distance and social 
progress. 

Changes in degree can become so great as to be 
changes in kind. Today’s social outlook and material 
productivity differ from those of the days of Charles 
Dickens and Karl Marx as those of their time differed 
from those of the time of Shakespeare and Galileo. A 
second industrial revolution has emerged, and covers 
not only Europe but the world. Its intellectual 
leadership is American rather than European, and its 
spirit, especially in Asia, is that of the continuing 
American revolution of Parrington and Zucker, rather 
than that of nineteenth century nationalism. 

The second industrial revolution is not characterized 
by a one-sided impact of industrial research on society. 
Technology has revolutionized science fully as much as 
science has revolutionized technology. Scientists, once 
odd avocationists, and later academic ornaments, now 
form a numerous vital profession encountered by their 
fellow men in schools, in business, in public service, and 
in everyday news. A greater proportion of this larger 
number of scientists can devote more of their time to 
research than was heretofore possible. Progress in 
production and technology has given each research 
worker resources and equipment which multiply his 
hourly productivity manyfold.* 

This multiplication of productivity has interacted 
self-acceleratedly, and today a vast literature, in some 
50,000 periodicals, speeds its present course but 
threatens, as it grows beyond manageable limits, to 
limit the rate of its increase. The reorganization of 
knowledge and the creation of an improved profession 
to manage it are inevitable. Despite these looming 
problems, the need for more scientific productivity is 
so patent that enhanced scientific recruitment is on the 
program of all industries and all governments. 

In Russia, the continuing counterattack against the 
technology of the democracies is on two fronts. The 
first is the use of every means possible to force a 
climate within communism that will favor a greater 
growth in the numbers and productivity of scientists. 
The second is the demeaning of “Western Science” and 


* Rosinson, Str Rosert, “Organic Chemistry at the Cross- 
toads,” The Priestley Medal Award Address before the 124th 
= of the American Chemical Society, Chicago, September, 
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the glorification of ‘Marxist Science,” conducted 
essentially to conceal the fact that science itself is 
responsible for the inapplicability of Marxism as a 
criticism of history and as a blueprint for social progress. 
Marxism could only have competed against a static 
economic society incapable of creating mass markets 
for its mass products. Science gave capitalism its 
most dynamic aspects and promise. 


THE RISE OF TWENTIETH CENTURY PHYSICS 


The doom of the ether and the heat-death of the 
universe brought the vast system of nineteenth century 
physics to a sharp crisis. Great ideas occur at rare 
intervals to rare spirits. Fortunately for physics, the 
genius of Planck and of Einstein came to the fore 
without too discouraging a wait. Acts of genius 
inspire others on occasion, and the first decades of the 
twentieth century found physics abounding with new 
experimental discoveries and new theoretical ideas 
bearing out the tremendous suggestions of the quantum 
and relativity theories. 

When old beliefs are in disrepute and new ones have 
yet to crystallize, the chaos of nature is reinforced by 
the chaos of man’s attempts to find the reassurance of 
order in nature. Surviving ideas and novel approaches 
are tied in odd harness and hitched to key problems. 
The earlier years of twentieth century atomic physics 
saw the rise and discard of the Rutherford, Bohr, 
Sommerfeld, de Broglie, Schrodinger, and Heisenberg 
dynamic models. By 1924 the description of the ex- 
tranuclear atom seemed so complete that the study of 
assemblages of atoms and of atomic nuclei began to 
open diverging fronts in the new physics. 

Beginning attacks on the physical problems of 
atomic nuclei had as their byproduct the production 
of energies and materials that are of prodigious portent 
to man’s future. Continuing attacks on these prob- 
lems, especially in the higher energies more significant 
to meson than to nucleon study, seem to indicate that 
yet another intellectual upset is to occur in the basic 
concepts of physics. The fall of parity conservation 
and the failure of the unified field to mesh with particle 
field theory are but two signs that physics has to go 
quite far before it can regain the destroyed unity of 
nineteenth century physics. 

The part of the present revolution in physical 
thought which has most complete relation to chemistry 
seems either complete or in abeyance. The fields of 
physics in which basic activity is most fertile seem to be 
quite remote from direct connection with chemical 
phenomena as known today. It can be stated that for 
a quarter of a century, progress in physics has not upset 
the current bases of chemical thought. 


THE RISE OF THE ‘“‘ELECTRONIC-NUCLEAR" PERIOD 


When physicists studied subatomic phenomena, 
chemists turned to it for explanation of valence, 
bonding, structure, reactivity, and numerous other 
questions not solvable within the atomic-molecular 
hypothesis. The dynamic models of the physicists 
inspired the early static models of atomic structure 
with which Kossel, Bury, Lewis, and Langmuir, among 
others, laid the basis for an electronic theory of valence. 
As quantum mechanics became a stabilized discipline 
capable of forefront utilization by chemists, work like 
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that of Linus Pauling set the stage for more detailed 
and accurate theories of valency and the chemical 
bond. A generation ago, quantum chemistry was as 
complete in principle as classical mechanics; in theory 
it included all chemical systems and could calculate 
their parameters completely, given sufficient mathe- 
matical tools.* 

Quantum chemistry has interacted with the older 
branches of chemistry and with some of the newer ones 
to form a new discipline of first rank importance, 
“chemical physics.”” Chemical physics is a system of 
chemical thought that has reached considerable 
maturity, and within it feverish discovery of new 
principles is not to be expected. This fact alone gives 
to twentieth century chemistry an aspect of slowed 
progress in the rate of production of basic ideas. This 
slowed progress is to be expected at this stage of 
development of the electronic-nuclear period of chem- 
istry. Neither industry nor Soviet can do aught 
within this system to restore the appearance of pi- 
oneering progress of decades ago. This awaits still 
another scientific revolution from without the present 
system of chemical thought. 

The electronic-nuclear period in chemistry has seen 
the rise of new branches of chemistry, such as structural 
chemistry, nuclear chemistry, and geochemistry, in 
addition to that of chemical physics. There have also 
been relative shifts in the rate of basic and applied 
growth among the older branches of chemistry. This 
has been caused largely by the remarkable resurgence 


4 Eyrina, H., J. G. E. “Quantum Chemis- 
try,” John Wiley & Sons, Inc., New York, 1944. 


of inorganic chemistry, mainly in the second, anc 
certainly into the third, quarter of the century. Analyt- 
ical, physical, organic, and biological chemistry hav:- 
benefited greatly by these developments, even thoug!, 
some of them have been rivals in attracting talents an:| 
funds. 

As phenomena beyond the grasp of atomic-molecul: r 
concepts have gradually been explained and coord - 
nated by the use of electronic and nuclear ideas, tle 
forefronts of nineteenth century chemistry have 
gradually been pushed either into the realm of eleme:- 
tary textbooks or into a group of highly specialized 
studies. The chemistry of today differs from that of 
Arrhenius, Ostwald, and van’t Hoff as much as theirs 
differed from that of Priestley, Cavendish, and Black. 
This is the measure of the maturity of the electronic- 
nuclear period in the history of chemistry. 


CONCLUSIONS 


Twentieth century chemistry is yet to experience 
its greatest expansion. The electronic-nuclear period 
is well developed and gives chemistry today a powerful 
and useful system of chemical thought. The second 
industrial revolution increases the productivity of 
research greatly. 

New basic ideas of the first rank cannot occur within 
the now completed framework of chemical physics. 
Such ideas are not being inspired in chemistry by the 
new directions in modern physics. If such ideas are to 
arise in large numbers, they must come from advance in 
an area of science outside of quantum chemistry. The 
rise of applied research will not discourage such advance. 


Waar is the generic name of a drug? The adjective 
generic obviously comes from the Latin word genus and 
suggests classification into genera as is the practice in 
botany and zoology. Actually the term is a misnomer 
as used in the drug field. The generic name does not 
relate to a class or genus of drugs; it denotes a single 
drug. Generic here is taken as opposed to specific. 
Specific applies to the trademark (also called brand 
or proprietary name) which is specific to one sole 
owner, while the generic name is nonproprietary. 
The term nonproprietary is more accurate and de- 
scriptive, but generic sounds better, is shorter and 
easier to pronounce—and so will probably stay with us 
for a long time to come, although it is a contradictory 
term. It most decidedly does not describe a genus or 
kind of products common to all the pharmaceutical 

' Presented before the Division of Chemical Literature at the 


131st Meeting of the American Chemical Society, Miami, April, 
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GENERIC NAMES OF DRUGS' 


PAUL G. STECHER 
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trade. It does denote or should denote a unique sub- 
stance definable in chemical nomenclature as a single 
chemical compound not to be confused with any other 
substance of the same kind or belonging in the same 
group of drugs. This definition has been broadened 
to allow the coining of generic names for natura! ag- 
gregates of substances such as extracts of plant or ani- 
mal origin, but excludes proprietary mixtures where 
each component has its own generic name. 

Generic names are devised to prevent loss o! the 
trademark and to make drug identification easier for 
physicians, pharmacists, purchasing agents, and others 
not trained in chemical nomenclature. Chemical 
names are used as generic names where they are sul- 
ficiently simple and do not contain numbers or =ym- 
bols. Such is the case with most inorganic and « few 
organic drugs, and nobody will want to simplify such 
names as sodium bromide, sodium perborate, hydioge? 
peroxide, or glycerin. Most organic substances, |\0W- 
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ever, require a generic name. It is one of the rules of 
prescription writing that no number or symbol shall be 
appended to a drug name unless it denotes dosage or 
quantity. This rules out most systematic chemical 
names of organic drugs. 


GENERIC NAMES AND TRADEMARKS 


Usually a generic name should be longer than the 
trademark, yet still easy to pronounce, because non-use 
oi ageneric name may result in the loss of the proprietary 
nature of the trademark just as easily as the neglect to 
coin a generic name at all. If a trademark becomes the 
common name of an article or substance, that is, if it is 
used as a generic name, it ceases to function as a trade- 
mark and can no longer be retained as the exclusive 
property of a particular manufacturer. The trade- 
mark then falls into the public domain and becomes a 
generic name in everybody’s language. This has hap- 
pened to such words as cellophane, aspirin, escalator, 
nylon, and shredded wheat. These former trademarks 
have been declared generic by the courts and no further 
proprietary claims can be made upon them. A remark- 
able exception is Vaseline®. Although an official desig- 
nation in most European pharmacopeias, Vaseline” 
is the registered and fully maintained trademark of 
Chesebrough-Pond’s, Inc., for its line of products, the 
best known of which is petroleum jeliy. The correct 
way of referring to this product therefore is Vaseline”, 
Chesebrough-Pond’s brand of petroleum jelly. (The 
symbol ® indicates that the trademark is registered at 
the U. S. Patent Office.) If any manufacturer’s prod- 
uct is meant, the generic name only should be used, 
which in this case is “petroleum jelly.” 

There is considerable confusion in the chemical lit- 
erature as to the difference between the terms trademark 
and tradename. A trademark relates to a commodity 
and is synonymous with brand or proprietary name. 
A tradename relates to a business and is synonymous 
with the company name (/). 

How are generic names of drugs publicized? Usually 
the manufacturer coins the generic name and notifies 
the Council on Drugs of the American Medical Associa- 
tion. Upon approval by this council the new generic 
name may be referred to as ‘‘council-adopted”’ and will 
be published in the “Journal of the American Medical 
Association.”” Much later, usually several years later, 
if the drug is fortunate enough to be accepted into one 
of the official compendia, such as the ‘“Pharmacopeia of 
the United States of America’’ (2), or the “National 
Formulary” (3), its generic name may be referred to as 
an official generic name. After the council has agreed 
that the generic name is fitting and proper, it is usually 
sent to the Combined Trademark Bureau for publica- 
tion in its journal (4). In the normal course of events 
the Federal Food’ and Drug Administration, the U. 8. 
Pharmacopeia Commission, and the World Health 
Organization are also notified. Any one of these 
agencies alerts the manufacturer of an already existing 
generic name which, of course, voids the new proposal. 

Immediately upon acceptance the new generic name 
should also be published in the scientific literature. 
This is best done by a footnote in a chemical journal. 
Supposing the title reads “The Synthesis of p-4-Amino- 
sisoxazolidone,” then the footnote should read: 
“Generic name cycloserine. The trademark of Merck & 
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Co., Inc., for cycloserine is Oxamycin.” Such a pro- 
cedure is a good introduction for a new drug since it 
acquaints the reader at once with the three important 
names every drug should have: chemical name, generic 
name, and brand name. Naturally other manufactur- 
ers or distributors will have different brand names, and 
it is not unusual for a popular drug to have as many as 
20 brand names. It is imperative that a generic name 
be available as soon as the drug is made available to cli- 
nicians. When the tumor-indicating agent 2-(1-piperi- 
dylmethyl)-1,4-benzodioxan was developed, no generic 
name was ready with the unfortunate result that just 
benzodioxane began cropping up in the medical litera- 
ture to designate this drug. It was later given the ge- 
neric name piperoxan and the trademark Benodaine”™. 


COINING GENERIC NAMES 


A generic name must either be identical with the 
chemical name (examples: phenol, methanol) or it 
should have no chemical meaning at all (examples: 
bethanechol, edathamil). When a generic name is 
coined by contraction of a chemical name, great care 
must be taken that the generic name has no chemical 
meaning. Good example: cortisone from 11-dehydro- 
17-hydroxycorticosterone. Bad example: allyl barbi- 
turic acid from 5-allyl-5-isobutylbarbiturie acid. Usu- 
ally elimination of a radical still leaves a chemical com- 
pound for which a structure can be written. Another 
bad example is sulfacetamide. According to the last 
revision of the United States Pharmacopeia [U.S.P. 
XV] (2) this is 


The generic name sulfacetamide patently is a contrac- 
tion of sulfanilylacetamide but is subject to the follow- 
ing misinterpretation: Acetamide is H.NCOCHs, and 
sulfamide (5) has the formula H».NSO.NH2;  sulfacet- 
amide can therefore be interpreted as having the for- 
mula H,NSO,.NHCOCH;. This is quite different from 
the drug described. in the pharmacopeia, which is 
really N'-acetylsulfanilamide. 

Likewise the generic name must not carry any thera- 
peutic connotation. Proposals of generic names such 
as antigoutine or dormazal are certain to be turned down 
by the Council on Drugs of the American Medical Asso- 
ciation. More latitude seems to exist in the coining of 
trademarks as is evidenced by such names as Dormison 
and Suavitil. It is the strict law of every state in the 
Union that a druggist cannot substitute another manu- 
facturer’s brand when the trademark appears on the pre- 
scription. As a consequence, manufacturers, wanting 
to promote their particular brand, and to avoid non-use 
of the trademark (which may result in its loss) are apt 
to choose awkward generic names, example chlorpro- 
phenpyridamine maleate. No medical doctor is going to 
write this on a prescription when there is an easy trade- 
mark such as Chlor-Trimeton®. 


CHECKING FOR INTERFERENCE 


One must search far and wide to find a new name 
which does not conflict with some other drug’s name al- 
ready established. It is quite necessary to make sure 
that there is no possible confusion or conflict with an- 
other generic name nor with any chemical name nor 
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with any trademark. You may think that your 
chosen generic name does not interfere with a given 
trademark, but the patent and trademark attorneys of 
your competitor are likely to prove otherwise. The orig- 
inal generic name for the antihistaminic Neo Antergan® 
was pyranisamine. This had to be changed to pyrila- 
mine because of possible interference with the trademark 
Pyribenzamine®, also an antihistaminic. Sometimes 
two generic names are necessary to distinguish between 
different grades of the same substance: hexamethylene- 
tetramine is called hexamine when a technical or rea- 
gent grade is involved and methenamine when a medic- 
inal grade is meant. Similarly for medicinal calcium 
cyanamide the generic name carbimide has been pro- 
posed. Neither generic nor brand name should give 
offense in foreign countries. An aerosol preparation 
of cortisone could well be called Cortomist, sounding 
rather elegant in the U.S.A., but sales would drop off 
sharply in Germany where the word Mist means dung. 
In the bibliography are given the titles of some domes- 
tic and foreign compendia which facilitate such a search 
(6-14). It goes without saying that the subject-in- 
dexes to all abstracts journals usually found in chemical 
and medical libraries must be consulted also. 


FUTURE CONSIDERATIONS 


Because of the increasing number of new drugs (some 
35 per month the world over, not counting combina- 
tions) coiners of new generic names are running out of 
the necessary meaningless combinations of syllables, 
and electronic brains are asked to provide more syllabic 
combinations than the human brain can imagine. This 
is only a temporary answer, since the limitation is arith- 
metical. Already coiners of trademarks are using geo- 
graphical maps, for example Miltown (generic name: 
meprobamate, chemical name: 2-methyl-2-propyl-1,3- 
propanediol dicarbamate) and Metuchen (chemical 


name: 2,2-diethyl-1,3-propanediol dicarbamate). Per- 
haps coiners of generic names should consult star map-. 
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AN INDUSTRY-SPONSORED PROGRAM FOR GIFTED HIGH-SCHOOL STUDENTS 


Tue nature of the times in which we live demands special provision for the education of the gifted 
in science. Factors inherent in mass public education frequently work counter to the interests and 
aspirations of the industrious, the ambitious, and the talented. The resources of professional so- 
cieties and of local science-based industries can be used to advantage in meeting the needs of those 
with a bent for science. The program of the Secondary Education Committee of the Western New 
York Section, American Chemical Society, is noteworthy in this respect. 

A group of 34 selected seniors representing 26 different high schools in the Niagara Frontier 
area meets regularly at the facilities of a host industry. Two students represent the larger schools. 
Each student has been recommended by his principal and science teacher as being the outstanding 
senior in terms of scientific potential and interest. Each intends to pursue a career in science or en- 


gineering. ‘ 


The usual program of the weekly meetings consists of a dinner at a plant, a guided tour of the 
plant operations or of the research laboratory, and a technical lecture based on the company’s 
technology. The address may be given by a director of research, a manager of technical services, 
or a vice-president. Topics have included such frontier areas of science as ‘‘Hydrazine: The 
Evolution of a New Chemical,’’ “Ore Beneficiation,’’ and ‘‘Taking the Measure of Flight.’’ The 
discussion period usually reveals through searching questions on the part of these boys and girls 
(four of the latter) a deep knowledge and wide range of interest, whether the discussion involves 
such specialized topics as computers, transistors, or polyesters. 

They are the type of students who profit greatly from contact with each other, the type who 
four years hence will be wined, dined, and wooed by personnel administrators and directors of 
research in the hope of attracting them to employment. More important, these young people are 
typical of the hope for the future. The provision of special experiences for the gifted students in 
science by the industrial community of the Niagara Frontier is intended to help fit them better for 


their future responsibilities. 


ROLLAND J. GLADIEUX 


Metals Rescarch Laboratories, Electro Metallurgical Company 


Niagara Falls, New York 
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Ir was shown in a series of papers! that in many 
instances spot tests and drop reaction provide a val- 
uable teaching aid for a variety of chemical facts and 
principles. Certain laws and principles may be dem- 
onstrated at the lecture table and, if need be, enlarged 
by projection apparatus. Such spot reaction demon- 
strations offer not merely a supplement to well-known 
large-scale demonstrations. The simplicity, the slight 
consumption of material and time also make the rep- 
etition of such experiments feasible by the individual 
student, who thus is made acquainted with the tech- 
nique of working with small quantities of materials. 

The examples described in the earlier papers dealt 
primarily with inorganic chemistry, in conformity 
with the fact that for a long time inorganic analysis 
was the preferred field for spot reactions. Recently 
there has been a marked development of organic spot 
test analysis,? which was guided in large measure by 
the experiences and modes of thought that are included 
in the chemistry of specific, selective, and sensitive 
reactions. The development of new spot tests for 
organic analysis led to the discovery of reaction modes 
of organic compounds, which are of interest as spot 
tests for teaching purposes. 


PYROLYSIS OF ORGANIC COMPOUNDS 


The dry heating (pyrolysis) of organic compounds 
sometimes yields characteristic gaseous products whose 
detection or identification may give information of 
value in the so-called “preliminary examination” of 
samples in qualitative organic analysis.‘ Little is 
known about the mechanism of pyrolytic cleavages. 
They may often involve various kinds of reactions, 
which proceed simultaneously or in succession, de- 
pending on the nature of the particular organic com- 
pounds (presence of certain groups), the conditions 
of heating (temperature range and rate of heating), 
and the presence of other organic or inorganic ma- 
terials. Pyrolysis often involves also redox reactions 
and hydrolytic fissions. For example, heating an or- 
ganic material with potassium nitrate yields nitrous 
acid, which can readily be detected in the gas phase 
by the familiar Griess reaction. 

This formation of nitrous acid may be accounted for 


‘Perici, F., J. Cuem. Epuc., 20, 137, 174, 240, 294, 300 (1943); 
21, 347, 479 (1944); 22, 36, 342, 554 (1945); Feran, F., anp G. 
B. Her-ia, J. Cuem. Epuc., 29, 192 (1952). 

*Feict, F., “Spot Tests in Organic Analysis,” 5th ed., Else- 
vier, New York, 1956. 

*Feict, F., “Chemistry of Specific, Selective and Sensitive 
Reactions,” Academic Press, New York, 1949. 

“See footnote 2, p. 65. 
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SPOT REACTION EXPERIMENTS 


FRITZ FEIGL 


ae aaa da Producao Mineral, Rio de Janeiro, 
r 

(Translated by Ralph E. Oesper, 

University of Cincinnati) 


as follows: The contact of carbonaceous pyrolysis 
products (solid, liquid, gaseous) with hot solid po- 
tassium nitrate gives rise to a topochemical solid-body 
reaction which can be represented schematically by the 
equation 


2KNO; + C — 2KNO, + CO, 


(Analogous redox reactions involving solid molybdic 
trioxide and potassium iodate are also used for the 
detection of carbon-bearing compounds.') The py- 
rolysis of organic compounds containing hydrogen and 
oxygen always leads to the release of water at tempera- 
tures far above its boiling point. Under such condi- 
tions, the water is present as a sort of superheated 
steam and acts as such. Accordingly, hydrolysis may 
follow the nitrite-formation just shown: 


KNO, + H,O — KOH + HNO, 


It is obvious that, at the prevailing temperature, 
the nitrous acid will be produced and then volatilized 
to a much greater extent than is possible in a similar 
hydrolysis in aqueous solution. Consequently, the 
generation of nitrous acid when organic compounds are 
heated with an alkali nitrate provides a clear proof 
that redox reactions and hydrolytic decompositions 
are possible during the pyrolysis of organic compounds. 


Procedure: A micro test tube is used. A few milligrams of a 
dry mixture of potassium nitrate and sugar are introduced and 
the mouth of the tube is covered with a strip of filter paper 
moistened with Griess reagent. The mixture is then heated to 
carbonization or caramelization over a micro burner. A red 


stain appears on the reagent paper because of the generation of 
nitrous acid. 


Reagent: A freshly prepared mixture of equal volumes of a 
1% solution of sulfanilic acid in 30% acetic acid and a 1% solu- 
tion of a-naphthylamine in 30% acetic acid. 


REDUCTION OF NITRIC ACID BY BENZOYL PEROXIDE 


The familiar fact that nitric acid is reduced to 
nitrous acid by nascent hydrogen is often employed in 
analysis. Therefore, it is surprising that this re- 
duction can also be accomplished by means of ben- 
zoyl peroxide, which is frequently used in organic 
preparation work as an oxidant. The reaction be- 
tween nitric acid and benzoyl peroxide (if water is 
excluded) proceeds: 


HNO; + (CsH;CO).O. — (CsH;CO),O + O. + HNO, 


There may be an initial production of pernitric acid, 
which decomposes: 


HNO, ~ HNO, + O: 


5 F., anp D. Mikrochim. Acta, 1956, 1317. 
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In this reduction of nitric to nitrous acid, benzoyl 
peroxide shows itself as an organic derivative of hy- 
drogen peroxide, which is well known to function as a 
reducing agent. Typical instances are the reduction 
in acid surroundings of MnQ,~, Fe(CNS)~*, and Aut? 
ions, as well as the reduction in alkaline surroundings of 
alkali hypohalogenites to alkali halides. 

Procedure: A micro drop of concentrated nitric acid or a small 
amount of the nitrate of an aliphatic base is mixed with 1 centi- 
gram of benzoy] peroxide in a micro test tube. The mouth of the 
tube is covered with a disc of filter paper moistened with Griess 
reagent (compare above). The test tube is then piaced in boiling 
water. A red stain due to nitrous acid appears almost at once 
with nitric acid, and after 2 minutes at most with a solid nitrate 
of an aliphatic base. 

PRODUCTION OF SULFUR DIOXIDE FROM THIOUREA 
BY BENZOYL PEROXIDE 


If thiourea is heated with benzoyl peroxide (m.p. 
106°) there results a characteristic replacement of the 
sulfur with formation of sulfur dioxide: 


NH, NH, 
+ 3(C.H;CO).02 — OC 
NH: NH, 


This redox reaction, cannot be realized in the wet way 
with hydrogen peroxide and its derivatives. The fol- 
lowing experiment accordingly clearly demonstrates a 
hitherto unknown reaction mode of fused benzoyl 
peroxide. Other characteristic oxidative decomposi- 
tions which may be accomplished with benzoyl per- 
oxide and which are useful in analysis are given in 
Chapter IV of “Spot Tests in Organic Analysis.’” 
The sulfur dioxide formed from the thiourea can be 
sensitively detected by the conversion of green nickelous 
hydroxide into the black oxy-hydrate of nickel(III) or 
nickel(IV) in the autoxidation of sulfur dioxide.® 


+ 3(CsH,CO),0 + SOz 


6 Fera., F., anp E. FRAENKEL, Ber., 65, 545 (1932). 


Other organic compounds containing >CS (thio- 
keto) groups give an analogous reaction. This has le’ 
to the development of a test for this functional group 


Procedure: A milligram or two of thiourea is treated in a mic o 
test tube with a drop of a 10% solution of benzoy] peroxide in be \\- 
zene. The mixture is taken to dryness in a water bath. Tie 
mouth of the tube is covered with a strip of filter paper impre z- 
nated with nickelous hydroxide. The tube is immersed in a gl) - 
erol bath that has previously been brought to 120°. A black 
stain appears on the green paper within 1-2 minutes. 

Reagent paper: Strips of filter paper are bathed in a 30% so!u- 
tion of NiSO,-6H.0 in concentrated ammonium hydroxide. The 
strips are dried and then bathed for several minutes in 1 N sodium 
hydroxide to obtain a homogeneous deposition of Ni(OH), in 
the pores of the paper. The paper should be washed with watcr, 
but it should not be allowed to dry. If stored over moist cotion 
wool, it will keep for months. 


LOSS OF SULFUR DIOXIDE FROM THIOGLYCOLIC 
ACID BY REACTION WITH BENZOYL PEROXIDE 


A singular mode of reaction of benzoyl peroxide was 
described above. Much more amazing is the finding 
that thioglycolic acid is not oxidized to disulfide by 
benzoyl peroxide (as is the rule with aliphatic and 
aromatic compounds containing SH-groups). The 
following equation can be written for the reaction which 
takes place at even as low a temperature as 100°C. 


HS—CH.—COOH + (CsH;CO).0. 
(CsH;CO),0 + OCHCOOH + 


The resulting hydrogen sulfide may be readily detected 
by means of lead acetate paper. 

Other aliphatic thiol compounds behave analogously. 
This finding has led to the development of a test for 
this class of compounds. 


Procedure: A micro drop of concentrated thioglycolic acid is 
treated with several milligrams of benzoyl] peroxide in a micro test 
tube. The open end of the tube is covered with a disc of moist 
lead acetate paper. The test tube is dipped into boiling water. 
A black stain, due to the hydrogen sulfide formed, appears aimost 
immediately. 


To the Editor: 

Professor Donohue’s Letter to the Editor (p. 310 of 
June 1957 issue) accuses me of concluding “that on 
morphological grounds alone, there is no suitable or 
satisfactory terminology for crystal classes.” I made 
no such statement; I regard this as a false accusation; 
moreover, it just ain't so. But I see no reason to offer 
such a classification of crystal classes to the J.C.E; 
it is available in nearly every text-book of crystallog- 
raphy. I presented a classification of crystals into 
systems based on minimum symmetry. 

The table in Bunn referred to by Donohue presents a 
classification based on essential symmetry that cer- 


tainly has resemblances to the one I gave; but the two 
are far from identical. Moreover Bunn’s table con- 
tains what Mysels (Jan. 1957, p. 40) calls an “Erroneous 
Classification of Crystal Systems,” and by referring to 
it without qualification Donohue tends to subvert the 
laudatory purpose of Mysels’ article. 

1 see little value in trying to divide the hexagonal sys- 
tem (unrestricted sense) into two subsystems. But if 
this is done (as Mysels did) then the use of the term 
trigonal as by the International Union of Crystallog- 
raphy to exclude classes 6 and 6 m 2 (called by Groth 
the trigonal dipyramidal and the ditrigonal dipyramidal 
classes) is highly anomalous, since these two classes 
bristle with trigonal and ditrigonal crystal forms. 
Crystal structure is only a part of the science of crys- 
tallography. Donohue’s comparison of the relation be- 
tween rhombohedral and simple trigonal (hexagonal) 
cells as being similar to the relation among the ison ctric 
(cubic) ones is not a particularly happy analogy, ~ince 
the first two are primitive, whereas only the simple  ubi¢ 
(of the three isometric cells) is primitive. 


D. JEROME FISHER 


DEPARTMENT OF GEOLOGY 
UNIVERSITY OF CHICAGO 
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Tie elementary derivation of PV = '/3; nme?, for an 
ideal gas, usually proceeds from a consideration of 
molecules moving freely in a cubic container. But the 
practical apparatus, customarily used to verify Boyle’s 
law, approximates a sphere in shape so that the follow- 
ing derivation has been evolved. It is somewhat 
similar to one given by T. Boyer in the School Science 
Review, 21, No. 81, p. 747 (1939). 

Consider one perfectly elastic molecule of mass, 
m, and of negligible volume, moving with velocity, 
u, inside a sphere of radius, r (Fig. 1). Suppose that 
when the molecule strikes the sphere at B its path 
makes an angle with the radius OB. Because the mole- 
cule is perfectly elastic! ABO = OBC = BCO = ..... = 
6, and BC = CD = ...... = 2r cos 8, which is the dis- 
tance between collisions. 

The time taken by the molecule to travel this dis- 
tance will be 


2r cos B 
(I) 


Hence the number of collisions/sec. will be 


2r cos B 


On collision with the sphere, the momentum change 
along a radius will be from mw cos 8 towards B to 
mu, cos 8 away from B, i.e., 2m,u, cos B, while the 
momentum of the molecule perpendicular to the 
radius will remain unaltered. 

Therefore, change of momentum of one molecule 
per second will be 


2m,u, cos 8B = —— 
B r 


This result is perfectly general and true for all values 
of 8. 


‘A statistical truth. A subelastic collision involves energy 
loss in the form of heat. But on a molecular scale such “heat’’ 
would augment the kinetic energy of other molecules, making 


them superelastic. The over-all picture is one of perfect elastic- 
ity. 


A 
Figure 1 
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a KINETIC DERIVATION OF THE GAS EQUATION 
AND COLLISION FREQUENCY 


RALPH HULME 
University College, Gold Coast, British West Africa 


Pressure is the rate of change of momentum per 
unit area, so that the pressure on the sphere due to 
one molecule will be 


mu? 1 mu? 
r 4nr? 3V 


If we now consider n noninterfering molecules,? 
the total pressure, P, will be 


For a single gas where all the molecules have the 
same mass, m, we may express this result more simply 
in terms of the root mean square velocity, c, where by 
definition 


Substitution then gives 


nmc? 
3 
THE COLLISION FREQUENCY 


Another advantage of this derivation is that it will 
yield the correct result, ni/4V, for the average number 
of collisions per second per unit area made by mole- 
cules with the walls of the containing vessel. It is a 
curious limitation of the proof derived for the cube that 
it will give the correct formula for the pressure, but an 
incorrect value, ni/6V, for the average number of mole- 
cules colliding with unit area of the wall per second. 

From (I) the average time taken by one molecule 
to travel from one collision to the next, irrespective of 
the angle of incidence, 8, will be 


PV = 


2r cos B 
uy 
where cos 8 is the mean value of cos 8 between 0 and 
*/>. Itisnecessary to average cos 6 in this case because 
all angles are possible and the average time is directly 
proportional to the angle (unlike the momentum change 
per second). Note that averaging velocity would in no 
way average 8, or vice-versa, because 8 and u are quite 
independent of each other. To a first approximation 
this mean value is 
2 2 


Se” dg 3 


?In fact the molecules do interfere—they collide. But these 


collisions are perfectly elastic and can therefore only alter the 
angle 8. Because our result is independent of 8 we may neglect 
collisions between molecules 


| 
n 
1 
f= 
| 
D 
y 
AW 
BOY 
Figure 2 
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j More precisely, in obtaining an average value of cos 
- 8 we must allow for the fact that not all values of cos 
» Bare equally likely. For molecules with any particular 
-! velocity, the number making impact with the walls at 
we B (Fig. 2) will depend both on the number in the solid 
angle dw (= 2 sin 6 d8), and also on the rate at which 
these molecules approach the tangent plane at B, i.e., 
upon % cos B. 

Hence 


SG? (2x sin 8 dB)(u; cos B)cos 
cos B = 
: (2x sin d8)(u; cos B) 
J sin 8 cos?g dg —*/s[cos? 9 
S sin B cos dB 1/2[cos* 


e % Consequently, the average time between collisions is 


2r cos B _ 4ar 
BI 


a, | Thus the average number of collisions made by one 
“molecule on the walls of the sphere per second is 


4r 


¢ Hence the average number of collisions/sec./unit 
area made by one molecule will be 


4V 
For n noninterfering molecules the collision frequency 
becomes 


n 
—™ 


~ 4V 


This may be expressed more simply as 
ni 
4V 
where the average velocity, 
1 


n 


i= 


The selection of c or @ in these derivations is largely a 
matter of convenience. They are, of course, related: 
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Ir is a very common occurrence for a laboratory 
discovery to be published and eventually (if it is 
: sufficiently important) to be accepted as textbook 
‘} material. Frequently a discovery that has been thus 
. accepted is taken up by new researchers with improved 
: tools and reworked to correlate it with subsequent 
findings and again the subject, in its revised form, is 
a incorporated in textbooks. 
a0 One pronounced exception is the rule of Trouton (/) 
i formulated empirically in 1884 and accepted in text- 
books prior to 1917. Hildebrand (3) extended 
hy Trouton’s rule (1925) and the extension was incorpo- 
| rated as teaching material. Up to this point the history 
of Trouton’s discovery is normal. However in 1937 
Eyring and Hirschfelder (4) placed a firm foundation 
under Trouton’s findings and thereby converted the 
rule to a very good approximation of a principle that 
can be expressed mathematically; unfortunately this 
theoretical work is not familiar to students. 
The purpose of this paper is to present the princi- 
ples upon which Trouton’s rule is based. The reasoning 
is, in essence, that of Eyring and Hirschfelder, but the 


THE STATISTICAL-MECHANICAL BASIS OF 
TROUTON’S RULE 


DAN McLACHLAN, Jr., and 
RUDOLPH J. MARCUS 


Stanford Research Institute, Menlo Park, California 


presentation has been modified for the sake of sim- 
plicity. 

Trouton stated that the entropy of vaporization of 
a great number of rather widely different substances is 
almost a constant, K,, being about 21 entropy units. 


48, = 


Some authors have preferred 23 instead of 21 as the 
true Trouton constant, but all agree that the simplic- 
ity of arule upon which so much depends is astounding. 
In a thermodynamics book which is now of interest 
to collectors, Sackur (2) lists the values for the ‘lrou- 
ton constant as given in Table 1. 

Physical chemists have used the rule over the past 
few decades for (a) adding the Trouton consta::t 
computations of the entropies of substances above the 
boiling temperature; (b) rearranging the equation for 
estimating the heat of vaporization when the buling 
point is known; and (c) obtaining approxiuate 
boiling points for substances that boil at tempera‘ ures 
of several thousands of degrees. 
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TABLE 1 
Entropies of Selected Substances 

Hyd: 12.2 Carbon disulfide... .. . 20.4 
17.6 21.2 
17.0 Stannic chloride...... 20.6 
18.0 Methy!] salicylate... .. 22.2 
Ethyl ether.......... 21.1 19.7 


In this paper are given the reasons (based on statis- 
tical mechanics) for the reliability of Trouton’s rule. 
The results are in perfect accord with Hildebrand’s 
extension (3) of the rule. 

In applying the Maxwell-Boltzmann distribution 
law to the equilibrium between molecules in the 
liquid and vapor states, let us use the equation 


_ 
RT (2) 


where AH, is the heat of vaporization per mole, C,/ is 
the concentration of molecules in the vapor state 
expressed as the number of molecules per unit free 
volume of vapor, and Cis the number of molecules per 
unit free volume of liquid. The free volume V/ is the 
volume not occupied by the molecules, assuming the 
molecules to be incompressible spheres, 


Vie V—Ve (3) 


where V is the measured volume of the gas or liquid 
and V.. is the occupied volume. If the same number 
of molecules are under consideration in each state 
(namely N = 6.02 X 107%) then equation (2) can be 
revised 


N N 


where the subscripts v and / refer, as before, to the 
vapor and liquid respectively. It is known that in an 
expanded gas at one atmosphere, the molecules occupy 
an extremely small percentage of the measured volume 
so that V, — Vice = V,. Since N can be canceled 
out of equation (4) it may be rearranged to give 


RF (5) 


Assuming that the perfect gas law, PV, = RT, applies 
in the vapor, equation (5) may be written 


"RT =e” R (6) 


Equation (6) would be a suitable expression for 
relating the temperature of boiling with the entropy 
ol vaporization when P = 1 atmosphere and T =T7, 
ifit were not for the troublesome term V / 


Vi ASv 
(7) 


The term V/ has been a matter of concern for several 
decades and four equations that are not in too good 
agreement have received some attention: 


This is based on the definitions of the free volume and 
the internal pressure. 


2R 1 
ic int Vi? 


(8a) 


(8b) 
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This equation is based on the work of Eyring and 
Hirschfelder (4). 


(8c) 


This equation and the following are discussed by 
Hildebrand and Scott (3). 

(8d) 
where 8 is the compressibility and a, the coefficient of 
expansion. 

It may be briefly stated that any one of these 
equations can be used in equation (7) to get an approx- 
imate mathematical expression of Trouton’s rule. 
Only the first two will be illustrated here. Each 
of these equations contains one term Pi. which would 
cause trouble if it were not for an empirical relation- 
ship which has been long accepted and frequently 
(6) used 

Pint = sa (9) 
Before using equation (9) let us show the manner in 
which at least one author (5) justifies it. 

Assume that the internal energy FE of a liquid de- 
creases as the volume increases according to the 
equation 


Bo 


(10) 


(K = aconstant, and n is a small number, not necessar- 
ily an integer.) Using the definition of pressure as 


OE 
(7). equation (10) upon differentiation gives 


—nK 


Pin = = Viti (11) 
Combining (10) and (11) yields 
(12) 
Vi 


Assuming that the entire energy of a liquid can be 
measured upon evaporation and is equal to the energy 
of evaporation (AE, = E, — E,) and that n = 1, 
equation (12) immediately reduces to equation (9). 
Substituting equation (9) into equations (8a) and 
(8b) gives two expressions 


RTV, 
VY = AES (13a) 
and 
Using the relation AS = ae, Et Rte and sub- 


stituting equations (13a) and (13b) each into equation 
(7), we get two expressions for the temperature of 
boiling as a function of V; and AS, 

(aS, — R)* *® 
ASe 

(as, — 


Using the relation V,; = M/p and the observed 
data entered in columns two and three of Table 2, 


TB (14a) 


Tp (14b) 
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TABLE 2 
Comparing the Graphically Determined with the Observed Entropies of Vaporization’ 


M p Vi H, Tp S, (obs. ) S» (graph 
Substance (g./mole) (g./ce.) (cc./mole) (keal./mole) (75) (e.u.) (e.u.) 
Perfect liquids 

A 39.94 1.40 28.5 1.558 87.29 17.85 14.6 
Kr 83.70 2.155 38.8 2.158 119.93 17.99 15.3 
Xe 131.30 3.52 37.3 3.021 165.1 18.29 15.4 
Rn 222.00 4.4 50.5 3.920 211.0 18.6 15.4 
Nz 28.02 0.808 34.7 1.333 77.34 17.24 14.0 
2 32.00 1.14 28.1 1.630 90.19 18.07 15.0 
CO 28.01 0.793 35.3 1.444 81.66 17.68 14.0 
CH, 16.04 0.415 38.7 1.955 111.67 17.51 14.3 


SiBr, 347.7 2.814 123.6 9.10 426.0 21.4 15.4 
SnCl, 260.5 2.232 116.7 8.30 386.0 21.5 15.1 
189.7 1.726 109.9 8.40 409.0 20.5 15.3 
SiCl, 169.9 1.483 114.6 7.00 330.2 21.2 14.8 
CCk 153.8 1.595 96.5 7.17 349.9 20.5 15.2 
CHCl; 119.4 1.498 79.7 7.02 334.4 20.99 15.3 
CS, 76.14 1.261 60.4 6.40 319.41 20.0 16.0 
CH;0H 32.04 0.792 40.5 8.43 337.9 24.95 16.2 


Max 


He 4.003 0.147 27.2 0.020 4.126 4.7 expan: 
H, 2.016 0.070 28.8 0.216 20.39 10.6 , ot the 
is the 
Ag 107.9 8.29 13.0 60.0 2483 .0 24.2 24.3 man 
Na 22.99 0.736 31.2 23.4 1156.0 20.2 20.6 _— 
Sn 118.7 5.59 20.9 70.0 2473.0 28.3 23.1 silicon 
Pb 207 21 8.92 23.23 42.7 2013.0 21.2 22.6 ganic 
Bi 209.0 8.41 24.9 41.1 1833 .0 22.4 22.2 . 
Hg 200.6 13.546 14.8 14.6 630.0 23.17 20.9 — 
@ M and p from reference (9) and remainder from reference (8). chart | 
® The densities for the melting point were computed from data on coefficients of expansion. For data on metals, see reference (10). erties | 
silicon 
V, is computed and entered in column 4. Then using as equation (7), and (8d) is based on experimental J CHEM! 
. AH, : values of the compressibility 8 and thermal expansion a. 
the relation AS... = T, and the data in columns five This latter equation gives free volumes that are about bn 
and six, the graphs are drawn showing the relationship one-tenth the values (7) of equation (8b). A more al i. 
between AS, and 7, as predicted from equations accurate use of compressibility and thermal expansion nee 
(14a) and (14b). Curves are drawn for AS, versus for computing free volume is given as equation (25) of 
T, at constant V;. A dotted horizontal line at AS = 21 the paper by Eyring and Hirschfelder (4) and discussed 
is drawn across the graph to indicate the degree of by Hildebrand and Scott (7) on pages 75 and 76. = Bn, a 
agreement between Trouton’s rule and equations Thus Trouton’s rule has a statistical mechanical for the 
(14a) and (14b). It can be seen that equation (14a) is basis. The rule as a rough empirical prediction S Wi that. si 
a better approximation at low temperatures and almost as good as the final equations that are derived. should 
(14b) is approximate over a wide range at higher The reason for the inaccuracies of the derived equations culsilion 
temperatures. is that they are based upon at least two equations that these. 
Returning to the other equations for free volume, are only approximate, equation (9) for internal pressure Hy 
equation (8c) gives us nothing new since it is the same and the equation chosen to express free volume. in the 
4 hybridi 
(1) Trovton, Freprick, Phil. Mag. (5), 18, 54 (1884). Wherea 
(140) (2) Sackur, Orro, “A Textbook of Thermo-chemistry other 
y, =100 J Thermodynamics,’ translated by Grason, G. Mac hen 
= millan and Co., Ltd., 1917. Toni 
y,=20 (3) (a) Hitpesranp, H., Ropert L. Scorr. “The onw 
22 Solubility of Nonelectrolytes,’’ Reinhold Pu) lishing shown 1 
Corp., New York, 1950, p. 77; also (b) Bicovalen 
2 4 Joret H., J. Am. Chem. Soc., 37, 970 (1915) and 40, Bithe fo, 
(1918) fac 
4 (4) Eyrina, H., anv Joseru J. Phys. Chom.,4; 
4 249 (1937). strated 
(5) Scorr, Roperr L., J. Chem. Phys., 16, 256 (1948). __ [ithe Si- 
(6) Ewe.t, R. H., anp Henry Eyrina, J. Chem. Phys 5,72" Hilent rac 
(1937). “shrink: 
J (7) See ref. (3a), p. 76. portion 
(8) National Bureau of Standards Circular 500. Rubber 
(10) Couuin J., “Metals Reference Book,’ Inter- —— 
Entropy as Computed from Equations (14a) and (14b) Plotted Against science Publishers, New York, and Butterworth’s 5ciet Publi 
Temperature tific Publications, London, 1955. hstitute, 
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Masy articles have been written regarding the huge 
expansion of the silicone industry. “Silicones stand 
at the threshold of another tremendous growth period” 
is the opinion of a recent journal report (1). Since 
4 many publications emphasize the commercial uses of 
1 silicones, a brief consideration of the chemistry of or- 
6 ganic silicon compounds (2), in contrast to regular 
“4 organic compounds, should be of value. The periodic 
chart predicts certain similarities in the chemical prop- 
e (10). erties of carbon and silicon, for both are in Group IV, 
silicon being directly under carbon. 
‘imental CHEMICAL BONDING 
mer a Bond Hybridization. This similarity in behavior of 
\ more '¥° elements may be explained by critically examining 
pansion the electronic configuration of the elements: 
. (25) of Carbon: 1s? 2s? 2p? 
iscussed Silicon: 1s? 2s? 2p* 3s? 3p? (3d) 
ee The same number of bonding electrons are available 
chanical 
. . flor the elements, in the corresponding subshells, so 
seuieed that single bon ormations of these two elements 
ane should be very similar in nature. Carbon shows a 
- that covalency of four, and sp* hybridization in forming 
mn these bonds. Silicon exhibits these same properties. 
4 However, due to the presence of an available d orbital 
. in the / quantum level, silicon may go beyond tetra- 
covalency, and achieve a covalency of six, with a 
hybridization of spd? (3), as shown by SiF,—~ (4). 
). | Whereas carbon may form stable double bonds with 
other atoms, silicon is incapable of undergoing this type 
“2 of bond formation (5). 
~. “The ff Jonic Character of Bonds. Although it has been 
lishing shown that both carbon and silicon form comparable 
7 covalent bonds, a closer look at these bonds will evince 
ne 40," Bithe fact that the ionic character is much more pro- 
"hema nounced in the bonds of silicon. This may be demon- 
trated mn various ways. _The interatomic distance of 
. ool the Si— 0 linkage is 1.66 A. Yet the sum of the cova- 
ys, Sy 4! lent Tadii of silicon and oxygen is 1.87 A (6). This 
shrink: ze” in Si-O distance is evidence of a large pro- 
) portion of ionic character in the bond. The same 
al Rubber ##ONclusion is suggested by the results of infrared spec- 
¢ i 'toseopy (7). The intensity of the Si—O band, at 
nter- 
th’s Seien- a Health Service Research Fellow of the National Cancer 
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9.5 uw, is about five times that of the C—O band, at 
9.0 uw. Since infrared transitions are dipole transitions, 
their intensities are proportional to an increase in 
charge separation. This, in turn, is proportional to 
the per cent ionic character of the bond. 

A comparison of ionic character of bonds involving 
silicon and carbon atoms is given below (8). The 
table gives average values. 


Comparison of Carbon and Silicon Bonds 


Bond % Tonic character Bond © Ionic character 

si—C 12 C—C (CH;—CH;) 0 

Si—Br 22 C—Br 2.5 

st 

si—Cl 30 C—Cl 6 

3- 

Ssi—O 51 C—O 22 


As is shown in the table, silicon, even when linked to 
carbon, will carry a partial positive charge. This may 
be explained by recalling that the valence electrons of 
silicon are farther removed from the nuclear charge 
than are those of carbon. Hence, silicon may lose 
an electron more easily than carbon, or even hydrogen. 
Pauling’s electronegativity values for these elements 
are given as follows: Si: 1.8, H: 2.1, C: 2.5. 

s+ 


Thus a polarization of type Si—H might be expected. 


REACTION MECHANISMS 


The postulate of a siliconium ion being more stable 
than a carbonium ion, based on the evidence cited 
above, may be invoked to propose a mechanism for a 
Wagner-Meerwein type rearrangement, found in silicon 
chemistry (10a): 


Me Me 
Me—4i—CH.CI AICh = 
Me Me 
cl 
Me—iti—CH,Me  Me—$i—CH,Me 


Investigating the fission of a carbon-silicon bond, 
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Eaborn (10b) explained the course of the acid-catalyzed 
cleavage of p-methoxyphenyltrimethylsilane by sug- 


gesting that the polarity C—Si aided in forming the 


intermediate 
Me;Si + 
H 


which contributes to the mechanism as follows: 


(1) + H+ _fast_. 
Me;Si + 
H 


Me;Si + 
@ (>< 


+HOH Me,SiOH, + PhOMe 


(3) MeSiOH. Me,SiOH + H+ 


The “Silicon” Effect. When silicon is linked to an 
electronegative group by means of a carbon chain, the 
silicon atoms exert a peculiar influence on the electro- 
negative group. In the compounds Cl,SiCH,Cl (a), 
(b), and (c), the 
reactivities of the chlorines vary considerably, depend- 
ing on how many carbon atoms are inserted between 
the silicon atom and the halogen atom (1/1). The 
chlorine in Cl;SiCH:CH,Cl is so reactive that it may be 
titrated with 0.5 N aqueous alkali. Compounds a, c, 
and hexyl chloride require treatment with alcoholic 
base for removal of the halogen. As an indication of 
the relative reaction rates, the following observations 
are listed with hexyl chloride as the reference com- 
pound: 


SiCH,CH.Cl > > SiCH:Cl > CsHi;Cl 


The extreme reactivity of substituents attached to a 
carbon 6 to the silicon has brought forth several ex- 
planations. Sommer (/2) suggested that a nucleophile, 
such as the hydroxide ion, would attack the most elec- 
tropositive element present, in this case silicon, and 
not hydrogen. The compound would then undergo a 
typical FE, elimination, as shown below: 


-HO - - - Si—CH.—CH:—Cl — Si—OH + CH.—CH: + Cl- 


Fajans (13), however, proposed polarisation of the 
silicon-carbon chain as follows: Si—CH.—CH.—Cl. 
If this were true, the 6-carbon, carrying a partial posi- 
tive charge, would be more susceptible. to nucleophilic 
attack than either the a- or y-carbons, thereby aceount- 
ing for the high reactivity of the B-substituent. It has 
been found that the rate of reaction of Me;SiCH,Cl 
with I- is twenty times that of butyl chloride with 
I~ (14). Since the Me,Si group, similar to the vinyl 
group, may act as an electron donor or acceptor, de- 
pending on the occasion, this property may explain 
the activating silicon effect. Yet a neighboring group 
type interaction is not excluded. 

Mechanism of Halide Hydrolysis. Halogen attached 
to silicon is removed by hydrolysis by a different mech- 
anism than halogen attached to carbon, as has been 
shown by Swain (15). He studied the hydrolysis of 
Ph,SiF and Ph;CF in 50% acetone-water. While the 
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pH of the solution had no effect on the hydrolysis rate 
of Ph;CF, the presence of 1 M hydroxide ions increased 
the hydrolysis rate of Ph;SiF by a factor of 10° over 
that in acetone-water alone. Furthermore, para «\ky! 
substitution, in Ph,SiF, caused a five-fold decrea-e in 
the rate, but the same substitution increased thc hy- 
drolysis rate in Ph;CF. Since alkyl groups are elec- 
tron-releasing, the retarding effect observed with P/,,Sif 
would indicate that the charge on the silicon atoia, in 
the transition state, is less positive than in the ground 
state. After evaluating all the experimental evidence, 
a pentacovalent silicon intermediate was postulated 
in the hydrolysis of Ph,SiF. This is how Swain vis- 
ualized the mechanism: 


Ph Ph 
H | fast HX |. 
4+6+Si—Fs- + HOH _ fast _, + HOH 
H 
Ph Ph Ph Ph 
| stow 
Ph 
| 
+ F- HOH 
H 
Ph Ph 


Free Radicals. In going from the tetrapheny! 
methanes and silanes to the hexapheny! ethanes and 
disilanes the possibility of formation of free radicals 
must be considered. The presence of Ph;C- free 
radicals has been established, the stability of the radical 


. having been explained as being due to ample resonance 


stabilization. However, in silicon chemistry, Ph,Si- 
Si—Ph; is a stable compound (16). In order to provide 
additional resonance stabilization, 


(Ph—<_ 


was synthesized. But it, too, failed to dissociate into 
stable free radicals. This was explained by Gilman 
(16) as due to the smallness of resonance stabilization 
contributed by structures containing carbon silicon 
double bonds (4). 

Short-lived silicon free radicals exist, and undergo 
an abstraction reaction which is peculiar to them 
(17a, b). A triphenylsilyl free radical, 
chlorobenzene, will abstract the chlorine from the 
aromatic compound, and generate a_pheny! free 
radical : 


Ph;Si- + Ph—Cl — Ph,Si—Cl + Ph- 
No such reaction is found in carbon chemistry. Ham- 
mond (17a) proposed that since the Si—Cl bond is 
more stable than the C—Cl bond (90 keal. vs. 70 keal.), 
this type of abstraction may be expected to take place. 
STEREOCHEMICAL PROPERTIES 


A penta- or hexacovalent silicon intermediate w% 
also postulated as occurring during the racemiza'ion !! 
MeOH—MeONa or polar solvents such as piperidine of 
an optically active silicon compound (18) of structure 


CH,CH.CH; 
OMe 
Other stereochemical properties of organic silicon 
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compounds depend.on the size of the atoms. The 
covalent radius of silicon is 1.17 A., compared to 
0.77 A. for carbon (19). This would imply less 
crowding of groups around the silicon atom, thus mak- 
ing easier bimolecular nucleophilic substitution (S,2), 
ie, an attack by the OH- group on the carbon 
hol ling the halogen, as seems to be demonstrated in 
the following reactions (20). 


CH; 
| 2 hrs. reflux 
CH;—C—CH:.X + KOH ——-———> no reaction 
| EtOH 
CH; 
CH; 


| 2 hrs. reflux 
CH;—Si—CH:X + KOH ——————> 99% reacted 
tOH 
CH; 


One might predict from the above that, while Ph,C 
is somewhat difficult to synthesize, the silicon analogue, 
Ph,Si, might be prepared with relative ease, since there 
exists less steric hindrance around the silicon atom. 
Even 


yMe 

(C>)s 

4 
its carbon analogue not reported, can be synthesized. 
It is of interest to note that four isomers of tetra-o- 
tolylsilane have been isolated (27). By way of ex- 
planation the authors stated that lack of free rotation 
about the silicon-carbon bonds established definite 
spatial arrangements of ortho-tolyl groups. By means 
of atomie models, eight different configurations were 
constructed, four meso and four racemic forms. An 
analogy in carbon chemistry may be found in the 


stereochemistry of the ortho-ortho’ substituted bi- 
phenyls. 


SILICON POLYMERS 


A brief mention of the chemistry of silicon polymers 
is in order. In carbon chemistry halides, such as 
RCH.Cl, upon hydrolysis go to alcohols, and those of 
type RCHCl, go to aldehydes. If the corresponding 
silicon compounds are hydrolyzed, the resulting hy- 
droxide compounds formed are generally unstable and 
condense intermolecularly to form water and Si—O—Si 
linkages. R,SiCl will go to R;SiOH which will con- 
dense to R3Si—O—SiR;. But R,SiCl. will not. form 
RSi--O on hydrolysis. (No substance containing a 
silicon-oxygen double bond has as yet been isolated 
(5)). Instead, it will form an intermediate of structure 
RSi(OH), which will intercondense to form long chains 
of structure 

ete. 


R R R R 
Such structures are the basis of the common silicone 
tie fluids and elastomers, especially where R = 
Cross-linked structures may be synthesized by utiliz- 
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ing monomers such as RSiC];, which first form RSi(OH); 
on hydrolysis, and then condense 


R R 
_o 

O ete. 

k OR 


Like silica, the silicone polymers contain silicon-oxygen 
linkages. Thus, silicone polymers combine properties 
of organic compounds as well as those of inorganic 
compounds, their high temperature stability being 
especially noteworthy. 

The R.Si—O groups, due to the nondirectional nature 
of the silicon-oxygen bond, rotate with relative freedom, 
analogous to the action of ball and socket joint (22). 
Thus a close approach of silicone chains is made im- 
possible, whereas carbon chain polymers possess large 
molecular attractions. This is probably primarily re- 
sponsible for the small temperature dependence of 
physical properties of silicone polymers. 


ACKNOWLEDGMENT 


The author desires to express his gratitude to Pro- 
fessor G. Hammond, of Iowa State College, for a dis- 
cussion of silicon free radicals and permission to refer 
to some of his unpublished findings and to Dr. L. 
Goodman and Dr. R. I. Mixer, of Stanford Research 
Institute, for reading the manuscript. 


LITERATURE CITED 


(1) Chem. and Eng. News, 35, 16 (1957). 
(2) Rocuow, E. G., ‘An Introduction to the Chemistry of the 
Silicones,’ 2nd ed., John Wiley & Sons, Inc., New York, 
1951. Excellent reference. 
(3) Pauuia, L., Nature of the Chemical Bond,’’ 2nd ed., 
Cornell University Press, Ithaca, New York, 1948, p. 93. 
(4) Stpewick, N. V., “The Electronic Theory of Valency,”’ 
Clarendon Press, London, 1927, p. 68. 
(5) Prrzrr, K. S., J. Am. Chem. Soc., 70, 2140 (1948). 
(6) Reference (3), p. 299. . 
(7) Wricut, N., ano M. J. Hunter, J. Am. Chem. Soc., 69, 
803 (1947). 
(8) Reference (3), p. 70. 
(9) Ibid., p. 60. 
(10a) Somer, L. H., et al., J. Am. Chem. Soc., 76, 801 (1954). 
(10b) Easorn, C., J. Chem. Soc., 1953, 3148. 
(11) Sommer, L. H., ef al., J. Am. Chem. Soc., 68, 488 (1946). 
(12) Sommer, L. H., et al., J. Am. Chem. Soc., 70, 2869 (1948), 
76, 1613 (1954). 
(13) Fasans, K., Chem. and Eng. News, 27, 900 (1949). 
(14) Cooper, G. K., anp M. Proper, J. Am. Chem. Soc., 76, 
3943 (1954). 
(15) Swarn, C. G., et al., J. Am. Chem. Soc. 71, 965 (1949). 
(16) Griman, H., anp G. E. Dunn, J. Am. Chem. Soc., 73, 
77 (1951). 
(17a) Hammonp, G., private communication, February, 1957. 
(17b) Curticer, J. 8., Jewa State College J. Sci., 29, 399 (1955). 
(18) Kirscuner, S8., Diss. Absir. 14, 1530 (1954). 
(19) Reference (3), p. 164. 
(20) Wuitmorg, F. C., anp L. H. Sommer, J. Am. Chem. Soc., 
68, 481 (1946). 
(21) Smart, G. N. R., et al., J. Am. Chem. Soc., 77, 5193 (1955). 
(22) Roru, W. L., J. Am. Chem. Soc., 69, 474 (1947). 


My primary interest has always been in teaching and 
the research interest developed in the group research 
with the realization of its value to the teaching. Teach- 
ing is much more than the training in methods, the 
presentation of facts, the interpretation of knowledge. 
It must stimulate in the student enthusiasm for discovery 
and an awareness of the “adventure of education.” 
Example is a far more potent factor with the under- 
graduate than precept. Nothing is so effective in 
stimulating interest in a subject as the enthusiasm of a 
teacher who, himself, is contributing in some small way 
to advance of knowledge. 

A year’s leave of absence from Randolph-Macon gave 
me five quarters for graduate study at the University of 
Chicago and initiated me into research. This was the 
period of World War I and not the ideal time for 
greduate study. The major professors were deeply in- 
volved in wartime problems and, for the novice in re- 
search, difficulties seemed insurmountable. A synthesis 
of the barbiturates, then covered by German patents, 
was my first problem. Just as a fairly promising synthe- 
sis developed, the German patents were seized by our 
government and interest in this problem waned. Then 
a synthesis of the esters of methylenedisalicylic acid was 
undertaken, not a very exciting problem but an annoy- 
ing one. Dr. Stieglitz, on one of his rare visits to the re- 
search laboratory looked at my sticky material with its 
odor of oil of wintergreen and said, ‘Miss Sherrill, I 
did not know that you were making chewing gum.” 
This problem was finished in the “‘spare time” I found 
at Randolph-Macon. After teaching for two years at 
the Woman’s College of the University of North Caro- 
lina, I was given the opportunity of a research position 
with the Chemical Warfare Service. It was understood 
that any work not “restricted”? might be used for my 
thesis. This was my initiation into a group research 
project, the first, of three, in which I have had a share. 
This was not in the academic area but it taught me some 
valuable lessons both in human relationships and in de- 
veloping self-confidence. 

At Edgewood Arsenal I was assigned a problem in- 
volving a practical synthesis of a non-toxic irritant gas. 
Wartime secrecy was still dominant but fortunately, al- 
though my problem dealt only with the aromatic part 
of the desired compound, I was cognizant of the prob- 
lem as a whole. Working with a young assistant, 


GROUP RESEARCH IN A SMALL DEPARTMENT 


MARY L. SHERRILL 


Mount Holyoke College, South Hadley, 
Massachusetts 


we were able in about two months to obtain a suitable 
procedure. On the other hand, a group of five men, all 
of whom had previous industrial experience, were work- 
ing under the direction of a Chemical Warfare Service 
Captain. This group was handicapped by his view that 
restriction rules demanded that no over-all knowledge 
of the problem be divulged. Therefore they were given 
specific things to do without any understanding of re- 
lationships. They felt frustrated and there was dissatis- 
faction in the group. Later the Research Director 
asked me to take over the entire problem. I accepted 
the appointment with the understanding that the men 
be consulted as to my appointment and, then, if they 
were agreeable to it, that I should discuss the entire 
problem with them. The project then became a group 
responsibility. The entire atmosphere changed, interest 
developed, and the work speeded up enormously. 
Shortly several satisfactory compounds were prepared 
and tested for their effectiveness. When I left, morale 
was high and the research was moving ahead. 
During the first years at Mount Holyoke it was 
possible to complete my doctoral thesis based on some 
of the Edgewood work and to direct the research 
problems of several M.A. candidates. Up to this time 
practically all my work had been in the field of aromatic 
chemistry. Horever, my interest was aroused by Dr. 
Carr’s spectrographic work and the realization of the 
importance of the simpler aliphatic compounds, es 
pecially the alkenes. The years from the mid-twenties 
to the early forties were most interesting and satisfying. 
Then I had a part in real group research. The project 
was well planned by Miss Carr, one which enabled the 
special interests of the group, faculty and student, alike, 
to be shared. The synthesis and purification of the 
isomeric pentenes and other alkenes for absorption spec- 
tra measurements in the far ultraviolet, as my p:rt of 
the program, opened up a variety of problems. !1 was 
possible to divide these so that honor students and 
master’s candidates could have individual but related 
problems. 
It is difficult today to realize the problems we niet 1 
the early work. Various methods of synthesis for each 
of the pentenes were tried. The danger of rearrange 
ment was quickly evident. There was a lack of knowl 
edge of accurate physical constants; widely diferent 
(Continued on page 468) 
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NORRIS AWARD HONORS MOUNT HOLYOKE EMERITAE 


Tue James Flack Norris Award of the Northeastern Section of 
the American Chemical Society was made jointly to Emma 
Perry Carr and Mary Lura Sherrill on May 9, 1957. 

Dr. Carr, armed with degrees from the University of Chicago, 
served as head of the chemistry department of Mt. Holyoke from 
1910 to 1946. Her research interests have been the application 
of physical chemistry to organic problems, chiefly the examina- 
tion of molecular structure as revealed by ultraviolet spectros- 
copy. Her foreign study and lecturing have taken her to Mex- 
ico, Belfast, and Zurich. 

Dr. Sherrill came to Mt. Holyoke in 1921 after teaching at her 
Alma Mater, Randolph Macon at North Carolina. She headed 
the department of chemistry from 1946 to 1954. Her contribu- 
tions in the field of synthetic organic chemistry have resulted in 
the preparation of many highly purified compounds and possible 
antimalarial drugs.under the auspices of a wartime O.8.R.D. con- 
tract. Her study-and-research-inspired travels have taken her 
to Brussels, Oxford, and Vienna. 

Both women have continued during their emerita years the de- 
votion to chemistry and its teaching which won each of them the 
Garvan Medal and membership in many professional and honor- 
ary scientific societies. The Norris Award recognizes not only 
their individual attainments in teaching and research but also the 
great stimulus engendered by the team of Carr and Sherrill. 

The editors of rH1s JouRNAL and the NEACT Report are happy 
to share with readers condensations of their remarks describing 
the role that research can play in training students at a liberal 


arts college. 


Ix A liberal arts college for women, like Mount Holyoke, 
the primary function of the college is undergraduate 
education and the teacher’s first responsibility is to the 
undergraduates. The graduate work leading to the 
M.A. degree is offered primarily for the graduate assist- 
ants of the department, and the research activities of 
members of the staff are supported and encouraged 
largely because these contribute directly or indirectly 
to their effectiveness as teachers.” This was the state- 
ment of the educational philosophy and policy of the 
Mount Holyoke chemistry department which I gave in 
an article’ shortly after my retirement from teaching 
ten yearsago. I will not undertake to discuss the many 
basic problems which might well be considered but 
rather to review briefly the way in which teeching and 
research have been combined over a period of almost 
forty years in one institution and only one department. 
It is difficult for me to untangle the web of interlock- 
ing interests between teaching and research and quite 
impossible to ascribe due credit to the different mem- 
bers of the department whose individual and coopera- 
tive contributions have made possible what success our 
department has had. I have been rarely fortunate in 
my colleagues and in our length of service together. 
For thirty years I was associated with Dr. Dorothy 
Hahn, a stimulating teacher of organic chemistry and 
distinguished investigator in the field of hydantoin 


' Carr, Ema Perry, J. Cuem. Epvc., 25, 11 (1948). 
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chemistry; the same length of time with Dr. Louisa 
Stevenson, who contributed more than any of us to the 
teaching renown of the department; twenty-five years 
with Dr. Sherrill and a mere sixteen with Dr. Lucy 
Pickett. 

Many others have been with us for shorter times and 
have made valuable contributions. Too great stability 
in a department may at times be a handicap but not 
where the team-work has made possible the carrying 
out of long-time projects both in research and teaching 
as it has in our department. 

It is to my undergraduate teachers that I must turn 
for my initial interest in chemistry, my basic principles 
of teaching, and my enthusiasm for research as a neces- 
sary corollary of effective teaching. My undergraduate 
work at Ohio State, Mount Holyoke, and The Univer- 
sity of Chicago was at a time when the universities were 
small enough for the undergraduate to know and be 
known by his professors—a privilege too seldom pos- 
sible today. 

These were men who exerted a profound influence on 
the development of American chemistry both in teach- 
ing and research during the early part of this century. 
Their names and work are less well known to the chem- 
istry students of today, and I wish there were time to 
point out their most significant contributions. Per- 
sonally, my two and a half years of assisting in Dr. 


(Continued on page 468) 
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(Mary L. SHERRILL, cont. from page 466) 

values of boiling points, densities and indices of refrac- 
tion were reported by various investigators. The 
modern types of distillation equipment were not avail- 
able. The first long fractionating columns in our lab- 
oratory came back with me from Belgium. Also the 
technique of azeotropic distillations with absolute 
methanol or ethanol for freeing the hydrocarbons of 
some impurities was acquired in Brussels. The ab- 
sorption spectrum of the liquid hydrocarbons in the 
quartz region is very sensitive to the presence of minute 
traces of impurities such as peroxides, di-olefins, or 
aromatic hydrocarbons. Purity of a given compound 
was tested by the reproducibility of the absorption 
curve after redistillation of the sample. In recent years, 
present me.nbers of the department have made spectro- 
graphic measures of purified samples of the isomeric 
pentenes furnished by the American Petroleum Insti- 
tute. It is very gratifying that these spectrographic 
data agree amazingly well with those obtained from the 
compounds synthesized in the early thirties. 

The individua] students had the challenge of their 
own problems but each was aware of what the others 
were doing. A spirit of cooperation developed and also 
a certain amount of healthy competition for achieve- 
ment. The group project made the best use of the 
limited research time for students and staff members. 
They spelled each other on distillations and shared late 
night vigils. 

The research work was not limited to the academic 
year. Often a number of students and staff worked 
through spring vacation. The major members of the 
department worked usually for two of the summer 
months and some of the students joined the group. 
The students profited not only in the techniques of their 
problems but also in the use of the literature the or- 
ganization of their honors papers and masters’ theses 
and their presentation of the material at seminars. 
Their interest and later achievement added much to the 
satisfaction of the department. 

The students were not the only ones who profited by 
the group research. Research became an increasing 
challenge to me. The study of the alkenes led me into 
a study of the addition reactions of the alkenes, the 
measurement of the dipole moments of these deriva- 
tives and the infrared spectra of the alkenes, increasing 
the breadth of my research and giving me experience 
in foreign laboratories. 


WARTIME COOPERATIVE RESEARCH 


In World War II it was our good fortune to have an 
Office of Scientific Research and Development grant, 
and for me it was a new field of investigation—the 
heterocyclic compounds. This was a group research 
project involving groups from many universities and 
colleges. The aim of each of the groups was to find a 
really effective antimalarial drug, better than quinine 
and the other known synthetic drugs. The leaders of 
the various projects met at least twice a year, and these 
contacts with some of the most able chemists in the 
country were invaluable to me. Ideas were shared, 
problems discussed, and the stimulus was rewarding. 

In the department every one cooperated; the staff 
members gave generously of their time. The grant 
enabled us to have Dr. Margaret Endicott, on a full- 


time basis, to help coordinate the work. Without /ier 
ever-present help, we would not have been able to .c- 
complish what we did. The student interest was enor- 
mous; they had not only scientific interest but «also 
felt that they were contributing in some small way to 
war effort. The number of undergraduates enrollec in 
the department was higher than usual and their abi ity 
very good. In the years 1941-46, despite the dem:and 
of industry for chemists, a larger number of our gra du- 
ates than usual went into the universities and received 
masters’ degrees and doctorates. 

Group research, in a small department, is interest ing, 
stimulating, and more productive than any individual 
project could be in the same Jength of time. The prob- 
lem must be one that challenges the initiative of cach 
person but leaves her free to work out her own ideas. 
The success in so small a group depends on teamwork 
toward a definite goal rather than on a leader. There 
will be difficulties and discouragements, and muc) de- 
pends on the personalities of the group members and 
the adaptability of all concerned. The most brilliant 
intellectuals are often the most individualistic. Under 
the best of conditions, there were times when achieve- 
ments seemed at low ebb and enthusiasm flagged. It 
was at such times that we could depend on Miss Carr, 
the real catalyst, who never lost her confidence in the 
worthwhileness of the investigation and whose enthu- 
siasm and sense of humor could ease the situation and 
pull us out of the “slough of despond.”” This was true 
not only with the older members of the group, but also 
with the younger ones. I have a vivid memory of a 
young graduate student who, after months of work, had 
finally obtained nearly two liters of materia] ready for 
the final purification, coming in, joyously, to show her 
product and turning suddenly hit the flask on the stone 
sink and all was lost. She tried bravely to smile and 
the next day began all over again. One realized then 
that she had learned more than methods; she had 
gained the greatest of assets in research, the courage to 
keep on towards the goal. I knew that she could be 
recommended strongly for a graduate fellowship, and 
she justified amply my recommendation. To the many 
cooperators, colleagues, students, graduate and under- 
graduate, I owe any achievements I have made. 


(Emma P. Carr, cont. from page 467) 


Alexander Smith’s general chemistry course were re 
sponsible in large part for the organization not only 
of our first-year chemistry course at Mount Holyoke but 
also for certain salient features of the department o!- 
ganization. He emphasized always the paramouiiit im- 
portance of laboratory work in the teaching of beginning 
chemistry and the necessity for having the most ex 
perienced teachers conducting the laboratory and weekly 
class discussions. It was rarely that Dr. Smith cid not 
himself make the rounds of each laboratory s:ction, 
asking questions, correcting misconceptions, and giving 
the student a sense of genuine interest and concern for 
his progress. 

Another policy of our department, which wa mot- 
eled directly on Dr. Smith’s procedure as chairman 0! 
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the department, was the appointment of a trained 
chemist as an assistant director of the laboratory who 
was responsible for the behind-the-scenes work of the 
department—inventory, orders, direction of student 
help; in short, the nonteaching responsibilities so vital 
to he efficiency of the department but so time-consum- 
ing for the teaching staff. More than any other single 
factor, this arrangement made it possible for members 
of ihe staff to carry on research in addition to the reg- 
ular teaching program. 


ULTRAVIOLET SPECTROSCOPY OF MONO-OLEFINS 


At the time I undertook the administration of the 
Mount Holyoke department, the British and con- 
tinental chemical journals were publishing numerous 
articles on the relation between ultraviolet absorption 
spectra and the structure of organic molecules, and it 
seemed a promising field for our research. At that time 
no work had been reported from any laboratory in this 
country. I knew nothing about the technique except 
what I had read in the foreign journals, but we went 
ahead and ordered our first Hilger spectrograph and 
began work in 1913. Our first publication in this field 
was in 1918 and reported qualitative results on a series 
of cyclopropane derivatives prepared by Miss Hahn 
and also by Dr. Kohler. The purchase of a new 
spectrograph in 1924 made possible quantitative meas- 
urements of intensities and widened the scope of our 
work. This was a valuable tool in studying the struc- 
ture of fairly complex molecules, and in a number of 
cases where the chemical evidence was inconclusive, 
the spectral measurements gave the clue to the correct 
structural formula. 

The compounds studied were much too complex for 
any theoretical deductions as to why certain wave 
lengths of light were absorbed by certain atomic groups. 
We knew that light absorption was associated with 
unsaturation in the molecule, but little was known as 
to the absorption due to a specific atomic grouping. 
For any theoretical analysis we must use simpler mole- 
cules with fewer variable factors. Dr. Sherrill and I 
decided to undertake a joint research project—a system- 
atic study of the characteristic light absorption of one 
chromophoric group, the carbon-carbon double bond. 
We would prepare in our laboratory the simplest pos- 
sible compounds, the mono-olefins, and would vary 
only one factor at a time, the position of the double 
bond in the molecule. The synthesis and purification 
of the different hydrocarbons and the measurements of 
their spectra with the quartz spectrograph offered ex- 
cellent problems for honors and master’s degree stu- 
dents. Miss Sherrill began with the preparation of the 
isomeric pentenes. Dr. Frank Whitmore supplied the 
hecessiry hexene, tetramethylethylene. 

Saturated hydrocarbons are very transparent and in 
vapor phase transmit light almost undiminished in in- 
tensity down to 1650 A. The introduction of one 
double bond into the molecule gives a broad region of 
low intensity absorption in the quartz ultaviolet and 
high intensity bands beginning, in the mono-olefins, 
below 2300 A. This is the region which must be inves- 
ligated for data on the simpler organic molecules, but 
light of these short wave lengths is absorbed by the 
oxygen of the air and by a quartz optical system. 
Vacuum spectroscopy, particularly with organic com- 
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pounds which are easily decomposed, is a quite com- 
plicated technique and except for one or two early pub- 
lications from German laboratories, no work had been 
done on organic compounds. It was necessary to work 
out our own methods. 

In 1929 I was given an A.A.U.W. fellowship and spent 
the year learning what I could about the problems of 
vacuum spectroscopy. Most of this time I was in the 
laboratory of Professor Victor Henri at the University 
of Zurich, where I had invaluable experience in helping 
to set up a new vacuum spectrograph. A grant from 
the National Research Council and Mount Holyoke 
College made possible the purchase of an excellent 
Hilger fluorite prism spectrograph together with 
auxiliary equipment for the work in vacuum spectros- 
copy in our own laboratory and we embarked on this 
research adventure in the fall of 1931. 

Thanks to a research grant from the Rockefeller 
Foundation in 1934, Dr. Hildegard Stiicklen of the 
Institute of Physics in Zurich could join our group and 
she was able to give almost full time to the spectro- 
graphic work for three years. For the others, it was 
what might be called a “leisure time activity” in addi- 
tion to the usual teaching schedule. Weekends and 
holidays went into the game in which our student collab- 
orators frequently joined. Dr. Pickett with her stu- 
dents had been working on spectrographic problems in 
the near ultraviolet and she began work in the far 
ultraviolet about 1940. The work on the mono-olefins 
had been extended to include di-olefins and cyclic hy- 
drocarbons as well as aliphatic when the general pro- 
gram was interrupted for the immediate demands of 
war work. The spectrographic studies were resumed 
after the war under the able leadership of Dr. Pickett 
and Dr. Anna J. Harrison, and there have been great 
advances both in technique and results over our earlier 
work where the position of the absorption bands could 
be measured accurately but the intensities only esti- 
mated. A method for the quantitative measurement 
of intensities of absorption as well as the wave lengths 
has added much to the value for theoretical analysis. 

Probably the most important result of our earlier 
work was the identification of two different types of elec- 
tronic bends between 2300 and 1600 A. in the spectra 
of the 16 mono-olefins which were included in a report 
published in 1936.2 


RESEARCH ADDS TO JOY OF TEACHING 


At the time of my retirement, I was interested in a 
sort of “stock taking” of my twenty years of associa- 
tion with this research project. There were some fifty 
or more honors papers and masters’ theses on file in 
our library; there were thirty-five publications by dif- 
ferent members of the staff, with their student collab- 
orators in the journals of this country and in Europe. 
More rewarding to the teacher is the interest in research 
that the students have shown; to the investigators 
there is the excitement and satisfaction that comes from 
exploring an almost uncharted area of scientific re- 
search and finding certain general relationships of 
fundamental value. 

For myself, the research has added immeasurably to 


Carr, Emma P., anp Hitpecarp Sriickiten, J. Chem. 
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the joy of teaching. There is no standard by which 
to evaluate the reaction on our teaching other than the 
achievements of our graduates and that has been most 
satisfying. The way in which the present staff is carry- 
ing on research together with excellent undergraduate 
teaching is evidence enough of their belief in the value 
of research in a liberal arts college and gives promise of 
far greater achievement in the future than in our past. 

Mount Holyoke inherited an interest in chemistry 
from the very beginning of the institution. Mary 
Lyon, our Founder, was the first teacher of chemistry. 
Before the opening of the seminary in 1837 she had 
taken a course with Professor Amos Eaton of Rens- 
selaer to learn, as she said, “a new and unusual way of 
teaching chemistry, where the students perform cer- 
tain of the experiments themselves.” Laboratory work 


was introduced that first year. At the celebration in 
1887 of the Fiftieth Anniversary of the founding, Lydia 
Shattuck, a student of Mary Lyon, and herself an outt- 
standing teacher of science, gave an address on “The 
Seminary and Science” in the course of which she said: 


Since the instruction of the Seminary has had a scientific trond 
from the beginning, without tendency to convert us into agnos- 
tics or infidels; since this is a scientific age and we are boun: to 
keep abreast of the times, let us press forward along these lines 
till we find full recognition among the colleges of New Englani. 


That was seventy years ago. Miss Sherrill and I are 
reaping a rich reward from that investment of work and 
wisdom and faith of our pioneer teachers; we are shar- 
ing beyond our own deservings, in the realization of 
Lydia Shattuck’s dream of “full recognition among the 
colleges of New England.” 


Déuistou of CHEMICAL EDUCATION 


REPORT ON ACTIVITIES 


Your Division is large, influential, and active. As of April 1, 
1957, there were 2,118 dues-paying members, as well as a con- 
siderable number of members in arrears. The total circulation of 
the JourNnaAL was 10,000. Both the Division and the JouRNAL 
were in sound financial condition, although, perhaps not as well 
off as in the preceding years. 

Along this line the Executive Committee recommended and 
the Board of Publication adopted an increase in the price of the 
JOURNAL from $3.50 to $4.00 a year effective January 1, 1958. It 
is still a bargain at twice this price. 

The Committee on Institutes and Conferences, John F. Baxter, 
Acting Chairman, has continued its work in planning, organizing, 
and publicizing a series of Summer Institutes. Members of the 
committee along with other people selected by the National 
Science Foundation acted on advisory panels, not only in selecting 
Institutes in Chemistry, but also in Physics, and Institutes cover- 
ing more than one field of science. 

There were ten Institutes during the summer of 1957, all sup- 
ported by the National Science Foundation: one for college 
teachers at North Carolina, one for college and high-school 
teachers at Montana State College, eight for high-school teachers 
at The Universities of Wisconsin, New Hampshire, Rochester, 
California, Tuskegee Institute, St. Louis University, New 
Mexico Highlands University, and Utah State Agricultural Col- 
lege. These ten programs were for chemistry teachers only; 
many Division members assisted in others of the 95 N.S.F.- 
sponsored institutes. 

A two-weeks conference, June 17 through 29, was held at 
Reed College for an invited group of college and high-school 
teachers totaling about thirty. This was a conference which 
tackled the problem of high-school and college interrelationships. 
It was supported by a grant from Crown Zellerbach Foundation. 

The Scott Paper Company granted support for a conference at 


1 Eprtor’s Note: At the Miami Meeting the Executive Com- 
mittee of the Division voted to have the Elected-Member-at 
Large become Associate Editor for Division affairs; thus, this 
column came into being. From time to time the activities of the 
Division will be recorded here in order to maintain a well-in- 
formed membership. 
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Swarthmore College, also co-sponsored by the Division with the 
N.S.T.A. This conference was for high-school teachers of chemis- 
try in the Philadelphia area. 

While the Institute program has expanded, the shorter con- 
ference program has declined. The committee feels that there is 
a place for this type of meeting and would be interested in es- 
tablishing contact with interested departments. 

The Examinations Committee, under the chairmanship of 
Theodore Ashford, has continued with an active program and has 
expanded its activities. The indications are that the examina- 
tions are being used in increasing numbers. A new test in quanti- 
tative analysis, form N, was published this spring by the quantita- 
tive subcommittee under Lester Kieft. In addition, a high-school 
chemistry test was published for the first time, by the High-school 
Subcommittee, under the chairmanship of Elbert Weaver. At the 
present time three new tests are in preparation, one each in gen- 
eral, qualitative analysis, and organic chemistry. A newly 
created subcommittee for an advanced inorganic test, headed by 
S. Y. Tyree, Jr., met in Miami to consider the formulation of a 
test in this field. 

Arthur Campbell, Chairman of the Committee on Industrial 
Films reports that few good industrial films are available which 
can be modified in the way the committee feels desirable. film 
on “Corrosion’’ is now in process of modification. Dr. Camp- 
bell feels that the proper approach to educational films for chem- 
istry is not to try to modify existing films but rather to consult 
in the production of new films. 

At the Atlantic City meeting of the Executive Committee of 
the Division it was agreed to cooperate with “Recordings {or the 
Blind’’ in selecting books for recording and in helping supply 
readers for the actual recording. Professor F. D. Martin, Purdue 
University, is Chairman of this committee. The members of the 
committee decided that the book “‘One, Two, Three, . . .[ntinity 
would provide an interesting approach for blind students ‘0 the 
modern views of matter. Most of the recording is done in s'\1dios 
in New York City, Oak Ridge, Tennessee, and Los Angel:s. If 
there are members in these areas who would like to volunteer 
their services as readers, Dr. Martin would like to hear from ‘hem. 
If you have suggestions for other texts suitable for the blind. your 
ideas on this point would also be welcome. 


Epwin M. Lar<eN 
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Tue President’s Committee on Education Beyond 
the High School has prepared a “Second Report to the 
President.” (Available from the Government Printing 
Office, Washington 25, D. C., for fifty-five cents.) 
We feel that any journal bearing the challenging name 
Education” should cali its readers’ attention 
to this important document. It states a sobering 
ease. The tremendous responsibility of the nation’s 
citizens today to provide for the education of the 
citizens and leaders of tomorrow is forcefully stated. 
Equally direct is the language in which it points out 
the obligations of professors and administrators of 
higher education. We quote: 


This Nation has been propelled into a challenging new educa- 
tional era since World War II by the convergence of powerful 
forees—an explosion of knowledge and population, a burst of 
technological and economic advance, the outbreak of ideological 
conflict ... and an unparalleled demand by Americans for more 
and better education. 


Our colleges and universities are expected by the American 
public to perform something close to a miracle in the next 10 
to 15 years.... This great expansion of capable young people 
seeking education beyond high school represents an enormous 
opportunity and challenge for our society. But our institutions 
of higher learning, despite their remarkable achievements in the 
past, are in no shape today to meet the challenge. Their re- 
sources are already strained; their quality standards are even 
now in jeopardy, and their projected plans fall far short of the 
indicated need. 


If the United States is to become increasingly a society of 
students it must also become increasingly a society of teachers. 
.» The quantity of students and the quality of education cannot 
rise together unless basic educational resources also rise with 
sufficient speed .... The choice between quality and quantity 
is not mandatory. The Nation needs more of both, and it can 
have more of both if it decides to do so. The decision rests much 
mere with the public than with the educators, and the public’s 
decision must be expressed in terms of greatly increased financial 
support... The educators in their turn have a heavy obligation 
to put these increased resources to their best use .... The coming 
years will require . . . a burst of imaginative experimentation and 
many changes in our conventional educational practices—changes 


a to the technological revolutions in industry and agri- 
ure, 


The report states the committee’s conviction that the 


increasing shortage of good teachers is the most critical 
bottleneck to the expansion of higher education. The 
professional manpower needs of industry have robbed 
the colleges to the point that the further development 
of the Nation’s human resources is in jeopardy. 


Our Nation, like the prodigal farmer, is consuming the seed 
corn needed for future harvests....To restore teaching to a 
competitive position in the professional labor market... would 
require an average increase in faculty salaries of 75 to 80 per- 
cent .... The plain fact is that the college teachers of the United 
States, through their inadequate salaries are subsidizing the 
education of students, and in some cases the luxuries of their 
families, by an amount which is more than double the grand 
total of alumni gifts, corporate gifts, and endowment income of 
all colleges and universities combined. 


... The Committee urges the faculty of every college and 
graduate school to recruit students of high talent for college 
teaching .... Colleges and universities should overcome the 
cultural attitudes which have consigned women to a decided 
minority role in higher education.... Similar waste results 
wherever employment barriers exist against members of racial 
and religious minorities. 


Any complacency should leave the academic person’s 
mind when he reads the committee statements which 
reflect their appraisal of the present utilization of 
teaching personnel and facilities. We feel that these 
portions of the report should be set in bold face type 
and laid on the desk of every administrator and aca- 
demic planner. These attacks on the problem are 
those which ingenuity, not money, will make successful. 


Teacher utilization must be improved. Among the promising 
approaches being explored are: (1) Giving students more respon- 
sibility through greater reliance on independent study... ; 
(2) relieving skilled teachers of tasks which can as well be done by 
assistants (and clerical help)...; (3) adapting different class 
sizes to accommodate most efficiently the various objectives in 
learning; (4) extending the reach of rare teachers by means of 
visual and electronic aids; and (5) simplifying the curriculum to 
reduce its size and raise its quality. 


Optimum use of available facilities may require substantial 
changes in academic calendars, time schedules and procedures. 
But the inconvenience of such changes will be a small price to 
pay for better salaries, better quality of education, and for serving 
more students. 
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GENERATION’ 


Tue concept of the spontaneous generation of life 
occupied much of the experimental and theoretical 
attention of some of the most pioneering biologists of 
the eighteenth and nineteenth centuries (Needham, 
Spallanzani, Pasteur, Tyndall, etc. (/)). When the 
appearance of maggots, mice, and microbes in the 
midst of decay was generally accepted as merely a 
manifestation of biological reproduction of living 
organisms, interest in this question lagged. The past 
few years have seen a vigorous revival of concern with 
the problem of spontaneous generation. This new 
look emphasizes, and can be explained as due to, the 
basically chemical nature of the problem. To one who 
examines the question in its broadest aspects, however, 
a purely chemical attack appears also to provide less 
than the most promising approach. To such a point of 
view it seems instead almost axiomatic that this 
problem will be solved by primarily chemical techniques 
which are couched in recognition of principles of dy- 
namic biochemistry as well as in the fundamental 
principles of an evolutionary and developmental 
biology. In other words, one may now expect to discern 
in any valid matrix of prebiological chemistry the roots 
of phenomena which are known to govern all living 
matter. 

One of the great lessons of biochemical analyses and 
experimentation in the last three decades is that all 
life is remarkably alike in its chemical structures and 
processes (2), as contrasted to what one might expect 
from a review of the diversity of living forms. We 
are perhaps ignorant of the biological forms between the 
first organism and the most primitive type which has 
been found in fossils. Perhaps, also, the biochemical 
nature of those first and intermediate forms was mark- 
edly different from the chemical structures and re- 
actions which are studied today. The fact that the 
biochemistry of all organisms is so nearly universal 
from the most ancestral to the most advanced permits 
us, however, to entertain seriously the thought that the 
first organism also fitted the general pattern closely. 
According to this premise, clues are abundantly avail- 
able for an understanding of the chemical nature of 
primordial life. The spontaneous generation of the 
most.primitive type according to these specifications is 
an embarkation point for experimentation. With 
couching of the research in supported inferences from 


1 Experimental work in the author’s laboratory was performed 
with the aid of grants from the Rockefeller Foundation, the 
National Institutes of Health of the U. S. Public Health Service 
(Grants H-2314 and RG-4666), and from the General Foods 


Corp. 
472 


THE CHEMICAL PROBLEM OF SPONTANEOUS 
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Atmo 
Hyadre 
SIDNEY W. FOX 
The Florida State University, Tallahassee, Florida Atabos 
dioxi¢ 
geology, biology, and biochemistry, the problem can be forme 
seen principally as a problem in organic and inorganic produ 
chemistry. recent 
The amount of archived writing on the origin of life Jj sparki 
is tremendous. The amount of experimentation is far §§ dioxid 
less but is, in one sense, almost as difficult to identify. # CO,ri 
If the premise of the unity of biochemistry is correct, a J experi 
large proportion of the vast literature of biochemistry J amoun 
and of rudimentary organic chemistry is traceable to 9 substa 
prebiological chemistry. Accordingly, after one exper- 9 chemis 
iments in this field while simultaneously researching JJ monox 
what appears to be pertinent literature, he may indeed i The ni 
easily develop the belief that the outlines of the answer § either « 
to this most fundamental and provocative of problems J (7) vist 
are already in the journals. methan 
In recent years, such experiments as imparting 9 ‘nitro 
energy to mixtures of presumably primitive gases have In re 
become a relatively respectable line of inquiry. The § Was she 
kinds of gaseous mixture inferred for the prebiological § ammon: 
atmosphere are presented in Table 1. The evidence J liss (11) 
invoked has been assembled primarily by geologists 9 o glucc 
from study of “juvenile gases’ (current volcanic liberatic 
effluvia), from Precambrian rocks, from analyses of J the part 
gases in stony and iron meteorites, from spectral i the ear] 
analyses of planets and of stellar composition, and from J One can 
equilibrium constants used jointly with knowledge of J theatme 
the abundances of the elements in the universe (3). Some 
What is known about terrestrial conditions today may, § Bernal ( 
with modification by sufficient study and experimenta- § been los: 
tion, reveal the nature of the prebiological world to have 
The interdisciplinarian geologist, Rubey, has stated, §% biochem; 
“Everything considered, the composition of sea water i or metha 
and atmosphere has varied surprisingly little, at least 9 virtue of 
since early in geologic time” (4). In an environment of 
this degree of stability, the unity of biochemistry is 
more easily understood, at least insofar as environ- 
mental changes might be expected to permit alter- Pa 
tions. pating in 1 
SUGGESTED PRIMITIVE ATMOSPHERES AND If one 
HYDROSPHERES Oxidizing | 
Inspection of Table 1 reveals areas both of di ‘ference me disavr 
and of agreement. The most central point ©! agree ihe evalua 
ment is, of course, the presence of H,O, whi:h is i All of t 
cluded both in atmospheres and hydrospheres a1id is the ij ™Porta: 
principal constituent of all living systems. \l of the partieip:t 
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carbon compounds proposed are methane, carbo! 
dioxide, or carbon monoxide. In the choice from thi 
narrow range lies a principal disagreement amo: g Scie! 
tists dealing with primitive atmospheres. pat. 
Urey, and Miller prefer a reducing atmos)here ® 
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TABLE 1 
Suggested Envelopes for Primitive Earth 


Authors References 
Atn.osphere CH,, NH;, H.O, H, — (6, 6) 
rey 

Atmosphere CH NH;—~N2, 

20, He Bernal (7) 
Hydrosphere NHs, H:S, H:O 
Atmosphere CO., Nz, H:S, H.O 
Hyd:osphere COs, N'H,, HS, H,0 Rubey (3) 
Atmosphere CO, CO:, Nz,  Revelle (8) 


methane and hydrogen which was free of carbon 
dioxide. In Miller’s experiments, carbon dioxide was 
formed during sparking in which amino acids were 
produced. When this fact is coupled with Abelson’s 
recent observations (9) that amino acids are formed by 
sparking various gaseous mixtures containing carbon 
dioxide, it can be seen that the problem of an original 
CO,rich atmosphere (6) has not been resolved by 
experimentation. Although Rubey (3) suggests trace 
amounts of carbon monoxide, Revelle (8) has argued for 
substantial proportions of this gas. Speculative organic 
chemistry is more facile with a reactive gas like carbon 
monoxide, which also would assure reducing conditions. 
The nitrogen is suggested as having been present as 
either diatomic nitrogen or ammonia; Bernal’s outlook 
(7) visualizes both. In his atmosphere, ammonia and 
methane were slowly dehydrogenated and oxygenated 
to nitrogen and carbon dioxide, respectively. 

In relation to the nitrogen-ammonia equilibrium, it 
was shown long ago that the hydrolysis of nitrogen to 
ammonia is thermodynamically unfavorable (10). Bay- 
liss (17) has recently pointed out, however, that reaction 
of glucose with nitrogen can produce ammonia with a 
liberation of free energy. For such a process to operate, 
the participation of the hydrosphere is imperative and 
the early participation of the lithosphere is probable. 
One cannot, in any case, get very far biochemically in 
the atmosphere alone. 

Some of the proposed atmospheres include hydrogen. 
Bernal (7) considers its presence but believes it to have 
been lost from the earth’s gravitational field too easily 
tohave participated significantly as a gas in primordial 
biochemistry. Rubey (3) states that if either hydrogen 
or methane is allowed, the other should be present by 
virtue of a favorable equilibrium constant 


CH, = + 2He 


(Coot.) (Hz) _ 
(CH) 


P = sum of partial pressures of gaseous components partici- 
pating in the reaction. 


If one considers the primitive atmosphere as non- 
oxidizine or oxidized, rather than reducing or oxidizing, 
the disavreement in outlook is considerably dulled, and 
the evaluations are probably more sharply stated. 

_ All of the proposed atmospheres that recognize the 
importaice of sulfur agree on hydrogen sulfide. The 
particip:tion of sulfur atoms has been omitted from 
‘ome ¢o:siderations. In view of the biochemical sig- 
uheance of sulfhydryl (12) groups and the fact that 
organisms are truly simultaneously anaerobic and 
terobie t some degree, such omission is not warranted. 
Some or all of the necessary reductive properties of 
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prebiological systems may have been underwritten by 
hydrogen sulfide in place of, for example, methane. 
Evidence for this is the fact that some sulfur bacteria 
rely on the reduction of CO, with HS (13). 

The similarities in various proposals for prebiological 
chemistry can be looked at through either end of the 
telescope. Insofar as the atmosphere and hydrosphere 
are concerned, however, all lines of evidenée and inter- 
pretation lead to proposals of systems which are not so 
widely different that it would not be possible to visualize 
the inclusion of all components which have received 
major attention. Bernal’s picture (7), in fact, comes 
close to doing that. 

The thinking represented by Table 1 perhaps over- 
emphasizes the atmosphere. In attempting to over- 
come resultant difficulties, it has been suggested chat 
amino acids that may have formed in the atmosphere 
would have fallen into the ocean. Another possible 
source of compounds is the lithosphere. In this frame- 
work, Oparin has proposed the hydrolysis of metal 
carbides produced at incandescent temperatures. This 
would yield acetylene which could be converted to such 
compounds as acetaldehyde and thence to acetic acid 
by some kind of oxidation. 


H,0 H,O H;0 
CaC.———>CH=CH 


Another point of view that deserves more attention 
is the Bernalian origin of many biochemical systems in 
the hydrosphere. Atmospheric, hydrospheric, and 
lithospheric origins can be inferred as reflected in 
metabolism of all organisms. A large part of the 
end-product of mammalian respiration, carbon dioxide 
and water, are components of some of the suggested 
primitive atmospheres. The original hydrosphere is 
reflected in the sap of plants and the blood of animals 
and is the basis for the frequent statement that we each 
carry a bit of the primeval sea within us. Our inherited 
dependence upon the lithosphere is particularly evident 
in our need for trace elements such as magnesium, zinc, 
and cobalt in the diet. 


PRODUCTION OF AMINO ACIDS UNDER 
HYPOTHETICALLY PRIMITIVE CONDITIONS 


The experimental work which particularly stimulated 
interest in the origin of organic compounds on earth 
was that suggested by Urey (6) and carried out by 
Miller (14). The heart of the contribution was the 
discovery of amino acids among the products. It is 
necessary, however, to point out that although this 
discovery was indeed a stimulatory contribution the 
production of amino acids from mixtures of simple 
compounds containing atoms of carbon, hydrogen, 
oxygen, and nitrogen by lightning, heat, or other radia- 
tion is not surprising. The reason for this is simply that 
amino acids are relatively stable thermodynamically, 
on account of their zwitterion (dipolarionic) structure: 


R 
NH;* 
They are not stable relative to the elements nor to most 
simple gases like carbon dioxide and ammonia. If, 
however, mixtures’ of gases including representatives 
from such compounds as methane, carbon dioxide, 
water, nitrogen, and ammonia are brought to a high 
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energy level so that new organic compounds and rad- 
icals result, it is to be expected that these new compounds 
will be relatively unstable with respect to the salt-like 
amino acids. Although this point of view was not 
widely recognized in 1953, by 1957 it had already been 
learned that alanine could be produced in at least seven 
different ways under conditions which could be con- 
sidered to be prebiological. These experiments, from 
three different laboratories (9, 14, 26), thus support the 
earlier judgment that amino acids could be formed 
easily. Perhaps the most significant inference from all 
of this is that in the spontaneous generation of a com- 
plex primordial life and its mutations from a relatively 
simple chemical matrix, the range of potential materials 
at any stage is set by a kind of thermodynamic prede- 
terminism. Evidence for this is found not only in the 
observed range of prebiological types of synthesis of 
amino acids, but also in the range of structures of 
protein (15, 16) and in many instances of parallel 
evolution of organisms (17). However, evolution is 
slow enough so that we cannot yet accurately visualize 
the full potential scope of the entire process. 


BIOCHEMICAL STAPLES AND MACROMOLECULES 


Table 2 lists the biochemical staples (key com- 
pounds), which have been shown virtually to be com- 
mon to all organisms. The structures of the amino 
acids, vitamins, and monosaccharides reveal that these 
are essentially molecules which have been formed by 
loss of water and of hydrogen. Similarly the macro- 
molecules of protein, nucleic acid, and polysaccharides 
are also molecules resulting from the schematic loss of 
water. This loss is referred to as schematic, partly 
because, as is well known, phosphoric acid residues 
appear to be implicated. Exact mechanisms, both 
current and primordial, are in some doubt. The 
diversity of the protein molecules has been shown to be 
far from random (1/5). The interactions of these 
macromolecules furthermore provide a basis for an 
exponentially larger number of types of organisms. 
For such interactions and attendant phenomena to 
yield organisms, water must enter the scene. All 
organisms are predominantly aqueous, and the event 


of conversion of prebiochemical substances to a dynamic 
organism inferentially involved water in some fashion. 
The available clues suggest, then, that the generation 
of staples and macromolecules required a stage in which 
water was lost from reactants and that this was modu- 
lated to a hydrous stage in the origin of life. 

Evolution in Table 2 is chemical and biologica) at 
different stages. Our primary concern here is with 
chemical = prebiological evolution. It is usually as- 
sumed that the Darwinian process of variation and 
selection does not apply to prebiological changes be- 
cause they are not repeated by a controlling apparatus 
such as the gene. Variation in organisms can occur 
as a result of gene recombination. At the chemical 
level a comparable reshuffling would involve rear- 
rangement of amino acid residues in protein and 
pyrimidine residues in nucleic acids. Changes in 
organisms might, however, also result from molecular 
alteration within the gene as well as from recombination 
of genes. 

During the continuing evolution through stages (1) 
through (6) the total number of types can theoretically 
increase. In this consideration, stage (2) and (3) 
belong together and the increase in total diversity 
through stage (5) is probably real. 

It can also be seen that as complexity and diversity 
increase, what we choose to refer to as specificity also 
increases. As the absolute number of types in the 
spectrum is enlarged, individual types which are 
products of interaction are more easily differentiated. 


ORIGIN OF PROTEIN 


The origin of protein was invoked in 1951 by Blum 
(18) approximately to define the origin of life. It is 
perhaps possible now to construct a fuller definition, 
based on the generation of a protein-containing system 
capable of initiating again the development of itself. 
Blum’s point of departure is much closer, however, to 
the heart of spontaneous generation than is the inter- 
action of primordial gases. In what follows, the con- 
cepts presented are to some degree compatible with any 
of the possible origins of organic compounds already 
discussed. 


TABLE 2 
Biochemical Emergence 


(1 
Primitive (2) 


hydrosphere, Simple organic (3) (4) (8) (6). 
lithosphere —> compounds — Biochemical staples — Macromolecules —- Organisms > Populations 
CO, or CH, Malic acid, Urea, Amino acids, Vita- Proteins, 
NH; or N: etc. H;PO, mins, Pyrimidines, Nucleic acids 
20 Carbohydrates, Polysaccharides 


He Porphyrins, etc. 


State of hydration 


Many of these com- 
pounds schemati- 
cally formed by 
loss of water and 


Water has entered or 


Formed by loss of 
re-entered system 


water from mono- 
mers 


hydrogen 
Evolution Chemical evolution _ Amino acid and py- Gene recombination 
rimidine recom- 
bination? 
Increasing in this direction 
Diversity of type £ > 
Specificity Increasing in this direction 


JOURNAL OF CHEMICAL EDUCATION 


cated 
which 
A glu 
frared 
data fc 

In gs 
and w 
therms 
Yieldec 


VOLUM 


to 
3 
tio 
pri 
for 
con 
( 
tide 
Aft 
self 
kno 
gen 
its 
exp! 
acid 
this 
Bea 
arise 
mat 
al 
W 
tatic 
may 
Ay 
resul 
tide | 
remo 
study 
eo — The | 
porter 
_ of Sa 
cially 
from 
4174 


nion. 
ution 
hich 
odu- 


al at 
with 
as- 
and 
s be- 
ratus 
occur 
mical 
rear- 
and 
‘Ss in 
cular 
ation 


s (1) 
ically 
1 (3) 


arsity 


ersity 
y also 
1 the 
are 


ed. 


Blum 
It is 
ition, 


The research of, our laboratory began with attempts 
to synthesize peptides by use of elevated temperatures 
in a presumably terrestrially primitive range. Pre- 
liminary indications of successful peptide formation 
(19) did not lead immediately to further experimenta- 
tion because of unexpected results of a different, albeit 
probably related, sort. There was first observed the 
formation of additional amino acids (20) by thermal 
conversion of the original acids (analogous to what 
occurs biochemically). Exploration of these results 
led from one biochemical thing to another. 

Citrie acid cycle intermediates, amino acids, pep- 
tides, vitamin intermediates, and the nucleic acid 
intermediate, ureidosuccinic acid, were all implicated. 
After several of these steps had been assembled and 
mapped (Fig. 1), a striking parallelism suggested it- 
self. These sequences were closely parallel to those of 
known biosynthetic pathways. This, in turn, could be 
seen to be a reduction to the chemical level of the bio- 
genetic law (that development of the organism reflects 
its evolution). There was thus available a_ partial 
explanation of the formation of protein and nucleic 
acid consistent with biological principles. In addition, 
this picture, when combined in reverse order with 
Beadle’s concepts of the relationships of gene, enzyme, 
and anabolism (2/1), revealed how there might have 
arisen the universal anabolic reaction pattern and a 
material system for remembering and repeating those 
anabolic reactions leading again to the formation of the 
cyclical chemical memory system (Fig. 2). 


With this introduction, the development, interpre- 
tation, and discerned limitations of the thermal] studies 
may be examined in more detail. 


THERMAL EXPERIMENTS 


Application of the thermal conditions theoretically 
results in the overcoming of the energy barrier to pep- 
tide bond synthesis (22) by driving the reaction through 
removal of the water produced : 


H,NCHRCOOH + H;NCHR’COOH — 
H:NCHRCONHCHR’COOH + H,07 


An experimental approach to this reaction focused on 
studying the thermal behavior of one or two amino 
acids. Aspartic acid was of particular interest because 
it is known to be formed early in biosynthesis (23). 
The literature indicates that the pyrocondensation of 
aspartic acid was accomplished by Schiff (24) and re- 
ported in a paper dated 1897. Doubts as to the nature 
of Schiff’s product have been expressed (25) and the 
possibility that diketopiperazine had been formed espe- 
cially required scrutiny (26). Examination of this 
problem has shown that polyaspartic acid is distinct 
from the diketopiperazine, and is a_biuret-positive 
material with average molecular weight about 10,000— 
20,000 (27). Kovaes and Koenyves (28) have indi- 
cated that polyaspartic acid has a polyimide structure 
which opens to a true peptide on alkaline treatment. 
A glutamie acid-glycine pyropolymer gives rich in- 
frared indication of being a linear peptide, and such 
data for other polymers are at hand (29). 

In studies of polymerization of aspartic acid alone 
and with other amino acids, it was discovered that 
thermal treatment of most of the reaction mixtures 
yielded more ninhydrin spots on paper chromatograms 
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Figure 1. Thermal Pathways 


than could be accounted for by the number of reactants. 
All these adventitious products have not yet been 
characterized, but a-alanine and §-alanine have been 
identified. In addition it was learned that one could 
start with the citric acid cycle intermediates, malic 
acid or fumaric acid, and that their ammonium salts 
under the same thermal conditions would yield aspartic 
acid and a polymer hydrolyzable to aspartic acid and 
alanine. 

Some aspartic acid was obtained when ammonia was 
replaced by urea for thermal reaction with malic acid, 
but the predominant product finally was identified as 
ureidosuccinic acid. 

The above represent all of the reactions for which the 
data have been quite fully published. Furthermore, 
unpublished experiments reveal additional reactions 
and intermediates that are also represented in Figure 1 
by broken arrows. 

The conversion of malic acid to aspartic acid by heat- 
ing with ammonia occurred also with fumaric acid but 
not with succinic acid nor citric acid. The formation 
of asparagine from aspartic acid depends upon the 


Primitive Anabolites Amino acids, Enzyme 
gases, such os Krebs Cycie protein 
liquids, "urea, acids, termed in 
solids malic acid, pyrimidines, presence of 
H;PO, vitamins, anabolites 
etc. 
Nucleic 
acid 
Nucleoprotein daughter nucleic acid 
storing Joell A + enzyme J 
impressions \cdoughter protein which 
of anabolites cell B catalyzes 


Figure 2. Cyclical Biosynthetic, Enzymic, and Genic Process. This 
Process Pictures the First Cell as Having Been Formed in the First 
Operation of the Cycle 
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presence of excess urea. The production of a-alanine 
and #-alanine was demonstrated in uncombined form, 
and also in the polymers formed, by recovery after 
hydrolysis. Lactic acid and urea give a-alanine (29), 
and glucose and urea give a-alanine and glycine (30). 
Comparable to the conversion of malic acid to aspartic 
acid, a-hydroxyglutaric acid and urea yield glutamic 
acid (29, 30). Microbially positive tests for nicotinic 
acid have been found repeatedly in the thermal re- 
action product of glucose and asparagine. Clues to 
thermal syntheses of many other biochemicals are 
being investigated. 

The possibility of forming proteins by heating un- 
substituted amino acids has received little but dis- 
couragement from reports in the literature. This kind 
of reaction was studied decades ago (25). At that time 
it was learned that heating of amino acids often led to 
tars, other decomposition products, and diketopiper- 
azines (25, 27). However, these early experiments 
were confined to a few amino acids heated singly. 
In our laboratory it has been learned that amino acids 
which alone do not form linear peptides do so when 
copolymerized with one of the few amino acids (aspar- 
tic acid, glycine) that has been recognized as probably 
forming linear peptides alone. Also, some linear 
peptides are formed from reactants neither of which 
forms a peptide, such as glutamic acid and leucine (29). 
An additional aid has been the use of phosphoric acid 
(16), which speeds the copolymerizations to the degree 
that in one case it permits the formation of a linear 
copolymer which virtually does not result in the absence 
of phosphoric acid (29). 

Taken together, all of these results indicate in prin- 
ciple how a variegated peptide such as a typical protein 
could result from copolymerizations. At the biological 
level, interactions of biological units and of individuals 
are of particular significance. At this biochemical 
level, near the baseline of biology, the interactions (or 
molecular ecology) of amino acids introduce effects 
which cannot be visualized from the behavior of the 
individual monomers. 

In attempting to assess critically the probability of 
correctness of any theory which is so wide-angled as to 
embrace the origin of life, it is especially imperative to 
attempt to state what the theory does not include. 
The author, his associates, and others have so far 
found and voiced three types of limitation. The first 
of these concerned the fact that it has been recognized 
that many amino acids do not pyrocondense to linear 
peptides. The most recent research has shown, how- 
ever, that there can no longer be any question that 
some of them do. Of more significance is the fact that 
such amino acids will in some cases copolymerize to 
linear molecules. The full scope of this phenomenon 
is yet to be assessed, but it represents a principle by 
which protein formation can be visualized. 

The second limitation is related to the first. Pro- 
duction of ureidosuccinic acid is not the same as pro- 
duction of a nucleotide. One can also point out that 
the theory fails to account for the origin of malic 
acid or fumaric acid from which the pathways stem. 
The value of these criticisms is as yet not assessable, 
inasmuch as none of the experiments bearing on these 
questions have been performed. 

A third point stems from the fact that although the 
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majority of the thermal pathways charted have their 
counterparts in biology, it is not clear as te whether one 
can or cannot closely relate the mode of peptide syn- 
thesis to the biosynthesis of protein. The difficulty 
here would seem to be that our knowledge of protein 
biosynthesis is quite uncertain. Many mechanisnis 
have been suggested, and one or more may be correct, 
but few disinterested viewers of this research scenery 
would seem to care to designate which. The fact that 
many of the thermal] syntheses of peptides are facilitated 
by the presence of phosphoric acid during heating may 
well lead in the direction of relating the primordial 
synthesis to current biosynthesis. 

One can also assume the over-all point of view that 
a prebiochemical flowsheet so like a current picture of 
biosynthesis is deceptive in its false simplicity and may 
merely represent the product of finding what is sought. 
It is however true that in this program the findings of 
adventitious amino acids, of ureidosuccinic acid, of vir- 
tually no unnatural products, of specific interaction 
effects of amido acids, and the linked nature of the re- 
actions were all unexpected experimental results, the 
first three totally so. .The interpretation evoked ap- 
pears to be simpler than many would have presupposed, 
but unduly complicated presuppositions are not with- 
out precedent in the history of science. 

In summary, all of these limitations to interpretation 
are of the nature of a docket for further research. Such 
experiments are planned, but with a picture that 
appears more and more to be almost as large as bio- 
chemistry itself, each experiment will have to wait its 
turn. 


ORIGIN OF OPTICAL ACTIVITY 


The problem of the origin of optical activity, so long 
considered to be unique to living systems, has received 
consideration in these contexts. Of the many hypoth- 
eses advanced for the origin of optical activity, the 
thermal experiments have particularly led to new em- 
phasis on an old idea—that configurational one-sidedness 
may have arisen during the biological era rather than 
before it (37). 

The suggestions which have appeared for the origin 
of optical activity include the polarizing effects of 
moonlight and of sunlight, the fact that the earth 
rotates in one direction only, the dissymmetry of the 
earth’s magnetic field, the effect of d or 1 lattice (quartz) 
on primordial synthesis, and a few proposals which de- 
serve fuller explanation. One might also add the idea 
that optical one-sidedness of molecules is related to the 
newly discovered nonparity of physical particles (32). 

The production of a single molecule of any of the 
presumably thousands of compounds in the original 
biosynthetic chain could explain the one-sidedness of 
molecules in nature (33). A single molecule containing 
one asymmetric center cannot, of course, be both D 
and Lt simultaneously. If but one form of any me- 
tabolite were produced, this dissymmetry should even- 
tually affect all other molecules indirectly. A vari:ition 
of this thinking is brought to bear on the problem when 
one considers not merely the metabolites but rather a 
large, perhaps autocatalytic, macromolecule. I the 
initial formation of a protein containing 100 «imino 
acid residues, for example, each residue would nece* 
sarily be of a single configuration, except for symmet- 
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rical glycine. Should one expect the production, then, 
of two enantiomorphic protein molecules, or would 
perhaps one be formed in advance of the other, and 
could this not be the point at which Darwinian selection 
first occurs? This problem seems to merit extended 
theoretical consideration. Clues may be available 
from studies of physical properties of peptides (34). 

A related treatment is owed to Langenbeck (34), 
who suggested that a racemic world is thermodynami- 
cally unstable and that any disproportionation between 
enantiomorphs would be progressively increased by 
evolution. The reaction of an enzyme with one form 
of a metabolite would be expected to be more effective 
than with its enantiomorph, in extension of Langen- 
beck’s idea. One optical form would then have a selec- 
tive advantage. A disproportionation in either me- 
tabolite molecule or macromolecule would then spread 
to all others in an evolutionary continuum. Another 
auxiliary idea here is that in the synthesis of a large 
number of pt molecules of one kind, the number of 
p and L would be expected not to be exactly equal, 
although the minute percentage difference would not 
be discernible in a polarimeter. Any difference would 
then be subject to enhancement by the Langenbeck 
evolutionary mechanism. 

Another kind of suggested solution is that of spon- 
taneous resolution. This is an idea that many chemists 
find unacceptable at first, despite a report of such a 
phenomenon by Pasteur, and of confirming work by 
others (36). 

A more readily welcomed notion stems from the 
related one of chance mechanical separation in space 
of crystals corresponding to p- and L- molecules (3/). 
Virtually no one doubts that Pasteur was able to sepa- 
rate p- and L- sodium ammonium tartrates by the use of 
tweezers. With this as an accepted fact, one can visu- 
alize how ammonium hydrogen b- malate might crys- 
tallize alongside ammonium hydrogen t- malate in 
equal amount. If then, a primordial biosynthetic 
soup happens to touch the p crystal and not the other, 
only the p form would function as a seed and p would 
crystallize. This would leave a predominant L form 
in solution and various processes such as the Langen- 
beck evolution could continue the change. Eons of 
evolution would not be required. If the spontaneously 
separating compound happened to be an intermediate 
early in biosynthetic pathways, such as malate, all of 
the products derived therefrom (aspartic acid, 
ureidosuccinie acid, a-alanine, etc.) would be of the 
same configuration as the precursor left in the bio- 
synthetic solution or unit. 

Many of these various ideas can be seen to be appli- 
cable to the biological as well as to the prebiological 
era. The validation of the large theory can be visu- 
alized as arising in one of three or more ways: (1) the 
picture developed is found to be consistent with other 
biochemical knowledge, and leads to new knowledge 
which is also consistent, (2) ultimately the accumulated 
information leads to synthesis of a living unit, and (3) 
experimentation is carried through stage (2) and on into 
& primitive evolution. It may well be that the final 
solution of the problem of optical activity in nature 
will require validation of type 3, which at present 
promises to be the hardest to come by. Reasons for 
thinking in the context of the biological era are that 
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recently lower forms, bacteria, have been found to con- 
tain in their proteins D-amino acids as well as L-amino 
acids (31). 


BIOLOGICAL CONSIDERATIONS RELATIVE TO 
THERMAL ORIGINS 


An explanation of biochemical origins which relies 
on thermal energy and can explain the generation of 
biosynthetic pathways is consistent with many other 
observations. Suitable thermal conditions such as 
those in the experiments must almost certainly have 
been available on the primitive earth and are abun- 
dantly in evidence even today, in volcanic regions. 
In fact, biological research in Yellowstone National 
Park bears on the concept of thermal origins. In 1936, 
Copeland (37) published the results of a study of the 
curious thermophilic blue-green algae of the Yellow- 
stone area. Copeland decided, on the basis of botanical 
criteria, that the thermophilic blue-green algae are the 
evolutionary ancestors of the forms more character- 
istic of current terrestrial temperatures on most of this 
globe. He suggested from these studies ‘‘the probability 
of the origin of living organisms in the thermal waters.” 
Copeland’s interpretations thus point to elevated tem- 
peratures for the origin of life, as do the chemical experi- 
ments. This perspective will be discussed further near 
the end of this article. 


As indicated earlier, another area of inquiry with 
which the thermal experiments make contact is that of 
chemical genetics. The thermal experiments suggest 
the generation, in a sequence of overlapping order, of 
reactions, protein, and nucleic acid. If one substi- 
tutes, as he well may, the word anabolism for reactions, 
enzyme for protein, and gene for nucleic acid, he arrives 
at a sequence which is the reverse of the Beadle picture 
(21) for the same materials, i.e., gene-enzyme-reaction. 
From a concerted interpretation of Beadle’s concepts 
and those of the thermal experiments, a rational picture 
can be deduced (Fig. 2). The sequence proposed is a 
spontaneous generation in overlapping order of ana- 
bolic reactions, enzymic protein, and genic nucleic acid. 
The anabolic reactions, by virtue of the metabolites in 
the soup, are impressed upon the protein being formed, 
in a manner to be described as a substrate-enzyme 
interaction. The resultant enzyme proteins are then 
captured by spontaneous formation of the particulate 
organic salt of nucleoprotein, which is in effect an 
apparatus that captures the anabolic reactions. This, 
then, can be looked upon 4s a primitive, chemical 
mechanism for memory—to be invoked when the en- 
zymes are released to act upon the nutrient substrates 
(Fig. 2). Among the reactions captured are those that 
lead directly to the formation of more enzymic protein 
and more genic nucleic acid. In this way it becomes 
possible to visualize grossly the basic process of self- 
replication at the chemical level. A place to search for 
the dim evolutionary origin of human memory is also 
indicated. 

These considerations bear on another esoteric prob- 
lem of interest—the biochemist’s equivalent of the old 
problem of which came first, the chicken or the egg? 
In this case the problem is: which came first, the auto- 
troph or the heterotroph? In other words, was the 
first organism able to synthesize its needed substances 
or did it find these in the environment? Was the first 
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organism, as all current ones are, somewhere in between 
these two extremes in synthetic ability? 

For a long time, the consensus of biological belief 
held that the first organism was autotrophic (predom- 
inantly biosynthetic). In recent years it has been 
visualized that the necessary chemical complexity arose 
in the environment over a geologically long period of 
time and that some heterotrophic (essentially non- 
biosynthetic) type captured the resultant substances 
and gradually developed synthetic abilities as individual 
nutrients were exhausted from the primordial soup. 
Out of this situation eventually could evolve what would 
be an early autotroph. 

Each of these two explanations seeks to account for 
the presence of myriads of biochemical staples, bio- 
chemical intermediates, and macromolecules. With- 
out an attempt to assess the probable validity of 
propositions such as these, an alternative picture 
drawn from the thermal experiments will be presented. 

This picture visualizes that some combination of a 
few organic compounds, such as malic acid, urea, and 
a few others, with trace elements, phosphoric acid, etc., 
would give rise easily in a short period of time to many 
times as many compounds. If the energy source were 
continuous, e.g., thermal, these compounds would 
interact to form scores of new reactants, and these 
products would in turn react to form hundreds. The 
next stage could yield thousands of compounds, etc. 
This picture makes unnecessary a slow evolution of bio- 
chemical substances. If macromolecules with the prop- 
erties of an inheritance apparatus also arose through 
these pathways, the reactions (not merely the sub- 
stances) leading to the macromolecules would be cap- 
tured for reproduction. The thermal experiments 
indicate that all this could occur in less than a few hours, 
in fact, it would now be hard to visualize how a thermal 
environment would fail to yield a similar profusion of 
organic compounds in short order, once the obligatory 
reactants were present. 

Such an experimentally conditioned conclusion 
suggests an initial autotroph, a formation of this 
autotroph in a few small steps from the matrix which 
at that moment becomes environment, a dynamic 
biochemistry from the outset, an understanding of why 
only loss mutants? are found, and the origin of a bio- 
logical development which reflects prebiochemical 
evolution. This picture appears as the most consistent 
in the light of the experimental results so far uncovered. 

Among the more compelling segments of evidence 
for the essential validity of the proposed picture is the 
manner in which it is consistent with the biological 
principles of evolution and development. The bio- 
genetic law is based on the interpretation that the 
development of the embryo, in any animal, reflects the 
evolution of that form. Volumes can be written about 
this principle and its qualifications and, in fact, they 
have been. The modern outlook is that this generali- 
zation is more right than wrong (39). If the bio- 
logical principle is correct, then the mechanist expects 
that the phenomenon should be reducible to a chemical 
level. Inasmuch as the thermal pathways are so like 
the biosynthetic pathways, this requirement appears to 
be met. The concept of a biosynthetic reflection of 


2In the work of Beadle and colleagues (21), the biochemical 
mutants have lost synthetic abilities (compare 38). 
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prebiochemical evolution is an extension of Granick’s 
similar generalization covering purely biochemical 
phenomena (40). 


CONCLUSION 

Another biological principle that can be discerned at 
the chemical level is the Darwinian process of natural 
selection, which appears to operate with macromole- 
cules. Inasmuch as this concept has been quite fully 
treated elsewhere (16) only a few salient features will 
be mentioned here. Analyses of proteins have been 
interpreted to suggest a nonrandom emergence and 
kinship of protein molecules (1/6). A random relation- 
ship has also been proposed (4/) but the suggestion 
has been withdrawn (42). The possibility exists, 
however, of a kind of intermediate situation in which 
there are closely homologous proteins (proteins of the 
same function from different species) (15, 43) evolving 
in a narrow range alongside other homologous groups 
to which each group bears a heterologous (proteins of 
different function) relationship. This question resolves 
to the question of whether the first protein was one or 
many. It will be of interest to determine whether 
properly devised thermal experiments will suggest an 
answer to this question. 

Although it is less risky to treat the problem of the 
origins of the biochemical world than that of the origins 
of life, certain aspects of the biochemical origins are 
more rational if they can be fitted into a larger picture 
which permits understanding also of how biological 
units might have originated. This was the impetus 
for Figure 2 geologically. Three possibilities seem 
at present to offer promise of fitting all of the facts. 
Each includes what is considered the necessary modu- 
lation from an almost anhydrous system to a hydrous 
unit. The first of these is essentially the Copeland 
picture of a hot springs origin. The organic material 
would presumably enter through the voleanic bed. 

The Bernalian picture (7) of dried-up lagoons of the 
ocean could give concentrations of organic compounds 
sufficient to suit the requirements of the organic 
chemist for reactions to proceed as rapidly as any kind 
of dynamic system might require. __ 

A third picture is that of a hot, almost anhydrous, 
organic magma under pressure escaping into a warm or 
hot primitive ocean through a fissure in the ocean floor. 
In the thermal pathways urea figures heavily. Urea 
can be produced at temperatures such as 130°, in a 
closed system, from ammonia and carbon dioxide. 
Accordingly, a voleanic magma which could easily be 
at such temperature under pressure could provide 
conditions for original biochemical substances which 
would be extruded into marine waters. Under such 
conditions, protein formed in the anhydrous state 
could be expected to denature at the surface of small 
globules resulting from the extrusion at a temperature 
close to the boiling point of water. This denatured 
protein could be the necessary membrane for the irst 
cells. It is thus possible to see how chemical processes 
may lead to biochemical processes which in ‘urn 
produce physiological phenomena. The accomplish- 
ments of food technology are testimony to the thérmal 
stability of dry protein and the ease of denaturation of 
these substances when wet. ; 

Needless to state, there are many gaps to be filled in 
this yet highly tentative picture of spontaneous 4en- 
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eration. Attempts to fill in the outline will undoubt- 
edly provide further tests of the essential ideas. 


* * * * 


Several colleagues have remarked on the extent of 
lay interest in research and interpretation of this sort. 
Particularly, this research has been found to be of a 
type which does not require justification to the public 
in terms of how it will cure one of their physiological 
ailments, improve their economic status, or otherwise 
contribute to technological advance. Virtually every 
thinking individual, scientist or nonscientist, is in- 
terested in his remote origin. [If the hallmark of the 
scientist is truly curiosity, then everyone is a scientist 
to the extent that he displays curiosity. The curiosity 
of the average nontechnical man in the answer to the 
problem of spontaneous generation has been quite 
evident. Increasingly, however, it appears that the 
answer to this age-old question will be provided by 
interdisciplinary interpretation and design modified by 
continual chemical experimentation. 
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Hynrocen always has a valence of one, in the sense 
that it has only one electron which it can use in the 
formation of chemical compounds, by electron trans- 
fer of electron sharing. Nevertheless, a hydrogen 
atom bonded to an electronegative atom, such as 
fluorine, oxygen, or nitrogen, has an attraction for 
another electronegative atom. This attraction is in 
part due to the fact that the F—H, O—H, or N—H 
bond has a considerable degree of polarity, hence the 
hydrogen has an “effective” negative charge. There 
is doubtless also some resonance with a structure in 
which the hydrogen atom is bonded covalently to the 
second electronegative atom. For example, 


(2) 


Such systems are described as containing hydrogen 
bonds or hydrogen bridges. 

When the writer (/) and Latimer and Rodebush 
(2) presented the hydrogen-bond concept and used 
it to explain certain peculiar chemical phenomena, 
it was slow to gain acceptance. Since then, an im- 
mense body of experimental evidence in its favor 
has accumulated and the existence and importance of 
these bonds are generally recognized. 

The great importance of hydrogen bonds results 
partly from the fact that they exist in a very large 
number of systems of interest and importance—prac- 
tically all those which contain polar groups, such as 
hydroxyl, carboxyl, and amino groups—contributing 
to their stability and other chemical and physical prop- 
erties. Their importance is especially great because 
the hydrogen-bond energy (3, 4) (that is, the net en- 
ergy decrease when they are formed or the net increase 
when they are broken) is of the order of 5 kcal./mole, 
which is roughly one-tenth the usual bond energy for 
ordinary single bonds and ten times the average ki- 
netic energy per mole at room temperatures. Hydro- 
gen bonds are thus quite stable to collisions between 
molecules at ordinary temperatures, but are readily 
broken or interchanged at somewhat elevated tempera- 
tures and in chemical reactions. Except in some cases 
in which Coulomb attractions between ions exist, 
hydrogen bond forces are stronger than those of any 
other type between molecules and so are of great im- 


1 This paper is based on lectures by the author before several 
universities and scientific societies in Japan, while he was a Ful- 
bright Visiting Professor at Osaka and Kyoto Universities, 1955- 
56. A Japanese translation is being published in the journal, 
Kagaku to Kogyo. 
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portance in determining intermolecular structures, in 


solids and in liquids (including solutions). They are 
likewise of great importance in determining ‘nira- 
molecular structures, in molecules in which there would 
otherwise be flexibility and randomness of structure, 
as a result of easy rotation about single bonds. 


METHODS OF STUDY 


Since some of the more important methods of study- 
ing hydrogen bonds have recently been ably described 
and discussed in THIS JoURNAL by Gorman (J, 6), 
only a brief summary of the subject will be given 
here. 

X-ray diffraction methods have been most useful in 
showing the presence of hydrogen bonds in many types 
of crystalline compounds. Where such bonds exist, 
two electronegative atoms, one known to be bonded to 
a hydrogen, are found to be much closer together 
than would be expected if the attractive forces 
were only those of the van der Waals “dispersion” 
type. In fact, relative distances between the centers 
of the two negative atoms, for a given hydro 
gen-bond type (such as O—H- - -O), can be taken as 
rough measures of the hydrogen-bond strength. The 
shorter the distance, the stronger is the hydrogen bond. 
Recently, refined X-ray diffraction studies have led 
to determinations of the positions of the hydrogen 
atoms also (7). (Strictly speaking, they give the effec- 
tive centers of the electron clouds, which may differ 
appreciably, in the case of hydrogen, from the locations 
of the atomic nuclei.) In some instances, also, neutron- 
diffraction and nuclear magnetic-resonance studies 
have led to the location of the hydrogen atoms. 

Another important method of studying hydrogen 
bonds is by means of infrared absorption spectra. 
Certain bands, known 
to be characteristic of 
the vibrations of the 
oxygen and _ hydroge 
atoms in hydroxy! 
groups, for example, 
are displaced consider- 
ably from their normal 
positions in the spet- 
trum if the hydroxy! 
groups form hydrogen 
bonds. The frequency 
shifts are measures 0! 
the changes in the forces 
tending to hold the hy- 
drogen atoms in thelr 
equilibrium positions 


Hydrogen-bond distonce 


Stretching frequency 
Figure 1 
Hydrogen bond length vs. stretch- 
ing frequency, for certain types of 
hydrogen bonds. (Nakamoto, Mar- 
goshes, and Rundle (//).) 
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Figure 2 


Schematic representation of the structure of a KH:PO, crystal, within a 
domain in which the hydrogen bonds are so oriented as to interact coopera- 


tively. 


For a given hydrogen-bond type (e.g., O—H- - -O), 
the stronger the bond is, the shorter is the hydrogen- 
bond length (O- - -O) and the smaller is the frequency 
of the band related to the “stretching” vibrations 
(8-11) (see Fig. 1). 

Hydrogen-bond energies can be deduced from appro- 
priate thermochemical measurements, for changes 
involving the breaking of these bonds (3). Aggrega- 
tion resulting from hydrogen-bond formation can be 
studied by thermodynamic activity measurements on 
solutions or gases (3). Studies of ferroelectric proper- 
ties of crystals such as KH2PO, give information about 
cooperative interactions between hydrogen bonds 
(12, 13) (see Fig. 2). Specific heat measurements can 
be related to the symmetrical or unsymmetrical nature 
of hydrogen bonds (14). Hydrogen ion conductivity 
in water solutions can be related to the ease of changing 
fom an O—H- - -O configuration to an O- - -H—O 
configuration (15, 16). In some solutions, sudden 
changes in the types of hydrogen-bonding environment 
around the component molecules or ions (i.e., in the 
structon (17) types) occur at certain concentrations. As 
a consequence, the curves representing properties 
such as refractive index and dielectric constant show 
sharp breaks at these compositions (Fig. 3). The loca- 
tions of these breaks can be used to determine, or to 
limit, the types of hydrogen-bonding present in each 
composition range. Many more methods of studying 
hydrogen bonds might be cited. 

Many attempts (16, 19-22) have been made, with 
partial success, to compute the energies and other 
properties of hydrogen bonds from theoretical con- 
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0.2 04 06 os ike) 
Figure 3 

Variation of refractive index (n) with composition, for solutions of di- 


methyl formamide (A) and phenol (B) in carbon tetrachloride. The break 
m the curve at the equimolar point can be attributed to a strong tendency to 
re 1:1 complexes, presumably by hydrogen-bonding. (Huggins (17), 
tom data by Arshid, Giles, McLure, Ogilvie, and Rose (18).) 
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siderations. A considerable amount of knowledge 
has been accumulated from these theoretical studies 
and from the results of experimental researches, with 
regard to the effect of various environmental factors 
(such as the kinds of atoms attached to the electronega- 
tive atoms of the hydrogen bonds) on the bond proper- 
ties. 


FACTORS AFFECTING THE STRENGTH OF HYDROGEN 
BONDS (3) 


If we write 
A—H- - -B 


as a general formula for a hydrogen bond, then (other 
things being equal) the more polar the A—H bond the 
stronger will be the hydrogen bond produced. Also, 
the greater the effective negative charge on the B 
atom, the stronger will be the hydrogen bond. One 
way of making the A—H bond more polar is to make 
A an acceptor for another hydrogen bond. If B is at- 
tached to a hydrogen by a covalent bond, the effective 
negative charge on B will be increased by the formation 
of another hydrogen bond with this B—H. Thus, 
-A—H- - -B—H- - - is stronger than A—H- - -B—H. 
In agreement with this reasoning, the solid state struc- 
tures of substances containing hydroxyl groups are 
invariably such as to make each hydroxyl oxygen 
both a donor and an acceptor of a hydrogen atom; 
it constitutes an énd of two hydrogen bonds at the 
same time. To achieve this result, the hydroxyl groups 
link together by hydrogen-bonding to form either 
rings or chains of such great length that they can be 
considered infinite for all practical purposes. 

The stability of such chains and rings is enhanced by 
synchronous oscillations of the hydrogen-bonding hy- 
drogen atoms and the valence electron systems therein 
(23). 

The same arguments apply if the hydrogen bonds in a 
ring or chain are connected, indirectly, through a 
conjugated system of atoms. 

A carboxylic acid, for example, can donate its hy- 
droxyl hydrogen atom to one hydrogen bond and, at 
the same time, its carbonyl oxygen atom can be an 
acceptor for a hydrogen bond from a hydroxyl group 
of another carboxyl. Changes in electronegativity of 
the hydroxyl oxygen are transmitted, through the 
mobile electron system of the carboxyl group to the 
carbonyl oxygen, and vice versa. The CO.NH groups 
in polypeptides are likewise both donors and acceptors 
of hydrogen bonds, and these bonds are strengthened 
by uniting them together into rings or long chains. 


SYMMETRICAL AND UNSYMMETRICAL HYDROGEN 
BONDS 


Several lines of evidence (14, 24) agree in showing 
that the hydrogen bond in the HF,~ ion is symmetrical. 
The hydrogen is oscillating about a mean position mid- 
way between the two fluorine centers. The potential 
energy curve for the motion of the hydrogen along 
the fluorine-fluorine centerline has a single minimum, 
but is presumably much flatter than the corresponding 
curve for the HF molecule. 

Evidence has been presented (25, 26, 27) for the ex- 
istence of symmetrical O—H—O bridges in nickel di- 
methylglyoxime, 
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but there is no strong evidence, known to the author, 
for a symmetrical O—H—O bridge in any other sub- 
stance. Normally, the potential energy curve doubt- 
less has two minima, with an energy barrier between. 
Theoretical calculations show that this barrier can- 
not be very high and must be influenced greatly by the 
factors mentioned. Increasing the effective negative 
charges on the two oxygen atoms and conjugation 
with other hydrogen bonds both tend to decrease the 
size of the energy hump, facilitating’a jump of the hy- 
drogen from one side of the hump to the other (Fig. 4). 
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Figure 4 
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Theoretical potential-energy curves for OHO hydrogen bonds, assuming 
different O---O distances and uniform effective negative charges on the oxy- 
gen atoms. A similar set of curves results from the assumption of uniform 
O---O dist , with diff t effective charges on the oxygen atoms. 
(Huggins (16).) 
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Figure 5 


Projection of a portion of the network of hydrogen-bonded hydroquinone 
molecules in its clathrate complex with methanol or any of various other 
small molecules. The filled circles denote carbon atoms; the smaller open 
circles, oxygen atoms; and the larger open circles, the methanol (or other) 
molecules. Hydrogen atoms are not shown. 


INCLUSION COMPOUNDS (28, 29, 30) 


Certain types of molecules, containing hydrogen- 
bonding groups, interact in such a way as to form 
three-dimensional frameworks containing holes (or, 
in some cases, channels) large enough to contain 
other molecules. Even though these added molecules 
are not held by chemical bond forces or by hydrogen- 
bonding, van der Waals attractions suffice to keep 
them ;within the framework. Molecular compounds 
formed in this way have been designated as “Ein- 
schlussverbindungen” or “inclusion compounds,” 
“clathrate compounds,” and “framework structures.” 

Hydroquinone, p-CsH,(OH)2, for example, forms a 
hydrogen-bond framework into which go molecules 
of any of the following varieties (31, 32): A, Kr, 
H.S, SO., HCO.H, HCN, HCl, HBr, CH;OH, and 
CH;CN (Fig. 5). Larger molecules will not fit into 
the holes and so cannot be included. 

Urea, OC(NH2)s, forms a framework structure with 
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Projection (slightly idealized) of a portion of the network of hy ‘oge? 
bonded urea molecules in a urea complex with a normal paraffin hydroctbon. 


The projection of the zigzag hvdrocarbon chain is shown in the cente’ 
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N--H- - -O hydrogen bonds connecting the urea mole- 


cules (33). This structure contains channels which 
are sufficiently large to accommodate normal paraffin 
hydrocarbon molecules (Fig. 6). _Branched-chain paraf- 
fin or ring hydrocarbons will not fit. This fact has 
been utilized in the development of a commercial 
method for separation of branched and normal hydro- 
carbons from their mixtures. 

In the presence of hydrocarbon molecules of suffi- 
ciently small molecular size, water will freeze, at a tem- 
perature of a few degrees above 0° C., to a structure of 
cubic symmetry, in which the water molecules are 
hydrogen-bonded together in much the same way as in 
ordinary ice, but with regularly distributed holes, filled 
by the small hydrocarbon molecules (34, 35). 


HYDROGEN BONDING IN HIGH POLYMERS AND 
INCLUSION COMPOUNDS 


Poly(vinyl alcohol). The structures and many of 
the properties of many types of high polymers, both 
natural and synthetic, depend largely on hydrogen 
bond formation. One example is poly(viny] alcohol), 
[CH-CH(OH)],, which contains crystalline regions 
in which the molecular chains are nearly fully extended 
zigzags (36, 37), presumably connected by hydro- 
gen bonds in such a way that each hydroxyl oxygen 
atom forms hydrogen bonds to two others. 

There are two possible orientations of the C—H and 


C—O bonds in each CH(OH) group, relative to the 


plane of the two C—C bonds. As poly(vinyl alcohol) 
is customarily made, there is a random distribution of 
these two orientations within each molecule. Because 
of this randomness, a perfectly regular structure, within 
the crystalline regions of poly(vinyl alcohol), is not 
possible. Several alternatives, with regard to the 
details of the atomic arrangement, have been proposed 
(38). It seems likely that X-ray diffraction studies 
(39) now in progress will soon settle the points of dis- 
agreement. 

Cellulose. Cellulose molecules are known to consist 
of long strings of 6-glucose residues (see Fig. 7), with 
the glucose rings connected together by oxygen bridges. 


Arrangements of carbon and oxy- 


gen atoms in the molecules of 6- and 

gl Locati of the hydro- 

gen atoms are not shown. The 1 and 

4 oxygen atoms, which bridge be- 

B a tween the rings in cellulose and 
starch, are those at the extreme right 


and extreme left, respectively, in each 
case. 


Figure 7 


In the crystalline regions of native cellulose, these 
strings are nearly as fully extended as is possible, 
consistent with the maintenance of the customary 
bond angles and distances. The main features of the 
arrangement of the atoms are known, but not the 
details (40). 

One would expect the intermolecular forces to be 
almost exclusively of the hydrogen-bond type, and the 
X-ray data are in agreement with this expectation. It 
has been suggested, reasonably, that the molecular 
chains are tightly hydrogen-bonded together into sheets 
or layers, with fewer or weaker hydrogen bonds connect- 
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ing the sheets, but no detailed hydrogen-bond structure 
has been published. 
When cellulose absorbs water, the water molecules 


center into the structure between the cellulose molecules, 


undoubtedly participating in the hydrogen-bond sys- 
tem. Schematically, one can represent this as a change 
from a system like this: 


to one like this: 


The actual arrangements in space are, of course, more 
complex. 

Because of the rigidity of the main part of the glu- 
cose residue framework, it is impossible, in pure cellu- 
lose, for all of the hydroxyl groups to be in the best 
positions and with the best orientations for strong 
hydrogen-bonding. The introduction of water mole- 
cules introduces additional flexibility and relieves the 
strain where it is greatest. A few water molecules 
are therefore very tightly held. As more are added, 
however, the forces holding them become weaker. 
This is indicated by water vapor sorption studies (4/). 

Similar remarks should be applicable to water sorp- 
tion by other polymers in which intermolecular hydro- 
gen-bonding is important. 

Starch. Starch is known to be composed of two 
types of molecules. One, amylose, consists of linear 
chains of a-glucose units, connected at the 1 and 4 po- 
sitions by oxygen bridges. The other type, amylo- 
pectin, is similar, except that there are frequent 
branches. Although some facts have been learned 
about the nature of the structure at the branches, the 
degree of branching, etc., an adequate discussion of these 
matters would be lengthy and will not be attempted 
here. 


? 
d 
H 
o— 
H 
—O 
| 
o— 
—O O-- 
H H ‘ 
H H 
—O 
H H 
H H 
—O o— 
H H 
yurogen- 
ocarbon. 
er 
ATION 
483 | 


Amylose starch, in 
the native state, exists 
in two different types 
of erystalline structure, 
A and B, giving differ- 
ent X-ray diffraction 
patterns. The X-ray 
data from each of these 
have been interpreted 
(42) in terms of a unit 
cell, through which pass 
four extended molecular chains. If this is correct, the 
extension per two glucose residues is 10.6 A., even 
greater than the corresponding extension (10.3 A.) in 
cellulose. Such an extension would be impossible, if 
the glucose residues had the puckered arrangement of 
ring atoms found in crystalline a-glucose itself. It is 
possible (43), however, if the rings have the “boat” 
form of structure (see Fig. 8), with carbon atom 3 and 
oxygen 5 in the median plane of the boat. Another 
possibility, apparently in conformity with the X-ray 
data, is that there are only two molecular chains pass- 
ing through each unit, each chain being helically coiled 
with approximately four glucose residues per turn, in 
a hydrogen bonded structure similar to that discussed 
in the next paragraph. The optical data seem to 
favor the extended-chain alternative, although no 
adequate comparison of the two has been made. 

Another structural modification of amylose is the 
V form, produced by precipitation from solution. 
The X-ray data have been interpreted (44, 45) as in- 
dicating a helical structure with six glucose residues per 
turn. It is possible to build a model of this sort, with 
good hydrogen-bonding (Fig. 9). There is no intramo- 
lecular requirement that the number of residues per 
turn be exactly integral. In the model made by the 
writer, the a-glucose residues have the puckered-ring 
form. 


Figure 8 


Arrangement of ring atoms in the 
“boat” form of six-membered ring 
compounds. 


\ 
=0--- 


Figure 9 


Suggested pattern of bonds and hydrogen bonds in the V modification of 
amylose starch. The planar arrangement pictured is to be thought of as 
bent around a cylinder, in such a way as to produce a continuous helical 
chain molecule, with adjacent turns connected by hydrogen bonds. 


Certain other substances can be enclosed within these 
helixes (44, 45, 46). (Compare the inclusion com- 
pounds discussed earlier.) These include iodine and 
certain alcohols, acids, and nitro compounds. An 
obvious requirement is that they must be of such size 
and shape as to fit within the space available. There 
is probably also some specific dipolar or hydrogen- 
bonding interaction with groups which do not enter 
into the intramolecular framework or whose affinities 
are not sufficiently well satisfied within that framework. 


=0 
O= 
c=0 N-H-~ 
Ong N-H 
o= N-H 
ESS / Figure 10. Hydrogen-bonding in nylon 66 
(Bunn and Garner (47).) 
Figure 11. Hydrogen-bonding in nylon 6 
N-H =0-- (polycaprolactam) (Holmes, Bunn and Smith 
(48).) 
Figure 12. Proposed pattern of intermolec- 
ular hydrogen-bonding in nylon in 
yro H-N direction such as A---+A in Figure 15. The 
H-N =0 hydrogen A bonding in a B----B direction is 
\ similar, involving all NH and CO groups not 
hydrogen-borded in the directions. 
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Figure 13 


Schematic representation of proposed hydrogen-bonding system in nylon 
16, as projected on a plane norma! to the chain axes. 


The V modification seems to be formed only when 
molecules appropriate for inclusion are available. 

Polyamides. X-ray diffraction data from various 
polyamides of the nylon type show that, in the crystal- 
line regions, the molecular chains are practically fully 
extended zigzags. The evidence also indicates very 
extensive N—H- - -O hydrogen-bonding, probably in- 
volving all the NH and CO groups in the crystalline 
regions. In nylon 66, poly(hexamethylene adipamide), 
for instance, the hydrogen-bonding binds the chains 
together into sheets, in which the pattern of bonds and 
hydrogen bonds is as indicated in Figure 10 (47). 

In nylon 6, polycaprolactam, it is impossible to have 
rectilinear hydrogen bonds connecting all of the NH 
and CO groups, if the molecular chain is even approx- 
imately fully extended and 
if all the chains run in the 
same direction. If alter- 
nate chains run in opposite 
directions, however, good 
hydrogen-bonding and ex- 
tended chains are both pos- 
sible. (See Fig. 11.) Such 
a structure has, in fact, been 
found (48). 

Fornylon 16, poly (methyl- 
ene adipamide), no struc- 
ture with extended zigzag 
chains and rectilinear hy- 
drogen bonds binding the 
molecules into sheets is pos- 
sible. Either (1) there is 
some coiling or twisting of 


=0--H-N 
Figure 14 
Hydrogen-bonding in silk (52, 


56, 56, 57). Adjacent chains run 
Opposite directions. (60). 
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the molecular chains to give maximum hydrogen-bond- 
ing, (2) only half of the NH and CO groups participate 
in hydrogen-bonding (49, 50), or (3) each molecule 
is hydrogen-bonded to four others, rather than two, to 
give a 3-dimensional network, as shown schemati- 
cally in Figures 12 and 13. The last alternative seems 
most likely to be the correct one. 

Extended-Chain Structures (51). A recent X-ray 
diffraction study of Bombyx mori silk (52) confirms ear- 
lier hypotheses that it consists of extended polypep- 
tide chains (53, 54) and that these chains are connected 
in sheets by N—H---O hydrogen bonds (55, 56), 
with alternate chains oppositely oriented (Fig. 14; 
compare nylon 6, Fig. 11) and with the sheets packed 
together in such a way as to give good packing of the 
R groups between them. About half of the residues 
are glycine residues (gly); the other half are alanine 
residues (ala) plus some residues having larger side 
groups. The larger side groups in each sheet are all 
on the same side. This permits the layers to stack 
efficiently in pairs. 

In Tussah silk, there is a much larger proportion of 
alanine. A structure in which hydrogen-bonded sheets 
are paired, with only gly-gly contacts between the two 
sheets of each pair, is impossible. Otherwise, the 
structure (57) is essentially like that of Bombyx mori 
silk. 

Poly-L-alanine, like keratin and many other syn- 
thetic polypeptides, has been observed with two dif- 
ferent types of structure (58), a and 6. The 6 form 
gives X-ray photographs closely resembling those from 


Figure 15 


Projection, on a plane normal to the screw axis, of the structure proposed for polyglycine II by Crick and Rich 
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Tussah silk. Its structure is undoubtedly similar, 
although simpler in that all R groups are alike. 

The 6-forms of polyglycine and other synthetic poly- 
peptides are apparently also composed of sheets of 
extended polypeptide chains (58), joined by hydrogen 
bonds. From the identity distances in the direction of 
the fiber axis, it seems likely that polyglycine, at least, 
has (like silk) an antiparallel arrangement of the 
chains within each sheet. For a parallel arrangement, 
a somewhat shorter identity distance would be ex- 
pected (56). 

Although polyglycine normally has an extended 
structure of the 6-type, another form, giving X-ray 
data incompatible with such a structure or with an 
a-type structure, has also been observed (58, 59). For 
this form, Crick and Rich (60) have proposed a rea- 
sonable structure (Fig. 15). The polypeptide 
chains are extended, but not fully so, each chain 
being twisted around a 3-fold screw axis in 
such a way that the NH groups and carbonyl H 
oxygen atoms can form hydrogen bonds with 


oxygen atoms and NH groups, respectively, in ......... : 


the six surrounding molecular chains. 

Keratin, the protein of hair, which has been stretched 
in steam (6-keratin) gives X-ray photographs similar 
to those from silk, but with fewer and more diffuse 
diffraction spots, indicating less regularity of structure 
(61). The observed pseudo identity distance in the 
fiber direction is about 6.6 A., which is somewhat less 
than the 6.8-7.0 A. distances in Bombyx mori and 
Tussah silk and in the synthetic polypeptides having 
the extended (8) type of structure. This shorter iden- 
tity distance suggests that the structure is one in which 
all (or at least many) pairs of adjacent molecular 
chains are oriented in the same direction (55) (Fig. 
16). This probably results from a parallel-chain ar- 
rangement in a-keratin, the natural unstretched form. 

Alpha Polypeptides (51). The availability of syn- 
thetic polypeptides having crystalline structures from 
which good X-ray diffraction data can be obtained has 
made it possible to limit greatly their possible molecu- 
lar structures (68). Although extended -type struc- 
tures are sometimes obtained, most of the samples 
which have been studied give X-ray and infrared data 
agreeing with a spiral molecular arrangement, with 
hydrogen bonds connecting consecutive turns, as pre- 
dicted (55) for a-keratin. Poly(y-methyl-L-gluta- 
mate), for example, probably consists of molecules hav- 
ing a spiral structure in: which the hydrogen bonds 
form 13-atom rings (62, 63) as indicated by the formula. 


An 11-atom ring spiral (62, 64, 65) 


does not seem to be definitely ruled out, but is less 
likely. 

Alpha Keratin. Keratin in the unstretched alpha 
form gives X-ray photographs (61, 66) which resemble, 
in their main features, those from the alpha forms of 
the synthetic polypeptides. It seems certain that 
a-keratin consists primarily of helical molecules, 
probably of the 13-atom ring type, in a roughly close- 
packed arrangement (67). 


Collagen. Many models have been proposed for thie 
structure of collagen (the protein of connective tissue). 
All but one, however, are either in definite contradic- 
tion with experimental facts or permit only half of 
the NH groups in each polypeptide chain to be hydro- 
gen-bonded to CO groups in the same or other chains. 

The only model which seems, to the writer, to be 
satisfactory is one recently proposed by him (68), in 
which each polypeptide chain is helically coiled, 30 
residues per 3 turns and per 28.6 A. translation, with 
the residues in groups of three. In the idealized stric- 
ture, each group of three residues contains one glycine 
residue, one of proline or hydroxyproline, and one of 
another type. The pattern of bonds and hydrogen 
bonds is as indicated, for two 3-residue groups, in the 
formula diagram, 


H H 


H H H H O 
HRO/Y -\O H 


KO H 


and in Figure 17. The spiral is left-handed for levo 
orientations at the asymmetric carbon atoms. 

All of the peptide NH groups are hydrogen-bonded 
to carbonyl oxygens of other peptide groups. The 
rings formed by these hydrogen bonds contain 10 atoms 
each. As far as can be determined from the model, 
the N—H and C=O bond orientations are in agree- 
ment with the infrared evidence. 
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Figure 16. Proposed hydrogen-bond pattern for 8-keratin. Adjacent 
chains run in the same direction. Some distortion and shortening of the 
zigzag chains would be expected, in order to make the N—H---0 _bonds 
more nearly rectilinear (55). 


Figure 17. Diagrammatic representation of the pattern of bonds and 
hydrogen bonds in slightly more than the pseudo unit of the structure pro- 
posed for collagen (68). The molecular structure is derived by coiling the 
structure shown here around an axis normal to the plane of the projection, 
in such a way as to produce a continuous spiral polypeptide chain. 


The analytical data show that close to one-third of 
the total number of residues are glycine residues, 
—NH—CH:—CO—, in agreement with the model. 
The proline and hydroxyproline residues together con- 
stitute only about 22%, but it seems reasonable to sup- 
pose that the residues which yield aspartic acid ai glu- 
tamic acid on hydrolysis, when in native collagen. con- 
tain rings which act structurally much like proline and 
hydroxyproline rings. Such rings might be produ 
by hydrogen-bonding or by condensation reactions: 
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It is perhaps significant that the sum of the numbers of 
residues of these four kinds is very near to one-third 
of the total. 

In the arrangement described, the proline and hy- 
droxyproline rings (and also the glu and asp side chains, 
if they have the ring structures suggested) extend 
outward from the rest of the structure. The hydroxyl 
groups of the hydroxyproline residues are thus appro- 
priately situated for interchain hydrogen-bonding. 
This is in agreement with the experiments and deduc- 
tions of Gustavson (69). 

The model described requires further checking and 
elaboration, of course. It is presented, tentatively, as 
the model which, in the writer’s opinion, is most likely 
to approximate the true structure of collagen. 


OTHER BIOLOGICAL SYSTEMS 


In recent years, it has become evident that hydro- 
gen bonds play important roles in many biological 
systems and processes. A few speculative examples 
may be cited. 

Hydrogen bonds between purine and pyrimidine 
rings hold together pairs of helical molecular chains in 
the nucleic acid structure, according to the model of 
Watson and Crick (70). The transmission of a nerve 
impulse may consist essentially of the reversal of po- 
larity of the hydrogen bonds in chains of such bonds, 
conjugated together (77) (Fig. 18). Muscle contrac- 
tion and expansion may consist primarily of chemically 
controlled coiling and uncoiling of polypeptide chains— 
changing intermolecular hydrogen bonds into intra- 
molecular hydrogen bonds, and vice versa. Flagella 
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a's a possible mode of conduction of an impulse in a verve fiber 
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locomotion may involve the same sort of process. 
Memory may be related to the setting up of standing 
wave patterns of oriented hydrogen bonds in the brain, 
and thought may involve changes in such wave pat- 
terns. 


CONCLUSION 


Enough examples have been cited to illustrate the 
importance of hydrogen-bonding in determining or 
modifying the structures of chemical substances and 
biological systems and in affecting properties which 
depend on these structures. Many more examples 
could be given. There seems to be good reason to 
believe that hydrogen bonds will become increasingly 
important in many fields of science: chemistry, phys- 
ics, mineralogy, biology, etc. 
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William Haynes 


HISTORY DIVISION DEXTER AWARD TO HAYNES 


and ‘‘Chemical Industries.’ 


Tue annual Award, administered by the American Chemi- 
cal Society’s Division of History of Chemistry, was pre- 
sented to William Haynes on September 11, during the 
society’s 132nd national meeting in New York City. The 
Award, presented for the first time last year to Dr. Ralph 
E. Oesper, was established by Dexter to recognize ‘“‘note- 
worthy contributions to the advancement of the history of 
chemistry.” 

Mr. Haynes completed in 1954 a six-volume work en- 
titled ‘‘American Chemical Industry.” This history of 
the growth of chemical production from the Jamestown 
Colony up to World War II is believed to be the most com- 
prehensive one ever written in the United States and pos- 
sibly in Europe. 

Mr. Haynes is the former owner and publisher of well- 
known business and technical publications. He has lec- 
tured at many universities on the history of chemistry and 
chemical economics. From 1919 until 1921 he was a mem- 
ber of Hoover commissions on business and on chemical 
standards. 

Among his well-known books are: ‘Chemical Econom- 
ics,” a textbook (1933); ““Men, Money and Molecules” 


(1933); “(Chemical Pioneers” (1939); “This Chemical Age” (1942); “The Stone that Burns” 
(1942); “The Chemical Front’’ (1943), and ‘‘Cellulose, the Chemical that Grows.’ 

Included among many articles Mr. Haynes has written is ‘‘“Rationed Rubber and What to do 
about It.” Published in 1942, this paper, co-authored by E. Hauser, helped clarify the problem 
of the rubber shortage. He was the first editor of ‘Chemical Who’s Who” in 1928 and has worked 
on this book for five editions. 

Mr. Haynes was born in Detroit, Michigan, on July 29, 1886. He is a graduate of Johns Hop- 
kins University where he specialized in chemistry, biology, and economics. Prior to entering 
college he worked for six months as a reporter on the old New York Sun. After graduation he 
went to work for his publisher father. 
zine “Drug & Chemical Markets” which he split into two magazines, ‘Drug & Cosmetic Industries” 
He sold out his control in the publishing business in 1935 and re- 
tired to Stonington, Connecticut, to devote his time to writing. At present he is writing biogra- 
phies and is rewriting ‘“The Stone that Burns,” the story of sulfur, now out of print. 
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From O. D. Haynes & Co., he purchased the trade maga- 
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Ix reacHING unit operations, actual demonstration of 
the principles involved is often difficult to accomplish. 
To be sure, most schools have a unit operations lab- 
oratory, but its pilot plant size equipment is not well 
adapted for operation in immediate conjunction with 
the regular lecture course. As a result, the under- 
graduate unit operations lecture course is frequently 
devoid of all demonstration—a situation which our 
colleagues in the physics or chemistry departments 
would never countenance in their basic lecture courses. 
Furthermore, in the laboratory itself the difficulties 
involved in mastering the technique of merely operating 
a relatively complex piece of equipment often detract 
from the students’ appreciation of the basic principles 
involved. In addition, the data obtained in under- 
graduate experiments are sometimes so erroneous as to 
render valid conclusions regarding the particular opera- 
tion unobtainable. 

In an effort to meet these difficulties, at least in part, 
the author has made use of some very simple yet quan- 
titative experiments (not all of which are entirely new) 
designed to illustrate fundamental principles. These 
“two-penny” experiments, of course, are not meant to 
replace the traditional unit operations laboratory course 
but rather to supplement it. They can be used for 
both classroom demonstrations by the instructor and 
for laboratory work by the students. 


FLUID FLOW 


Taking the unit operation of fluid flow as an example, 
perhaps one of the simplest experiments that can be 
set up involves little more than a stopwatch and a 50- 
ml. buret with a one foot or so length of capillary tubing 
of known i.d. connected to its tip. By filling the buret 
with water at room temperature, allowing it to drain 
through the capillary, timing the passage of 5 ml., 
and measuring the arithmetic (or more strictly the 
logarithmic) mean height of the falling meniscus, the 
Fanning equation! for viscous flow (essentially Poi- 
seuille’s Law) can readily be demonstrated. By re- 
peating the experiment using a longer capillary the 
results for both runs can then be combined in such a 
way as to “subtract out’ the small resistance of the 
buret itself. This procedure yields results of a high 
order of accuracy. 

The seope of the experiment can be easily extended 
by using different liquids, varying the temperature 
somewhat, and changing the dimensions of the capil- 
laries. For greater mathematical, but not experi- 

‘ A relationship involving pressure drop and flow rate for a fluid 


flowing through a tube or other conduit in either turbulent or 
viscous flow (4). 
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“TWO-PENNY” EXPERIMENTS IN CHEMICAL 


ROBERT LEMLICH 
University of Cincinnati, Cincinnati, Ohio 


mental, complexity the liquid level may be allowed to 
fall almost through the entire buret so that use of the 
arithmetic mean height would introduce an appreciable 
error. Then the differential form of the equation 
can be applied and integrated to show the logarithmic 
considerations involved in this type of unsteady state 
flow. This has been done by the author not only to 
illustrate fluid flow principles but, by analogy, to il- 
lustrate the kinetics of first order chemical reactions 
(2). Similarly the rising and falling levels of burets 
in series have been utilized to demonstrate by analogy 
the changes in concentration involved in consecutive 
first order chemical reactions. 

Another convenient small scale experiment that can 
be set up involves measuring and correlating the drag 
coefficients of falling particles. Experimentally, this 
merely requires timing the limiting rate of fall of a small 
sphere through a volume of liquid. Glass spheres or 
balls from small ball bearings may be used. A bell 
jar or a graduated cylinder of sufficient cross section to 
eliminate wall effects can serve as the liquid container. 
By varying the sphere size and density, and by using 
different liquids, a number of variables can be intro- 
duced and their effects studied. (Even the effect of 
particle shape can be investigated simply by using non- 
spherical particles.) The drag coefficient can be then 
correlated in terms of Reynolds number? in the usual 
way and compared with the generally accepted re- 
lationship (1). Very satisfactory agreement has thus 
been obtained by our students. The ease with which 
ail variables can be determined and many of them al- 
tered makes this experiment well suited not only for 
illustrating the basic principles of the particular unit 
operation involved but also for demonstrating the gen- 
eral concepts and utility of correlating physical phe- 
nomena in terms of dimensionless groups. 


HEAT TRANSFER 


Simple experiments can also be devised for heat 
transfer. For the sake of illustration these will be 
described in greater detail. 

With a little warm water, a good mercury thermom- 
eter (preferably with a large bulb), and a watch, 
some of the fundamentals of natural convection can be 
demonstrated. The thermometer bulb is first warmed 
in the water, withdrawn, dried with a towel, and then 
allowed to cool down by natural convection to room 
air. The time is recorded for various temperature 
readings. Now, for bodies of moderate size in natural 
convection to air under moderate conditions and mod- 


? A dimensionless quantity which is a measure of the degree of 
turbulence in a fluid (4). 


chm, 
. 
BEES, * 
2). 
rist., 
‘Syn- 
1956. 
1934), 
. Soc. 
Proc. 
ANBY, 
ty of 
demic 
953). 


0.4 


0 2 4 6 8 
Time (minutes) 


Figure 1. Natural Convection 


erate temperature difference At, generalization of 
McAdams’ (3) simplified equations for cylinders yields 


hin (1) 


where h is the coefficient of heat transfer, D is a charac- 
teristic linear dimension such as diameter, At is the 
absolute value of temperature difference between body 
and ambient air, and K is a constant for the particular 
system. However the heat loss dQ can be expressed 
by either 


aQ 

hAdt (2) 
or 

dQ = —medi (3) 


where A, m, c, and ¢ are the thermometer bulb area, 
mass, heat capacity, and temperature, respectively, 
and @ is the time. Furthermore, for a constant room 
temperature, 


dt = d(At) (4) 
Then neglecting the slight variation in high capacity 
with temperature, combining these four equations, and 
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Figure 2. Forced Convection 


finally integrating without limits, gives 
(at)~'* = ad +b (5) 


where a and b are constants. 

Thus a plot of (At)~'”* against time yields a straight 
line—a conclusion which when bolstered by experi- 
mental results has never failed to impress our students, 
Figure 1 shows the results of such an experiment. 

With the addition of a velometer (to measure air 
velocity) and an air jet, forced convective cooling of 
the thermometer bulb can be studied. Neglecting 
the small variation in h with temperature and the stil] 
smaller variation in c, combining equations (2), (3), and 
(4), and then integrating, yields 

In At = a’0 +b’ (6) 


for a given air velocity, where a’ and b’ are constants, 
In other words In At is linear against time. Experi- 
mental verification is shown for several velocities in 
Figure 2. 

Now it can be readily shown that the slope of these 
lines is virtually proportional to h and the Nusselt 
number.* Furthermore, for a given thermometer 
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Figure 3. Partial Correlation for Forced Convection 


bulb, the Reynolds number is essentially proportional 
to the velocity. Thus a logarithmic plot of the slope 
from Figure 2 against the velocity will itself give es 
sentially the same slope as a logarithmic plot of Nus- 
selt number against Reynolds number. McAdams 
generalized correlation (4) for forced convection outside 
cylinders indicates this slope should be about 0.6. 
The sample results shown here in Figure 3 yield a slope 
of 0.58, again demonstrating the good results obtainable 
from such a simple experiment. 

As a final example of these little heat transfer experi- 
ments the one which appears to intrigue our students 
the most involves the mere melting of ice. To conduct 
this experiment a small piece of ice is suspended by 
string over a graduated cylinder and allowed to melt 
by natural convection with room air. As the liquid 
collects, its volume and the time are recorded periodi- 
cally. If the experiment is concluded before the ice 
has entirely melted, its final weight should be recorded. 

The analysis for this case involves combining equa- 
tions (1) and (2), recognizing that the heat transferred Is 
proportional to the decrease in the mass of ice, and also 
recognizing that for a given geometric shape any 
characteristic linear dimension D is proportional to the 
square root of the area and cube root of the volume. 
Near constancy of geometric shape is obtained by 

* A dimensionless quantity which is a measure of the heat 
transferred from a surface by combined conduction-convectio 
relative to that transferred by conduction alone (5). 
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taking data only after the ice has about half melted so 
that the “corners” have rounded off. Integrating for 
constant room temperature gives 


= +b" 


(7) 


where M is the mass of unmelted ice and a” and b” 
are constants. Figure 4 shows the good fit to experi- 
mental results obtainable with this equation. 

Alternatives to extend this last experiment include the 
use of forced convective air flow at various velocities, 
and the use of subliming dry ice set on a balance so 
as to give a continuous record of its weight. 


PSYCHROMETRY 


Simple experiments can also be performed to dem- 
onstrate some of the principles of psychrometry 
(humidity measurement). For example, the humidity 
of room air can be determined first with wet and dry 
bulb thermometers and then with a dew point hygrom- 
eter. The two results are then compared. If de- 
sired, an independent check on both determinations can 
be made by forcing room air through a filled drying 
tube by means of a rubber pressure bulb. The hu- 
midity is then obtained from the increase in the weight 
of the bulb and from the quantity of air passed, which 
may be measured by collection over water. 

As another example, a stream of air can first be dried 
by passage through a good desiccant in a simple ab- 
sorption train and then passed over wet and dry bulb 
thermometers. The humidity of the dried air is thus 
determined and compared with the “theoretical” 
value of practically zero. The air can also be preheated 
with a Bunsen flame before it reaches the thermometer 
and the humidity determined at elevated temperatures. 
Each such determination is again compared with zero. 
In this way the psychrometric chart can be substan- 
tiated, at least in part, for the student. 


DISTILLATION 


Quantitative small scale experiments in distillation 
can be performed too. Rayleigh’s equation for simple 
batch operation can be easily tested using ordinary 
glass apparatus. Suitable systems include chloro- 
form-benzene which can be analyzed with a refractom- 
eter and methanol-water which can be analyzed with a 
Westphal balance. 

Some of the fundamentals of steam distillation can 
be demonstrated simply by boiling off and condensing 
a mixture of water and some virtually immiscible 
liquid such as benzene or carbon tetrachloride. The 
sum of the vapor pressures of water and the other 
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Figure 4. Melting and Sublimation 


component (at the measured temperature of the 
saturated vapor) can be compared with the prevailing 
total pressure, to which, of course, it should be nearly 
equal. The invariance in relative distribution of the 
two components as they settle out in the condensed 
distillate can also be demonstrated. Finally, the pro- 
portionality between the moles of each component 
in the distillate and the vapor pressure of that compo- 
nent can be checked. Good results have been obtained 
by students. 

In conclusion, the simple experiments described 
represent only a few of the many which can be devised. 
When the students themselves perform such experi- 
ments they are required to write up the results in the 
form of a research publication rather than an industrial 
report as required for our regular unit operations 
laboratory work. By the large, student interest and 
response have been gratifying, and we feel these ex- 
periments have a definite place in their training. 


LITERATURE CITED 


(1) Brown, G. G., et al., “Unit Operations,” John Wiley & 
Sons, Inc., New York, 1950, p. 76. 

(2) Lenmuica, R., J. Cuem. Epuc., 31, 431 (1954). 

(3) McApams, W. H., “Heat Transmission,’’ McGraw-Hill 
Book Co., Inc., New York, 1954; pp. 173, 177. 

(4) Ibid., p. 176. 

(5) Perry, J. H., “Chemical Engineers’ Handbook,” McGraw- 

Hill Book Co., Inc., New York, 1950, Sections 5 and 6. 


Nuclear Reactor Materials.’’ 


OLUME 34, NO. 10, OCTOBER, 1957 


CONFERENCE ON ANALYTICAL CHEMISTRY IN NUCLEAR TECHNOLOGY 


Tue Oak Ridge National Laboratory is inaugurating an annual series of unclassified meetings on 
the role of analytical chemistry in nuclear reactor technology. The first meeting is to be held in 
Gatlinburg, Tennessee, on November 4 to 6, 1957. The subject of the meeting is ‘The Analyses of 
For further information write D. D. Cowen, Director of Public 
Relations, Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tennessee. 
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STATE? 


Tue gas-liquid critical state usually is mentioned 
briefly in the general chemistry course as an interesting 
physical phenomenon. In the elementary physical 
chemistry course this phenomenon is again discussed 
and is usually expanded upon. Such interest in the 
critical state is certainly warranted on the basis of its 
practical importance in many present-day processes. 
While there is adequate justification for introducing 
the critical state in a first course of chemistry, one can 
well criticize the approach that appears to be cus- 
tomarily used. The definition commonly given to and 
usually remembered by the student is one that applies 
only to pure substances. In applied work one almost 
never deals with a pure substance—certainly not in 
chemical processing or in petroleum production and re- 
fining. The student should not be left with a concept of 
the critical state that is limited only to pure substances 
when there is an alternative definition applicable to 
both pure substances and mixtures. The author’s 
experience, both in teaching and in an industry in 
which chemists and engineers handle complex mixtures 
in the critical region, is that far too many persons when 
confronted with the phrase “critical state’ will recall 
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HOW SHOULD WE DEFINE THE CRITICAL 


whic 
secti 
crite! 
J. G. ROOF 
Shell Development Company, Houston, Texas oe 
such 
critic 
only the statement that the critical temperature is the later 
highest temperature at which gas and liquid phases can J!" 1 
coexist. Perhaps more confusing is the less precise Va 
statement sometimes made that the critical tempera 
ture is that temperature above which gas and liquid | '¢ ¢ 
phases cannot coexist (/). 
The purpose of this paper is to review a few points 
about the critical behavior of pure substances and of : 
mixtures in order to emphasize the fundamental con- 
cept of the critical state that applies to gas-liquid mix- 
tures of any number of components: namely, the critical 
state is that state of temperature and pressure at which $2 
the two phases become so nearly alike that they no : 
longer can coexist. : 3 
PURE SUBSTANCES 
Let us consider the equilibrium between the liquid 
phase and the vapor phase of a pure material. The 
vapor pressure has a definite value at a given tempera- 
ture and is not dependent on the relative amounts 
of the two phases—whether the substance is saturated 
vapor at its dew point, saturated liquid at its bubble 10 
point, or any proportion of the two phases. The vapor 
pressure increases with temperature, as is illustrated by 
the line axC in Figure 1, plotted from data (2) on pure 
butane at elevated temperatures and pressures. The § and t 
density of the butane, either as a liquid or as a vapor, is J menisi 
determined by the pressure and temperature (expressed § tion fi 
here in pounds per square inch absolute and degrees § may b 
Fahrenheit, respectively). Included in Figure |, are § discer: 
selected constant-density lines. It is apparent that in Altk 
general when the two fluid phases coexist (at points face h 
along the line axC), the phases are of different density. J posses 
However, the two approach the same value as the point one sh 
C is approached at the upper end of the vapor-pressure & vertics 
curve. A plot of temperature vs. density of the two § pressw 
coexisting fluid phases is shown in Figure 2. ccord- § since , 
ing to the Law of Cailletet and Mathias the average § point), 
density of the two phases is constant and is equa! to the ff value | 
critical density p,. Although this law is generally not § tion ir 
true, the value of the average density is a linear or neal- § confusi 
linear function of the temperature, as shown by the § the m:; 
dotted line in Figure 2. throug 
Some elementary texts do mention the increasing § in tem 
vapor density and the decreasing liquid densi‘y and Sine 
their becoming equal at the critical state. When this § bution 
fact is mentioned, it is seldom emphasized, ani! it § § on the 
not pointed out that as the critical state is appr ruched, the abs 
the two fluid phases also become increasingly alike in informs 
their other physical properties. theory 
If we were always to deal only with pure subst:nces, & ing suc 
we could describe the gas-liquid critical state by either J future j 
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of these two criteria: (1) The critical state is that state 
of temperature and pressure at which the two coexist- 
ing fluid phases become so nearly alike that they no 
longer can coexist(3, 4, 5,6); or (2) the critical tempera- 
ture [pressure] is the highest temperature [pressure] at 
which the two fluid phases can coexist. In the next 
section we shall see that only the first of these two 
criteria is applicable to mixtures. 

The critical point of a pure substance represents 
a definite state of the system. There a substance has 
certain definite values for its physical properties; 
such as, critical density, critical refractive index, and 
critical Joule-Thompson coefficient. As we shall see 
later, any particular mixture also has definite values 
for its physical properties at its critical point. 

Various methods of determining the critical point 
have been described (7). One approach is to observe 
the disappearance of the meniscus between the liquid 
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Figure 2. Density of Coexisting Fluid Phases 


and the gas phases. If, instead of observing the 
meniscus by transmitted light, one notes the reflec- 
tion from the interface, a slightly higher temperature 
may be attained before the diffuse surface is no longer 
discernible (8). 

Although the material at the level at which the inter- 
face has just disappeared is at its critical state and 
possesses the critical values of its physical properties, 
one should recognize that not all of the material in a 
vertical cylinder is under the same environment. The 
pressure in the lower part of the cylinder is higher and, 
since dp/dp is large (actually infinite at the critical 
point), the density is also higher. In general, the 
value of any physical property will depend on eleva- 
tion in the cylinder. The critical state is not to be 
confused with that state at which the properties of 
the material finally have become essentially uniform 
throughout the cylinder by a further (usually small) rise 
in temperature. 

Since the gravitational field does affect the distri- 
bution of the substance, there has been speculation (8) 
on the behavior of substances at the critical state in 
the absence of gravitational fields. If available, such 
information might resolve some questions about the 
theory of the critical state. The possibility of perform- 
ing such experiments in space ships or satellites in the 
future is an intriguing prospect (8). 
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BINARY MIXTURES 


In this discussion we shall deal only with mixtures of 
substances which are completely miscible in the liquid 
state. 

Figure 3 is a plot of data (9, 10) on a particular 
mixture of methane and butane (25% methane by 
weight). This figure is analogous to Figure 1 for a 
pure substance. No longer is there a simple vapor- 
pressure line. In general the coexisting liquid and 
vapor phases are of different composition. It is this 
difference in composition of the two phases which per- 
mits fractionation by distillation. 

Any point within the loop represents a combination 
of temperature and pressure which results in two phases 
of differing composition and properties. The upper 
boundary aP,,.,C is the bubble-point locus of the 
saturated liquid. The lower boundary b7’,,.C is the 
dew-point locus of the saturated vapor. The orienta- 
tion of constant-density lines in the single-phase region 
outside the loop would be quite similar to that of pure 
butane in Figure 1. 

From the information given in Figure 3, one cannot 
calculate either the composition or the density of the 
liquid and of its coexisting vapor phase for points 
within the two-phase loop. However, this information 
can be obtained from the data published for this system. 
From those data it is evident that the two coexisting 
phases differ in both composition and density at all 
points within the loop and on its boundary except at the 
single point C. We may plot densities of the two 
phases as functions of any path within the two-phase 
loop. If that path crosses the boundary at any point 
other than C, one of the two phases will disappear by 
vaporization or condensation before the two phases be- 
come equal in density. In Figure 4 we have plotted 
temperature versus density of the bubble-point liquid 

and of its vapor phase along the line aP,,,,C. Along 
this path the liquid always contains 25% methane by 
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Figure 4. Density of Coexisting Fluid Phases at Bubble Point 


weight. It is noticed that at 190°F. the densities be- 
come identical. The plot along a different path is 
shown in Figure 5, where pressure is plotted versus the 
phase densities at the constant temperature of 190°F. 
If a plot of the type shown in Figure 5 had been at- 
temped at any lower temperature, the vapor phase 
would have disappeared before the two phases became 
equal in density. 

For this particular mixture, there is one temperature, 
190°F., and one pressure, 1698 p.s.i.a., at which the two 
phases assume the same density. The critical point 
for this mixture then is at this temperature and this 
pressure. 

The critical point is seen not to lie at either the 
maximum temperature 7,,,. or the maximum pressure 
Pax On this two-phase envelope. Liquid and vapor can 
coexist at temperatures more than 30°F. above the 
critical temperature or at pressures more than 60 p.s.i. 
above the critical pressure. For binary systems we 
cannot associate the critical state with either the maxi- 
mum pressure or the maximum temperature at which 
two phases can coexist. We are left with the general 
definition of the critical state as being that state in 
which the two phases become so alike in properties that 
they merge in a single phase. 

One who has always thought in terms of “the highest 
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temperature at which...’ may ask whether it is not 
possible to continue to use this idea of maxima in tem. 
perature and pressure. It can be shown that if one 
knows the position of the critical point C relative to P,,, 
and T’,,, (in Figure 3), some such statements cai. be 
made. First, however, one should perhaps consider 
the nature of the material in the critical region and also 
the retrograde behavior within the loop near the critica] 
point. 

DESCRIPTION OF FLUID PHASES 


The definition of the critical temperature as “‘the 
highest temperature at which...” not only restricts 
the student to consideration of one-component sysiems, 
but also tends to give him a false impression of the 
nature of the material in the single-phase region. In 
Figure 1 at point x along the vapor-pressure curve of a 
pure substance two fluid phases can coexist. The more 
dense of these two is customarily called liquid, and the 
less dense, vapor or gas. Suppose the pressure is in- 
creased isothermally; the vapor phase condenses and 
the liquid phase alone remains. If the pressure is in- 
creased still further, to the point y, we generally say the 
material is a liquid. If it is then heated at constant 
pressure from y to z, the system expands considerably, 
but at no time does a new phase appear, and we might 
say at z the material is presumably still liquid. On the 
other hand, starting at z, we may heat the material at 
constant pressure and cause all liquid to disappear. 
At u the system is thus said to be gaseous. Iso 
thermal compression from u to z causes considerable de- 
crease in volume but no separation of a new phase. 
So we might think of z as representing a gaseous state— 
in contrast to our earlier experiment which led us to 
think of z as a liquid. 

The point is that when one deals with systems at 
pressures and temperatures in the critical region, one 
must be cautious in designating the nature of a fluid 
phase in common terms. 

When a student has been subjected to “the highest 
temperature at which...’ concept, he frequently 
visualizes—or even draws—an isotherm upward from 
the critical point to demarcate the liquid and gas 
regions. Some writers arbitrarily divide the pressure- 
temperature plot into four arbitrary regions labeled 
liquid, vapor, gas, and fluid, with the four regions hav- 
ing corners at the critical point. However, others con- 
sider such division as not only unnecessary but actually 
misleading. The only real phase boundary, the only 
locus along which two phases of a pure substance call 
coexist at equilibrium, is the liquid-vapor equilibrium 
line axC. All properties of the material change con- 
tinuously along any smooth curve except when the 
path crosses the liquid-vapor locus. If for a mixture 
we should divide the area around the critical point into 
the four arbitrary regions of liquid, vapor, gas, and 
fluid, we could have (if the system is such as to allow 
the critical point to fall at point Cy in Figure 7 below 
the following designations for equilibrium between @ 
denser and a lighter phase: liquid-vapor, liquid-¢:s, and 
liquid-fluid. 


RETROGRADE BEHAVIOR IN MIXTURES 


Under the more usual conditions for mixtures, as at 
point d in Figure 3, isothermal increase in pressure 
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causes condensation (e.g., from 30% liquid to 40% 
liquid in the container) whereas isobaric increase in 
temperature causes evaporation (e.g., from 30% to 
20%). This normal type of behavior may not be 
the case in binary (and more complex) mixtures near the 
critical point. For example, in Figure 6, isothermal 
increase in pressure from 7 to h does cause partial con- 
densation in the normal fashion, but further pressure 
increase from h to g causes this liquid to revaporize. 
This is an example of isothermal retrograde vaporiza- 
tion. The opposite path from g to h is one of isothermal 
retrograde condensation. Similarly, the path from n 
to m is normal isobaric vaporization, but from m to k 
is isobaric retrograde condensation, and from k te m 
is isobaric retrograde vaporization (1/). 

The critical point of a mixture of methane and butane 
of the given composition lies between the points P,,,. 
and 7’... Not all systems exhibit this behavior. For 
present purposes we may recognize three cases, as 
shown in Figure 7. If the critical point falls at C,, 
both P,,,, and T,,,, lie on the dew-point locus; if at 
Cu, P.osx is on the bubble-point locus, while 7,,,, is on 
the dew-point locus; if at Cj,;, both lie on the bubble- 
point locus. For each of these three cases we can give 
different definitions of critical temperatures and critical 
pressures in terms of “highest value at which....” For 
C,: the critical temperature is the highest temperature 
at which the gas phase can undergo complete condensa- 
tion; the critical pressure is the highest pressure at 
which the gas phase can undergo complete condensation. 
For (,;: the critical temperature is the highest tempera- 
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Figure 7. Three Possible Locations of the Critical Point 
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ture at which the gas phase can undergo complete 
condensation; the critical pressure is the highest 
pressure at which the liquid phase can undergo complete 
vaporization. For C,,,: the critical temperature is the 
highest temperature at which the liquid phase can 
undergo complete vaporization; the critical pressure is 
the highest pressure at which the liquid phase can 
undergo complete vaporization. 

It is obvious that to use any of the definitions of 
critical pressure and temperature in the preceding para- 
graph requires information about the location of the 
critical point relative to P,,,, and T’,,,. Certainly, this 
is no way to introduce the concept of the critical state. 


SUMMARY 


The purpose of this discussion has been to point out 
that the common definition of the critical state given in 
most general chemistry texts is inadequate to describe 
other than a pure substance and that attempts to retain 
the phrases “highest temperature” and “highest pres- 
sure” lead to undue complications. 

It is not proposed that an attempt be made to dis- 
cuss critical behavior of mixtures in the general chem- 
istry course or perhaps even in the first course of 
physical chemistry. However, it is suggested that the 
common practice of giving a definition of critical tem- 
perature or pressure that applies only to a pure sub- 
stance instills into the student a false impression that 
he has some idea of the critical state for fluid systems 
in general. Even if the instructor states that what 
he has told the student applies only to a pure substance, 
that restriction may well be soon forgotten since the 
student has no alternative definition to which to turn. 

Is it not preferable to emphasize the increasing sim- 
ilarity between coexistent liquid and gas as a certain 
combination of pressure and temperature is approached, 
and the ultimate limit of the loss of distinction between 
the two phases? This is the critical state. This is 
true for a pure substance or for a mixture of any 
number of components. The student then has this 
broad definition from which he may later specialize to 
the one-component system if he wishes; he will not 
automatically think of a highest temperature of co- 
existing phases whenever he thinks of the critical state. 
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QUANTITATIVE ANALYSIS BY ULTRAVIOLET 
SPECTROPHOTOMETRY 


The cis-trans-Stilbene System 


MOSHE ISH-SHALOM, J. D. FITZPATRICK, 
and MILTON ORCHIN 
University of Cincinnati, Cincinnati, Ohio 


Ix connection with a course in ultraviolet spectro- 
photometry it became desirable to demonstrate the 
utility of this spectrophotometric tool for quantitative 
analysis such as might be required for kinetic studies. 
Because one of the problems being investigated in our 
laboratory was the selenium-catalyzed conversion of 
cis to trans-stilbene,? it was felt that were the class to 
secure samples from an experiment in this series, the 
prospect of contributing to a research problem would 
stimulate considerable class interest and the instructor 
would reap the bonus of advancing the solution of his 
problem. Excellent discussions of the derivation of the 
necessary equations and the experimental technique for 
the analysis of two component systems (as well as 
multicomponent systems) by ultraviolet spectrophotom- 
etry are available in the literature.*+ The applica- 
tion of these methods to the stilbene system and a de- 
scription of the type of data collection and analysis 
which was used by the class in this particular problem 
were deemed of sufficient general interest to warrant 
their publication. 

Quantitative analysis by spectrophotometric methods 
is based on the assumption that Beer’s law relating ab- 
sorbance to concentration holds for a mixture of sub- 
stances as well as for an individual compound. This 
law leads to the relationship: 


A = abe (1) 


where A = absorbance, b = length of cell, and c = 
concentration of compound in g./l. The absorbance at 
a given wave length for a mixture of compounds is then 


A=A,+ A; + An 
and from (1) 
A = + Gece + ...... + antn) (2) 


Thus if the absorptivities of all the molecular species, 
Gn, in a mixture are known, it will be necessary to meas- 
ure A at n different wave lengths in order to secure the 
n unknown concentrations, Cn. 

It is helpful to consider in detail the case of a two 


1 Emery Industries, Cincinnati, Ohio. 

Frrzparricx, J. D., anp M. Orcuin, paper submitted to 
J. Org. Chem. 

Metion, M. G., “Analytical Absorption Spectroscopy,” 
John Wiley & Sons, Inc., New York, 1950, p. 369 ff. 
4 ZscuHrELE, F. P., anp C. L. Comar, Botan. Gaz., 102, 463 
1941). 


component system. If it is assumed that in the analy- 
sis the cell length, b, is one cm., then at an analytical 
wave length \’, equation (2) can be written: 


A’ = + (3) 


and at an analytical wave length d’’, 


A” = + (4) 


If the four absorptivities are known, the two absorbance 
measurements are sufficient to determine the concen- 
trations of each of the two components. Equations 
(3) and (4) can be used in three different ways depend- 
ing upon the knowledge that exists or is required about 
the total concentration of the components. 


THE SIMULTANEOUS EQUATION METHOD 


If the actual (rather than the relative) concentration 
of each of the components is desired, the direct solution 
of the simultaneous equations (3) and (4) is necessary. 
It is apparent from an inspection of these equations 
that if the four absorptivities are known and the two 
absorbances are measured, ¢ and ¢2 are readily calcu- 
lable. The absorptivities are sometimes available in 
the literature but it is decidedly advantageous to de- 
termine these values in the instrument being used for 
analysis. It is also apparent from an inspection of 
equations (3) and (4) that the total concentration need 
not be known; the sample need not be weighed prior to 
its dilution for the spectrometric determination. 

If it is desired to determine only the relative concen- 
tration of the two components rather than their abso- 
lute concentration, the simultaneous equations can be 
employed to develop convenient equations in the follow- 
ing manner: 


(5) 
C1 + C2 


and z2 = 


C2 
C1 + C2 


m1 +t = 1 (7) 


whereupon 


Solving equations (3) and (4) for ¢ and ¢2 lads to 
A"a’, (8) 


@i@ 


C1 


Ata, — A'a’; 0) 
— 
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Now, if the values of c; and c2 in equations (8) and (9) 
are substituted in equation (6), one gets 


and if numerator and denominator are divided by 
one gets 


a’; (A’/A")a", 
— a"1) — (a’2 — a's) 


(10) 


The equation is written in this form for convenience, as 
later specific examples will illustrate. 


THE INTERPOLATION METHOD 


If the total concentration of the components is known, 
as for example, by weighing the unknown mixture, then 
amuch simplified version of the simultaneous equations 
method can be used. This method will be called the 
“interpolation” method. An inspection of the simul- 
taneous equations (3) and (4) shows that if the total 
concentration c; + ¢: is known, then one is dealing es- 
sentially with one unknown and only one absorbance 
measurement at one wave length is sufficient to deter- 
mine the composition. The arithmetic appropriate to 
a convenient working equation can be developed as 
follows: 

If equation (3) is divided by the known value of the 
total concentration c; + C2, one gets 


(a’:)(e1) , (a’2)(c2) 
ate ata ata 


(11) 


Using equations (5), (6), and (7), equation (11) may be 
written: 


C1 + Ce 


If th 
en 


ture of unknown composition, is indicated as a’m then 


= + = ala’ a's) + a’, 


which is the absorptivity at \’ of the mix- 


a'm — a's 
m 2 
a’m = — a’) + or = 


(12) 


Equation (12) is obviously a linear interpolation for- 
mula. The values of a’; and a’s are constants derived 
from the calibration. 


THE ABSORBANCE RATIO METHOD 


If only the relative concentration of the two compo- 
nents is required without reference to the actual con- 
centrations, then another simplified procedure called 
the “absorbance ratio method’’ can be applied. This 
method is particularly useful when the total concentra- 
tion is 1ot known as is the case where samples cannot be 
weighed for one reason or another. In this method, the 
two components must have the same absorptivity value 
at at least one wave length in the ultraviolet region. 
The wave length at which both compounds have the 
same al sorptivity is called the isoabsorptive wave 
length, \‘. This wave length is used as one of the two 
analytic:l wave lengths that are required when analyz- 
ing a two component system. 

Let)’ = then A” = A‘anda’”’, = a, =a‘. If 
these values are introduced into equations (3) and (4) 


* Hier, R. C., F. T. Kina, anp R. G. Scumrrr, Anal. Chem., 
26, 1270 (1954). 
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and then equation (3) is divided by (4), remembering 
that 2, + zr. = 1, one gets 
(a’; 5 a's) (13) 


or 


a‘ 


(14) 


Equations (13) and (14) are equations of the same 
straight line. When 2; is zero, the value of 

A’ _a’s 


and when 2 is zero, the value of 


The straight line is plotted from a knowledge of the ab- 
sorbance ratios A’/A‘ for the two pure materials, or, as 
is readily apparent, from any two known mixtures of the 
two constituents. The straight line will of course differ 
with the different choice of \’. 

In the absorbance ratio method one need not know 
either for purposes of calibration or for analysis the total 
concentration of the components in order to determine 
the relative concentration. This is apparent from a 
consideration of equations (13) and (14) which shows 
that only the ratio of absorbances need be known. 


DETERMINATION OF THE COMPOSITIONS OF MIX- 
TURES OF cis- AND trans-STILBENE 


The isomerization studies were performed in a short 
test tube fitted with a stirrer, a side-arm inlet for inert 
gas and a small-bore, angled, side-arm for the insertion 
of a sample tube. The test tube, filled with 8.00 g. of 
cis-stilbene was placed in a salt bath heated by a mantle. 
Temperature control was maintained at +1° in the 
temperature range 190°-210° by means of a Thermocap 
relay. After the temperature was established, a small 
fragile glass boat containing the desired amount of 
selenium (0.008-0.040 g.) was dropped through the top 
of the apparatus. Samples for analysis were removed 
at 10-minute intervals by inserting an open-end, capil- 
lary melting point tube through the side arm, allowing 
the liquid to fill to the desired level and then withdraw- 
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ing the tube and sample. The tube containing the 
sample was dropped into a volumetric flask without 
weighing, and the tube was broken up by means of a 
glass rod. The flask was filled with spectral grade cy- 
clohexane and aliquots taken for further dilution (ap- 
prox. 0.01 g./l.) until absorbance readings in a con- 
venient range were secured. 

The Beckman DU Spectrophotometer, and quartz 
cells were used throughout the work. 

The ultraviolet spectra of cis- and trans-stilbene are 
shown in Figure 1. It is obvious that there are two iso- 
absorptive points. Owing to the nature of the sam- 
pling technique described above, the sample taken of the 
mixed isomers could not be weighed. 

Although it appeared that the absorbance ratio 
method was the most practicable method of analysis, it 
seemed desirable to compare the results secured by this 
method with results secured by the simultaneous equa- 
tion method. 


The Simultaneous Equation Method for cis-trans Stil- 
e 


In the calibration, solutions of known concentrations of pure 
cis- and trans-stilbene were prepared. Analytical results secured 
with a cis-stilbene sample after a 10-minute time interval in the 
kinetic study, are shown in Table 1 (last column), along with 
data from the pure components used for the calibration. The 
samples for analysis were diluted in order to secure roughly the 
same concentration as the calibration samples. In a sample 
calculated using A’ = Ajo and A” = Ass and substituting the 
values in Table 1 into equation (10): 


.333 X 58.3 
74.4 31.4 


42.6 — 


422 


The results with other pairs of wave lengths were 310:280, 11.3%, 
310:290, 11.4%. 


= .111 or 11.1% 
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“290 ma 
mu 
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Figure 2. Absorbance Ratio vs. % trans-Stilbene 


The Absorbance Ratio Method 


The isoabsorptive wave length was determined as 266 my. 
In the calibration, the absorbance of pure cis- and trans-stilbene 
was determined not only at one length which is the minimum 
required, but at four different wave lengths so as to improve the 
accuracy. The straight lines secured by plotting A’/A! for these 
wave lengths are shown in Figure 2. Also, because the pure 
components are not essential for the calibration, two known 
mixtures were prepared and their absorbance ratios determined. 
Calibration lines were then drawn as the best straight lines 
through the four known compositions at each wave length, thus 
improving the accuracy of the calibration. Table 2 contains 
illustrative data used for the construction of the line fer 300 
m.u, and Table 3 shows the data secured with one particular 
unknown sample. 


TABLE 1 
Absorbance Measurements and Absorptivity Values, 
Stilbenes 
cis-Stilbene trans-Stilbene bid 
(0.01336 g./l.) (0.00666 g./l.) Unknown 
(m.p) A, Ac At a (at — ae) A 
280 0.791 59.2 0.678 101.8 42.6 0.280 
285 0.781 58.3 0.754 113.0 54.5 0.422 
290 0.739 55.3 0.795 119.3 64.0 0.407 
300 0.569 42.6 0.780 117.0 74.4 0.333 
310 0.395 29.6 0.696 104.4 74.8 0.248 
TABLE 2 
Data for the Construction of the Absorbance Ratio Line 
Fraction 
of trans- 
Stilbene, x2 0 0.825 0.567 1.000 
A ‘266 0.655 0.523 0.558 0.385 
A’300 0.491 0.670 0.883 0.885 
A’/A* 0.75 1.28 1.58 2.30 
TABLE 3 
Absorbance Data for the Determination of Composition 
A’ % trans 


A/A‘ = (from Fig. 2) 


COMPARISON OF METHODS 


Table 4 gives data from an isomerization experiment 
with cis-stilbene at 210° in the presence of 0.1 weight % 
selenium. The % trans-stilbene was calculated by the 
two methods. 

The absorbance ratio method appears to give less 
scatter than the simultaneous equation method. The 
linear relationship involved in the absorbance ratio 
method minimizes errors in individual determinations. 
The discrepancy between results by the two methods 
cannot be adequately accounted for. It is possille that 
some error crept into the calibration with the pure frans 
isomer; such error becomes increasingly magnitied in 
the simultaneous equation method at high trans concel- 
trations. The isoabsorptive method seems to be mort 
reliable because of the use of more than two calil)ratio! 
points. The amount of work required for the simul 
taneous equation method does not appear to justify its 
use unless it is necessary to determine the total once? 
tration of the constituents. 
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TABLE 4 
Isomerization of cis-Stilbene at 210° with 0.1% Se 


% trans-Stilbene 
Simult quati ~ - Isoabsorptive method ~ 
Sample $10 = 266 mu 93 — % 
a "285 280 290 Mean ’ = 310 = 300 = 290 = 285 Mean trans 


11.4 
18.2 
27.3 
34.0 
50.4 
53.4 


10.4 
18.1 
28.0 
33.2 
48.4 
54.0 


12 10 
21.5 
26 
35 
45 


45.5 


82.2 
71.9 
66.9 
58.4 
48.2 
47.1 


26.1 
34.6 
44.8 
45.9 


46.7 
57.5 


46.5 45.5 


The values in the last column of Table 4 when sub- 


give a satisfactory straight line from which the rate 
stituted into the pseudo first order rate equation: 


constant for the isomerization can be calculated. The 
number 93 represents the % trans in an equilibrium 


k't 
2.303 


log (93 — % trans) = — + log 93 


mixture of cis-trans-stilbene. 


Previousty! the author published a list of patent 
terms used in various foreign languages. Since 
patents are usually assigned to a corporation, and news 
concerning chemical developments is frequently about 
activities of various firms rather than of individuals, 
expressions Meaning corporation or company may be of 
interest both to teachers and to chemists in industry. 
Terms may express the idea that the firm is a share- 
holding group, in which case, the national word for 
society or company may be preceded or followed by a 
word meaning share. The German word “Aktie’’ 
related to the Dutch “‘actie” and the French “action” 
originally meant a transaction or deed, but has now 
come to mean “‘share”’ in the sense of a share of stock. 
Other terms may express other aspects of a corporation. 
Thus the G.m.b.H., among the German terms, like the 
Ltd. in British companies, expresses the idea of limited 


HOW TO WRITE “‘CORPORATION’”’ IN TWELVE FOREIGN LANGUAGES 


NELLIE M. PAYNE 
American Cyanamid Company, Stamford, Connecticut 


patents are assigned to a “narodni podnik,” of dif- 
ferent types literally to a national undertaking. Czech 
patents are frequently taken out under the names of an 
institute or research establishment, “ustav’’ or “‘zavod.”’ 

In the Scandinavian languages the definite article 
also may be used in which case it appears as a suffix, 
since the article when used as a suffix is the definite one 
in these languages. Thus bolaget is “the” company or 
corporation in Swedish. Selskabet is “the’’ company 
in Danish. 

The following table gives a list of terms and their 
abbreviations. Each of these expressions was en- 
countered in a patent journal or a trade publication 
written in English. 


Equivalents for Company or Corporation 


Language Term Abbreviation 
liability. In such corporations, loss by shareholders is Ceech Spolek akciovy 
limited to the value of shares held. A third idea is Danish Aktieselekab AS. 
expressed by such terms as the ‘“‘naamloze vennoot- Dutch Naamlooze Vennootschap N.V. 
schap” in Dutch and the “Société anonyme” in French 
French and the equivalent in other Romance languages. German Aktiengesellschaft A.-G. 
Actually a corporation is not anonymous in the sense of Gesellschaft mit 
having no name, but rather it is not a natural physical F eon seg ae Gabe 
pi or entity. The word for “company” without Italian erry per Azioni SpA. Ses. per Azioni 
. ietA anonima .A., . anon. 
may also be used, especially in the 
mance languages. Polish Spétka z ograniczona 
In addition to the various business corporations there odpowiedzialnosciq 
are state or national organizations to which patents Portuguese 
are frequently assigned in those countries in which Companhia Cis 
industry has been nationalized. Quite a few Czech Spanish —— _ 
m ty 
edish i A.B. 
‘J. Cuem. Epuc., 25, 389 (1948). 
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POLYMERS 


Tue various commercially available atom models 
are invaluable for instructional purposes as well as in 
research. However, in the area of biological polymers 
one frequently needs a simple model to represent 
monomer units. For example, a polypeptide for pur- 
pose of discussion, may be advantageously considered 
as a string of beads in which the individual bead repre- 
sents the individual amino acid. Likewise, the 
amylose type molecule can be compared and con- 
trasted to the amylopectin and to the glycogen type 
by suitable models which depict the glucose unit as a 
single sphere. For such purposes the ordinary plastic 
beads made for novelty necklaces and bracelets serve 
satisfactorily. These beads can be obtained in many 
colors at nominal cost.!_ They are self-fastening and 
they have the advantage of extreme ease of assembly. 

Examples in which such schematic models are useful 
include: 


Models to show the gross structural nature of such glucose 
polymers as amylose, amylopectin, glycogen, and cellulose. 

Multicolored models to demonstrate peptides and proteins. 

Demonstration of the vast possibilities of sequential isomerism 
in peptides and proteins. 

Comparison of the known amino acid sequences in biologically 
important peptides and proteins such as hormones, portions of 
enzymes, and antibiotics. 

Structures of nucleosides, nucleotides, and nucleic acids. 

Nature of the action of a- and f-amylase enzymes in the 
hydrolysis of polysaccharides. 

Demonstration of the directed hydrolysis of specific peptide 
linkages by proteolytic enzymes. 

Hydrolysis of nucleic acids. 

Polymerization of actin molecules, i.e., G-actin — F-actin 
conversion in muscle. 


POLYSACCHARIDE MODELS 


White beads are effective in depicting glucose poly- 
mers. The a-1,4-polymer amylose is shown simply as 
a long string of beads whereas amylopectin and glycogen 
models require a-1,6-branching. Beads are available 
which provide for such branching; however an extra 
hole is introduced easily in the side of the regular bead 
with a heated metal rod. No differentiation between 
a- and B- type linkages is attempted in such models; 
therefore amylose and cellulose models would appear 
identical except for the difference in the number of 
glucose units. Figure 1 shows the model of a portion of 
an amylopectin molecule. The model was spread on a 
flat surface with no attempt to provide a three-dimen- 
sional model. The model contains approximately 
580 glucose units and would represent approximately 


1 Plastic ‘“Pop-It’’ beads with diameter slightly over one centi- 
meter cost about one cent each. 


SCHEMATIC MODELS OF BIOCHEMICAL 


R. QUENTIN BLACKWELL 
Northwestern University Dental School, 
Chicago, Illinois 


le Model 


Figure 1. Amylopectin Mol 


one-third of an average amylopectin molecule. It may 
be seen that only one reducing group appears in the 
molecule (the prong extending from the bead in the left 
central portion of the illustration). All of the remain- 
ing glucose units are involved in a-l-linkages. To 
conserve space no model of amylose is depicted; it 
would appear as a string of glucose units. Glycogen 
would resemble the amylopectin model except that 
branching would occur at more frequent intervals along 
each chain. 

The action of a- and 6-amylases on such molecules 
may be demonstrated by pulling the model apart at the 
appropriate points; that is, at the glucose units where 
branching occurs. The projecting knobs, in this case, 
can be taken to represent the reducing groups. ‘Typical 
fragments, such as illustrated by Bernfeld? may be 
shown effectively. 


MODELS OF PEPTIDES AND PROTEINS 


The individual amino acids in peptides are repre- 
sented by colored beads. There are more than sufficient 
bead colors commercially available to represent all 0! 
the amino acids commonly found in peptides; however, 
it was felt that careful color-coding would allow easier 
recognition of the individual amino acids. (This was 
particularly important for the systematic study o 
amino acid sequences in peptides with known structure.) 
Accordingly, the basic amino acids were represe1)ted by 
shades of blue, the acidic ones by shades of red, the 
sulfur-containing ones by yellows, the unsubs' ituted 
aliphatic monoamino monocarboxylic acids by white 
beads, banded with stripes of color, phenylala: ine by 
black, tyrosine by black with a white stripe, an‘ 80 on. 


2 BERNFELD, P., Advances in Enzymology, 12, 379-425 (1951). 
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Figure 2. Peptide Models 


(1) Oxytocin, (2) vasopressin, (3) insulin A, (4) insulin B, (5) corticotropin 
A, (6) MSH, (7) hypertensin, (8) glucagon, (9) a peptide with strepogenin 
activity. (10) bacitracin A, (11) gramicidin S, (12) one small segment of the 
ribonuclease molecule. 


Unfortunately, without being shown in color the 
examples in Figure 2 do not appear to full advantage. 
(All cysteines are represented as entities, i.e., no disul- 
fide linkages are shown.) At the end of the peptide 
chain model the bead with the extending prong repre- 
sents the amino acid with the free a-carboxyl group 
whereas the amino acid with the free a-amino group at 
the opposite end of the chain is distinguished by a bead 
with an open hole. 

Demonstration of the directed hydrolysis of specific 
peptide linkages by the proteolytic enzymes can be 
accomplished by assembling a long multicolored string 
of beads to represent a hypothetical protein and show- 
ing the actual cleavages favored by the individual 
enzymes. The use of such a model clearly demon- 
strates the production of peptide units from the 
original protein molecule. 

To demonstrate the vast possibilities for sequential 
isomerism as discussed so entertainingly by Asimov? 
one may hand out to each member of the class a small 
sack containing six different colored beads and instruct 
the class to shake the sacks and, without looking at 
the beads, remove and assemble. Generally, no two 
resulting peptide models will be identical because of the 


720 possible arrangements. The demonstration should 
be tempered with the added discussion that certain 
sequences and end groups may be favored; the obvious 
effect of departure from the random would be to re- 
duce the number of probable arrangements.‘ 


NUCLEOTIDE MODELS 


The relationship among the nitrogenous base, pentose, 
and phosphoric acid components of a nucleotide is 
made clear by simple models using, for example, 
shades of blue and green to represent adenine, guanine, 
cytosine, uracil, thymine, and 5-methyleytosine, white 
beads to represent ribose and deoxyribose, and red beads 
to represent phosphoric acid. The additional linkages 
necessary between the pentose and phosphoric acid 
units may be effected by pieces of heavy nichrome wire 
heated and thrust into the sides of the beads where they 
become bonded. Such models allow demonstration 
of the numerous suggested linkages between the in- 
dividual nucleotide units. Figure 3 illustrates a model 
of a section of a hypothetical nucleic acid containing 
two spiraled polynucleotide chains. No attempt was 
made to depict actual dimensional relationships or 
number of nucleotide units per spiral turn. Again, the 
possibilities of isomerism are made apparent by the 
order of appearance of the purine and pyrimidine units. 


3 Asimov, Isaac, J. Coem. Epuc., 31, 125-27 (1954). 
4 Fox, S. W., American Scientist, 44, 347-59 (1956). 


Figure 3. Model of Portion of a Nucleic Acid 


1958 KEKULE—COUPER CENTENNIAL 


AT THE American Chemical Society Meeting in Chicago in September, 1958, a celebration will be 
held of the 1858 papers by Kekule and Couper on the self-linking and tetravalence of carbon. A 
centennial lecture will be sponsored jointly by the Divisions of Organic and History of Chemistry. 
A symposium in the History of Chemistry Division, dealing with the history of theoretical organic 
chemistry, the experimental basis of the theoretical developments and the chemists who contrib- 
uted to them, is also planned. Those interested in participating in the symposium are asked to 
write to O. T. Benfey, Department of Chemistry, Earlham College, Richmond, Indiana. 
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Some time ago an account appeared in this periodical 
of certain facets of Lavoisier’s doings during the Revo- 
lutionary period and of some of the attacks to which he 
was then exposed.! In the course of that article men- 
tion was made of the fact that Lavoisier was the target 
of rather unexpectedly vicious censure from the ex- 
treme right as well as from the left. Criticism was 
leveled particularly against Lavoisier’s action in 
refusing the salary of the commissioner of the treasury, 
a post which he had accepted.! 

A rare pamphlet? has recently come into the present 
author’s possession which expresses the views of the 
left on Lavoisier’s attitude in this particular case, and 
which assails him on other grounds as well. 

Most of the attacks on Lavoisier to be found among 
the numerous libellous and vituperative pamphlets of 
the period content themselves with mentioning him in 
a derogatory fashion on the basis of his membership 
in the Ferme Générale* or the Académie Royale des 
Sciences.‘ It is well known, however, that in addition 
to such calumnies of a general nature the notorious 
Marat singled him out for special attack.5*® But it is 
generally asserted that while many of the farmers- 
general could be accused of profligacy and extravagance, 
the only charge that could be brought up against 
Lavoisier was that of having a private box at the 
theater.’ 

The pamphlet by Mittié mentioned above? raises 
other charges against the great chemist, and as these 
and their nature are not generally known, it seems to 
be justified to print them here in extenso. The lan- 
guage is so flavorful and intemperate that it has been 


1 DuvesEn, D.1., J. Cuem. Epuc., 31, 60-65 (1954). 

2 Mirtié, STanisuas, Dénonciation aux francais, des prévarica- 
tions ministérielles de Claude Lessart, ministre de l’intéreur, et des 
vols faits par les fermiers généraux sur la régie des charbons; suivie 
des propositions tendantes 4 faire dégorger toutes les sang-sues de 
l Etat, Paris, Trasseux, An II, 8vo, p. 16. 

5 La chasse aux bétes puantes et féroces, Paris, Imprimerie de la 
Liberté, 1789, 8vo, pp. 32. See p. 28, where it is recommended 
that all the farmers-general should be sentenced to twenty years 
in prison and a diet of bread and water. 

‘ Etrennes a la vérité, ou Almanach des Aristocrates, A Spa 
[Paris, 1790], 8vo, pp. 80. In a list of deputies to the Commune 
de Paris (p. 71), those for the district of Saint Louis de la Culture 
include specifically: 

“‘Ameilhon, de l’académie des belles lettres, bibliothécaire de la 
ville, aristocrate en qualité d’académicien. 

La Voisier [sic] de l’académie des sciences, comme le précédent.”’ 

5 L’Ami du peuple, 27 January 1791. 

® Marat, JEAN-Pauu, Les Charlatans moderns, ou lettres sur le 
charlatanisme académique, publiées par M. Marat, l’Ami du 
peuple, Paris, 1891. 

7 Grimavx, Ep., Lavoisier, Paris, 1888, p. 61. 


ANTOINE-LAURENT LAVOISIER AND THE 
FRENCH REVOLUTION—II 


York 


DENIS I. DUVEEN 
Duveen Historical Library, Long Island City, New 


thought desirable from all points of view to leave the 
quotations in the original French. 

Referring to action by Claude Delessart, minister of 
the interior, Mittié says: 


Pourquoi a-t-il fait M. Lavoisier commissaire de la trésorerie 
nationale? C’est pour le dédommager des 260 mille livres qu’ila 
payées a son associé Cromot du Bourg, afin d’obtenir la survivance 
du Turcaret Baudon,* C’est encore parce qu’il a décrié les 
assignats, déprisé les biens nationaux, en les évaluant que 1j 
cent millions, tandis que des calculateurs accrédités les estiment 
bien au-dela de huit milliards; c’est enfin parce qu’il s’est coalisé 
avec Vente l’hypocrite,? La Hante, rapeur de tabac, et autres 
maltotiers, qui ont intéressé Calonne et Colonia pour faire adopter 
au conseil prévaricateur son affreux projet des grandes murailles 
de Paris, dont les mémoires particuliers montent a 20 millions; 
ensorte que M. Lavoisier, fils d’un procureur, aprés avoir contri- 
bue a la dissolution de |’état, réunit aujourd’ hui dans sa personne, 
par ses places honorifiques et lucratives, celle de l’académie des 
Sciences, d’Agriculture, de fermier général, de régisseur des 
poudres et salpetres, de président de la caisse d’escompte, et 
enfin de la trésorerie nationale.° 


*Lorsque M. Lavoisier se présenta chez Baudon, pour lu 
annoncer que le roi venoit de la nommer son adjoint, celui-ci qui 
savoit aussi bien jurer que boire, s’écria: c’est un tour de Cromol 
mon gendre, qui est un foutu coquin. Mais, ajouta-t-il, vous m 
jouirez de ma place que le plus tard que je pourrait. Effectivement 
il lui a tenu parole. Cet arpagnon étoit clere d’un procureur de 
Fontainebleau. 

> Voyez chez Nyon, libraire, quai des quatre Nations, ma 
dénonciation contre les exactions sourmises aux barriéres de Paris, 
sous les ordres immédiats’ de ce Vente, dont je rapporte |a lettre 
qui decele un monstre a étouffer. 

© M. Lavoisier a offert de remplir gratuitement cette fonction, 
sans crainte de blesser ses confréres. Mais on ne sera pas surpris 
de cette générosité, qui n’est qu’apparente, quand on saura qu’on 
a mis autant de moyens, de fortune dans les mains d’un avare qui, 
pour épargner, vend ses chevaux pendant la cherté des fourrages.’ 


In this fulmination against Lavoisier he seems to be 
charged with four separate offenses. In the first place, 
it is suggested that his appointment as commissioner 
of the treasury was made on the one hand to make up for 
a payment of 260,000 livres to Cromot du Bourg 1 


8 Regarding Cromot du Bourg, Mittié gives some details 
(op. cit., p. 4, note 1) of which those dealing with his whereabouts 
may not be strictly accurate but are not without interest: 

“Ce Cromot du Bourg, aprés avoir été premier commis (lu Con- 
tréle des finances, redacteur du pacte de famine générale, sign 
Lavedy, gouverneur d’Alencon sans rien débourser, pensionne 
sur le livre rouge pour une multitude de farfaits; seigneur du 
Bourg, élection d’Argentan; et enfin, intendant de la maison de 
Monsieur, il est descendu dans |’empire des démons, pour ¥ paye!. 
comme ses pareils, sur un lit de braise, les vols qu’il fit sur les 
bleds et les farines. Voyez le mémoire de M. le Prévot ce Beat- 
mont, prisonnier d’état.”’ 

® Mrrrié, STANISLAS, op. cit., p. 6. 


JOURNAL OF CHEMICAL EDUCATION 


conn 


ment, 
autho 
livres 
kept 
it is 
show 
comp! 
howev 
tion 
sions I 
and ac 
The 


prevente 
Paris wi 
stretehir 
ure of r 
Lavoisie 

The sx 
the salar 
with th 
Actes des 

The fi 
exemplifi 
feed pric 


Feri 

havil 

away 

caleu 

tuous 
loans 

| the t: 

Paris r 

ministe 

on all 
many 
ministr 

popula: 
the on] 
would | 

1784, 

Ledoux 

expensi 

design. 

closely 

project, 

Of cour 
4 

Ledoux’ 

of him, 

3 

UME 


New 


e the 


ter of 


sorerie 
quiila 
ivance 
rié les 
que 15 
timent 
coalisé 
autres 
dopter 
urailles 
illiens; 
contri- 
rsonne, 
nie des 
ur des 
pte, et 


our lui 
i-ci qui 
Cromol 
yous né 
vement 
reur de 


ns, ma 
> Paris, 
a lettre 


ction, 
surpris 
a qu’on 
are qui, 
rrages.’ 


: to be 
place, 
ssioner 
up for 
urg i 
details 
eabouts 


du Con- 
e, signé 
nsionné 
neur du 
xison de 
payer, 

sur les 


Beau- 


SATION 


connection with his succession to Baudon’s share in the 
Ferme Générale, and on the other hand as a reward for 
having spoken against the issuance of assignats” and 
undervalued the national assets. !! 

Lavoisier was congenitally incapable of throwing 
away any piece of paper on which he had drafted or 
calculated anything. The mass of papers relating to 
his various contracts in the Ferme Générale, his tor- 
tuous financial dealings with the Baudon family, the 
loans made by him to purchase his share in the Ferme, 
the taxes of one sort and another paid on his invest- 
ment, ete., is now in the possession of the present 
author, and there is no trace of any payment of 26,000 
livres to Cromot du Bourg or any one else. Lavoisier 
kept exceptionally careful and accurate accounts, and 
it is quite inconceivable that such a sum would not 
show up. One can safely conclude that this charge is 
completely baseless. In addition it is evident that 
however unpalatable to the proponents of the Revolu- 
tin Lavoisier’s financial calculations and conclu- 
sions may have been, they were, in fact, well founded 
and accurate. 

The charge that Lavoisier plotted with Vente!? and 
| La Hante!* in the “frightful” plan of the great walls of 
Paris requires a little explanation. 

One of the royal sources of revenue, which was ad- 
ministered by the Ferme Générale, was a duty levied 
on all merchandise entering Paris. Lavoisier, among 
many other assignments in the Ferme, had to ad- 
ministrate the collection of this tax, which was un- 
popular and difficult to control.'* Lavoisier concluded 
the only way of ensuring the full collection of this tax 
would be to surround Paris with a high wall, and even- 
tually the minister Calonne® ordered it to be built in 
1784. Calonne entrusted the well-known architect 
Ledoux'* with the task who designed a most ornate and 
expensive construction with each toll-house of differing 
design."8 Unfortunately Lavoisier’s name became 
closely linked with this ill-starred and unpopular 
project, and he was publicly attacked on the subject.'* 
Of course, there was some justification for criticizing 
ledoux’s extravagant design, which was characteristic 
of him, but other complaints such as that the walls 
prevented pure fresh air from reaching the citizens of 
Paris were frivolous. In any event, it seems to be 
stretching the imagination to say that it was as a meas- 
ure of reward for this unpopular piece of work that 
Lavoisier was made commissioner of the treasury. 

The scornful reference to Lavoisier’s refusal to accept 
the salary that went with this post should be compared 
with the same attitude adopted by the right-wing 
Actes des A pétres.™ 

The final attack relative to Lavoisier’s meanness as 
exemplified by the fact that he sold his horses when 
feed prices became high seems very petty and hardly 


worth specific denial. Whence this particular piece of 
spiteful tittle-tattle came is difficult to ascertain. 
What is certain is that there is ample evidence of 
Lavoisier’s generosity and openhandedness. To men- 
tion a few examples: On his death a large sum of money 
was found to be owing to him as evinced by undis- 
charged notes for loans;?! at his country estate he 
established a free school for the local population and 
spent considerable money on agricultural researches 
whose principal object was the betterment of the 
peasants’ conditions;?* in a period of food shortages due 
to bad harvests, he offered substantial loans to the town 
of Blois and village of Ramorantin free of all interest 
charges;** numbers of impecunious students were aided 
financially by him,** and the enormous amount of 
money he spent in the construction of the most accu- 
rate and advanced laboratory equipment and on his 
experiments is well known.” 

In conclusion we may note that some hitherto gener- 
ally ignored specific charges against Lavoisier have 
been brought to light. These illustrate the type of 
attack to which a man of Lavoisier’s eminence was 
exposed during the French Revolution. However 
there is nothing evidenced to change the writer’s 
previously expressed opinion, derived from a thorough 
study of the Farmers General’s trial, that Lavoisier’s 
trial, conviction, and execution were based solely on the 
fact of his membership in the hated tax gathering 
organization. 


1” Mittié is here referring to Lavoisier’s Réflerions sur les 
assignats et sur la liquidation de la dette exigible ou arriérée, lues a 
la Société de 1789, le 29 Aott 1790 (Paris, 1790). In this paper 
Lavoisier expressed his fears as to the results of issuing unlimited 
numbers of assignats and foresaw the runaway inflation that 
would be the consequence of doing this; his worst fears were 
realized by the events. 

1 This figure of 1,500 million livres for the value of the national 
properties is taken from Lavoisier’s work (note 10, p. 7) and comes 
much closer to the mark than the super-optimistic figure of 8,000 
million quoted by Mittié as having been computed by other 
experts. 

12 Francois-Jean Vente (1725-1793), farmer-general. 

13 Jacques Delahante (1717-1792), farmer-general. 

Grimavx, Ep., op. cit., p. 77. 

Charles-Aléxandre de Calonne (1734-1802). 

6 Claude-Nicholas Ledoux (1736-1806). 

17 Grimavx, Eb., op. cit., p. 80. 

18 KAUFMANN, T'rans. Amer. Philos. Soc., 42, 498-9, (1953). 
The walls aroused the fury of the inhabitants of Paris, and the 
extravagance of their construction finally forced the government 
to take the contract away from Ledoux and give it, in 1787, to 
Jacques-Denis Antoine. 

19 DuLauRE, Réclamations d’un citoyen contre la nouvelle en- 
ceinte de Parts, élevée par les fermiers générauz, Paris, 1787. 

20 DuvEEN, D. I., loc. cit. supra. 

21 Grimavux, Eb., op. cit., p. 54. 

22 Grimavx, Eb., op. cit., p. 60. 

23 GrIMAUX, Eb., op. cit., p. 54. 

24 Brap, Hygiée militaire, Paris, 1815. 

*% GrIMAvUx, Eb., op. cit., pp. 47-48. 
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—From “Creativity in Science’ Eighth Annual 
Arthur D. Little Lecture, by CHARLES ALLEN THOMAS 


“©... what heights might our creativity attain if the pure theorist and the engineer 
entered a collaboration as close as the composer and conductor? 
or technologist has the ability to understand and appreciate and apply the creative 
work of the theorist? Who but the theorist can better guide and inspire the particular 
kind of creativity possessed by the engineer or technologist?”’ 


Who but the engineer 


‘ 
| 
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Time can be saved and confusion avoided by develop- 
ing a systematic chart of the elements based on the 
energy levels of atomic orbitals very early in the 
general college chemistry course. Excellent results 
have been obtained by substituting this procedure for 
the usual historical development of the periodic table. 
The resulting chart is used in place of a periodic table 
throughout the year and resembles the usual tables 
sufficiently so as to present no problems when they are 
encountered later. A description of the chart has been 
published.? This paper will describe how students may 
prepare their own charts and gain some understanding 
of electron configurations and families of elements. 

The theoretical basis for this type of chart has been 
adequately presented by Longuet-Higgins.* Beginning 
students, however, are spared these details in favor of 
the simplified approach of Timm.‘ As a first approxi- 
mation, atomic orbitals are visualized as “locations” 
which electrons may occupy. No two orbitals have 
exactly the same energy. The energy referred to in 
this case is the potential energy of an electron occupy- 
ing the orbital. By adding energy an electron may be 
promoted to a higher energy level or “location”? which 
we will visualize initially as being a little further re- 
moved from the positive nucleus. This concept is 
easily grasped by beginners whereas standing waves and 
dumbbell-shaped orbitals leave them hopelessly con- 
fused. 


BAR MAGNETS DEMONSTRATE ELECTRON PAIRS 


The fact that each orbital may be occupied by two 
electrons with opposed spins can be presented in a 
readily acceptable manner by the use of bar magnets. 
Electrons possess an electrical charge; moving charges 
generate a magnetic field; reversing the motion reverses 
the field. Bar magnets with their north and south 
poles painted in contrasting colors may be pushed about 
the lecture table and will readily form “electron pairs” 
when properly orientated. 

. Energy is required to “uncouple” a: pair of electrons. 
This may be demonstrated by twisting one of the mag- 
nets representing the magnetic fields about an electron 
pair, a procedure which obviously requires the applica- 
tion of force. After the magnet has been turned 
through a half-circle, the “uncoupled”’ pair will fly apart 
when released. 

A simple mnemonic will help the beginner to deter- 


1 Presented before the Division of Chemical Education at the 
nroeg Meeting of the American Chemical Society, Miami, April, 
1957. 

Ercuineer, J. W., J. Cuem. Epuc., 34, 70-1 (1957). 

5’ LoneuEt-Hiaerns, H. C., J. Cuem. Epuc., 34, (1957). 

‘Timm, J. A., “General Chemistry,’’ 3rd ed., McGraw-Hill 
Book Co., Inc., New York, 1956, p. 84. 


TEACHING ELECTRON CONFIGURATIONS: 


JACK W. EICHINGER, Jr. 


The Florida State University, Tallahassee, Florida 


mine the composition of the electron shells and sub- 
shells—‘sober physicists don’t find giraffes hiding in 
kitchens.”” We call this the “Key to the Orbitals.” 
The source is unknown and its only virtue is that it is 
silly enough to be easily remembered. All the student 
needs to do is count by ones and then by twos. Count- 
ing by ones gives the types of orbitals found in each 
main shell. Counting by twos gives the number of 
each type of orbital present in a particular shell. 
Counting by ones shows that the first shell contains 
only s orbitals; the second, s and p; the third. s, p, 
and d; the fourth, s, p, d, and f; ete. Starting again 
at one and counting by twos indicates that a shel! may 
contain only one s orbital, three p orbitals, five d 
orbitals, seven f orbitals, etc. Using these simple rules 
the student can easily figure out that the eighth shell 
contains fifteen k orbitals. He will feel better after 
you tell him that these higher levels are populated 
only during experiments involving extremely high 
energies and need not concern the chemist who is 
usually interested in the “ground states’’ of the atoms. 


CHART BASED ON RELATIVE ENERGIES 
OF SUBSHELLS 


It is helpful to provide mimeographed blank charts 
for classroom use. These resemble the one displayed 
on the wall except that all numbers and letters are de- 
leted. The figure shows a partially filled form. Each 
orbital is represented by two boxes, one for each 
electron. Electron subshells are aligned vertically 
while the horizontal main electron shells slope downward 
to the right to indicate the overlapping of the energy 
levels. For example, the 3d orbitals lie at a higher 
energy level than the 4s and therefore do not begin to 
fill with electrons until after the 4s orbital is filled. 
Reference to the mnemonic enables the student to label 
these subshells properly. 

In developing the chart, one must imagine a positive 
nucleus located above and somewhat left of the center 
of the chart area. It exerts a strong attraction for the 
negatively charged electrons which in reality are dis 
tributed throughout three-dimensional space, but which 
are to be tabulated in the flat chart area for convenience. 
This chart area, of course, bears no resemblanc: to the 
geometrical pattern or the scale of distances etweel 
electrons. It does suggest in a helpful manuer the 
additional energy that must be expended to iorce 2! 
electron into a “position” farther away from tlie pos- 
tive nucleus (downward on the chart). This can & 
visualized by stretching a rubber band from the 
imaginary location of the nucleus above the chart to the 
“position” of the electron. Chart “positions’’ do ne! 
imply that the electrons occupy fixed positions !! 
space. They correspond instead to fixed energy levels. 
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Hydrogen has one electron which in the ground state 
will occupy the orbital of lowest energy, 1s. We place 
the atomic number and symbol for hydrogen in the 
upper left box. The two electrons of helium com- 
pletely fill the 1s orbital so »He is placed in the box to 
the right. We continue to build up the chart by assign- 
ing all of the electrons possessed by an atom to the 
lowest energy levels available. 

The law of maximum multiplicity is first encountered 
in the 2p subshell. This formidable-sounding maxim 
merely states that no orbital may contain more than 
one electron until all the other orbitals in the particular 
subshell contain at least one. The chart provides 
for this automatically by separating the boxes into two 
groups by means of double vertical lines. Thus, in the 
2p subshell we place ;B in the first box, ¢C in the second 


Partially-filled Chart 


and ;N in the third. The double line has now been 
reached and each of the three 2p orbitals contains one 
electron. Additional electrons can be placed in this 
subshell only if they pair up with those already present. 
When we place ,O in the first box to the right of the 
double line, its eighth electron has paired with another 
te completely fill one of the 2p orbitals leaving single 
electrons in the other two. The 2p subshell of sF con- 
tains two pairs of electrons and a single unpaired elec- 
tron, in the third orbital. The value of this kind of 
information later in the course is readily apparent. 

A portion of the chart is built up during the class 
period and the students complete it at home. Addi- 
tional information may be added to the chart from 
time to time but it is preferable to wait until an 
application presents itself. 


of a tryout are also given. 
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M.C.A. OFFERS CHALLENGING EXPERIMENTS FOR HIGH-SCHOOL CHEMISTRY 


TrEacHERS and all who are involved in the training of teachers should examine the series of ‘‘open- 
ended”’ experiments for high-school chemistry laboratory. Eight are now available; the re- 
mainder of the series of 30 will be published during the school year. 
experiments will find they cannot anticipate the answers; instead, they must pose questions to 
nature and discover the results for themselves. 

Separate instructions for the teacher are provided with each experiment. 
made about how the experiment may be used, and about ways of performing it; typical results 
Materials used are those commonly found in high-school laboratories. 

The Association offers, without charge, to each school in which chemistry is taught: 30 
Student Guide Sheets and one Teacher Information Sheet for each experiment. 
to duplicate the experiments for use in their own classes, but not for sale, may do so. 

Descriptive folder for either the chemistry or general science program may be obtained from 
Dr. William E. Chace, Director of Education, Manufacturing Chemists’ Association, Inc., 1625 
Eye Street, N. W., Washington, D.C. An order form will be sent with each folder. 
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A STUDENT-CONSTRUCTED SCIENCE BUILDING 


Ir is not remarkable for a college to complete and 
dedicate a science building. The F. W. Olin Science 
Building at Blackburn College, however, is remark- 
able—indeed, unique—in that it was entirely con- 
structed by students of the college. It was dedicated 
on February 13, the one-hundredth anniversary of the 
granting of its charter to Blackburn College. The 
actual cost of materials and equipment was $235,000 
(contributed by the Olin Foundation, Inc.). The 
value of the completed structure is $425,000. 

Constructed of concrete block, with brick facing, the 
building is shaped like a large inverted T, with a pro- 
jection from the stem of the T to accommodate a 135- 
seat lecture room. It is 149 feet long across the bar of 
the T and has about 12,000 square feet of floor space. 
The building contains five laboratories, each with its 
own supply room and a general supply room serving all 
the laboratories, three faculty offices, and a balance 
room. Most of the building is one story high, but a 
small central section is two stories high. 

The construction consists of masonry walls and par- 
titions on a poured concrete foundation. The roof 
surface of wood planking, insulated and covered with 
asbestos cement shingles, is supported on laminated 
wood girders spaced 8 feet apart. The interior walls 
are of lightweight insulating concrete block. Exterior 
walls are of concrete block faced with red brick, and 
have prismatic glass block panels combined with the 
window units to give glareless uniform daylighting. 


PREFABRICATION SIMPLIFIED CONSTRUCTION 


The architects sought to avoid certain types of work, 
such as considerable amounts of steel work involving 
riveting or welding or heavy members, so as to simplify 
the work for the students. Laminated roof girders 
were used in part because they were suitable to instal- 
lation by students. Furthermore, they provide eco- 
nomical, long clear spans with no interior columns 
and allow flexibility in locating partitions. 

Prefabricated concrete floor slabs were used for the 
second floor construction and for some portions of the 
roof structure. The architects chose completely fabri- 
cated steel frames for openings for steel windows 


ROBERT P. LUDLUM 
Blackburn College, Carlinville, Illinois 


and for glass block panels. There is no plaster in the 
building. A system of classroom lighting, assem))led 
on a prefabricated framework, eliminated the need for 
conventional wiring beyond a few outlets per room. 
The lighting system, which includes suspended baffles 
to eliminate direct view of the lamps, also eliminated 
the need for finished ceiling, other than the roof con- 
struction. The baffles, incidentally, also provided 
acoustical correction. Exposed overhead piping and 
electrical conduit were employed, partly for ease of 
installation and maintenance. The architects took 
advantage of the partial exposure of the pipes by color 
coding them, and the varicolored pipes lend a bright 
and cheerful air to the laboratories. Conventional 
services are available at laboratory tables and adequate 
fume hoods are provided. 


ENTIRE CONSTRUCTION BY STUDENTS 


The tutelage was provided by Howard M. Lemaster, 
a professional building superintendent. His task of 
supervision was bewildering. He had anywhere from 
50 to 70 students working for him in the course of a 
day, but the men kept going and coming. Their work 
schedules were built around their classroom schedules, 
so students generally worked only two or three hours at 
a time, for a total of only 15 hours per week. 

Mr. Lemaster would start the morning with 20 men 
and finish the day with perhaps 30, but the crew at 
noon rarely contained anyone who had been present 
at opening time. This difficulty was overcome by having 
each man on a job explain the day’s work to his succes- 
sor. Mr. Lemaster filled any gaps in the instruction. 

The building was under construction from Septem- 
ber, 1953, until its dedication on February 13, 1957. 
(No work was done in the summer vacation nor in the 
Christmas and spring recesses.) Students contributed 
78,468'/> hours of labor. There were few accidents on 
the job, and no serious ones. About 400 different 
students worked on the building at one time or another. 
They poured thousands of yards of concrete, laid 
55,000 bricks, laid even more concrete blocks, and in- 
stalled all the wiring, plumbing, and the heating 
system. In brief, it is a building built by students for 
students’ use. 
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Tu Stamford Research Laboratories were estab- 
lished in 1936-37 by consolidating at one location 
many of the diverse research groups of American 
Cyanamid Company. The Laboratories were located 
apart from any manufacturing unit of the company, 
and therefore had to be made self-sufficient, including 
making provision for technical information facilities. 
These included the nucleus of a library and a number of 
literature scientists, then known as “abstractors.”’ 
Both were then part of the patent department of the 
company, which, too, had been centralized at Stam- 
ford. In 1950, both were separated from the patent 
department and, with the addition of a report in- 
dexing group, formed into an independent depart- 
ment reporting to the director of the Laboratories. 
Later, after the formal establishment of the company’s 
research division in 1954, the information services were 
absorbed into the new research service department 
with the status of a “section.” 

The Technical Information Section is responsible 
for four major areas of activity: library, literature 
surveys and searches, translations, indexing of formal 
reports and chemical compounds. 


LIBRARY 


The library is, basically, a chemical library but with 
significant additional holdings in the literature of rub- 
ber, plastics, textiles, paper, surface coatings, pe- 
troleum, agriculture, biology, medicine, physics, and 
engineering. It also still serves the patent depart- 
ment, and hence it has holdings in both patent and 
general law, but neither orders nor holds patents. 

Most books and non-current periodicals are circu- 
lated on an unlimited loan basis, although subject to 
recall at any time if needed by another borrower. 
Books and periodicals of reference value circulate only 
by special permission and only for a short period. 
Current periodicals are not circulated until they 
have been made available to library users on open 
reading racks for two weeks. However, copies of 
their tables of contents are sent out, promptly, to 
persons who have indicated an interest in one of fifteen 
subject categories, such as resins, business, analytical 
chemistry, ete. Subsequent circulation is on a first- 
come-first-served basis, and the loan period is five 
days. Annual surveys of the circulation records are 
made so that the subscription list may be “weeded,” 

‘ Presented before the Division’ of Chemical Literature at the 


130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956, : 
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or, conversely, extra subscriptions may be added. 
Book holdings, too, are “‘weeded” at intervals. Total 
holdings today are in excess of 20,000 volumes, and 
current subscriptions include some 500 titles. 

The library also receives copies of all formal reports 
of work done in the Stamford Laboratories and is re- 
sponsible for issuing new notebooks and storing and 
circulating completed notebooks. 

The reference collection includes four subscriptions 
to Chemical Abstracts, one for circulation and three 
to be bound. Of these three, two are kept in the 
library and one is held in reserve for replacement pur- 
poses. All three are complete sets. The collection 
also includes two complete sets of Beilstein, 4th edition, 
and one of the 3rd edition; Chemisches Zentralblatt, 
complete from 1830 to date; and now also Referativnyi 
Zhurnal, Khimia. Other reference holdings are Brit- 
ish Abstracts, Biological Abstracts, and Industrial Arts 
Index among the abstracting and indexing tools, and 
Gmelin, Elsevier, Ullmann, and Kirk-Othmer among 
the compendia and encyclopedias. 

The library function of the section is staffed entirely 
by secretarial-clerical personnel who are supervised 
by the secretary to the section manager, but its oper- 
ation is under the observation and guidance of the 
group leader of the scientific literature group, who is 
also responsible in general for the enforcement of 
library policy. He may also recommend changes in 
policy, subject to the approval of the section manager. 


LITERATURE SURVEYS AND SEARCHES 


Our second major activity is that of literature sur- 
veys and searches. These are conducted by members 
of the scientific literature group, six of whom are en- 
gaged part or full time in this activity. At the present, 
continuing surveys of the current literature are made in 
four subject areas: resins and plastics, nitrogen chem- 
icals, acetylene chemistry, and chemical pesticides. 
Except for pesticide data, which are reported on special 
forms according to chemical constitution, the results of 
these surveys are compiled in current literature bul- 
letins that circulate widely throughout the company. 

Journals used in the compilation of these continuing 
surveys are routed, promptly after being processed for 
the table of contents service described above, to one or 
another of the literature scientists, who scans each 
journal for items in each one of the assigned fields. 
She makes the necessary notes of articles in her own 
area, and places markers at articles in the areas of her 
co-workers, finally passing the journal along to the 


| 
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latter. When all have finished, the journal is sent to 
the reading rack. 

It has been found quite advantageous to conduct the 
current literature surveys in this manner. Each of 
the three literature scientists working on the bulletins 
must scan the entirety of only one-third of the journals 
reviewed, yet each remains responsible for the prepar- 
ation of abstracts in her own subject specialty. Fur- 
ther, the time for which a given journal is not available 
to the reading rack is kept at a minimum. 

Two current literature bulletins are issued every 
two weeks on an alternating schedule. One of these is 
devoted entirely to resins and plastics; the other in- 
cludes both nitrogen chemicals and acetylene chem- 
istry. Each has its own circulation list, and each is 
circulated only to individuals making specific request. 

Literature searches—defined as examinations of the 
past literature rather than of the current literature— 
are conducted on request only. They are tailored to 
meet the needs of the research and development groups 
who, at the start of or during the course of a program, 
need background information either on special aspects 
of the program or on the entire subject. There is ad- 
vantage in working on the special aspects rather than 
the entire field for two reasons. First, the search is 
much more limited in scope, can be completed promptly, 
and can often be reported informally; second, a 
group conducting a new research program will not in- 
frequently find its aims changing as experience is 
gained. Thus if coverage of the whole subject is 
requested initially, the broadness of the scope will often 
require a long time to make a complete search, and, if 
the aims should change, the whole search may be with- 
out value even before it is finished. Nevertheless, 
there is always some demand for the extended, com- 
prehensive search, and requests are accepted. 


TRANSLATIONS 


The preparation or obtaining of translations is the 
third major responsibility of the technical information 
section and the second of the scientific literature group. 
Over the past five years about half a million words 
per year of foreign language material have been trans- 
lated, and the volume shows a tendency toward a small 
but steady increase each year. In addition to trans- 
lating complete articles, ‘‘on the spot” translation as- 
sistance is given to readers who may be stuck by a 
word or sentence or who may need just the gist of the 
content of an item. 

Experience shows that German and Russian are 
nearly equally in demand in first place (probably be- 
cause more scientists have some reading knowledge of 

German than of Russian; otherwise German would 
certainly have first place), French is well behind in 
third place, and ten to twelve other European lan- 
guages plus Japanese are scattered thereafter in no 
regular order. 

Literature scientists who work with the published 
literature are expected to be able to use German and 
French publications without the aid of a translator 
except for rare cases. The same facility with Russian 
would be helpful but not yet necessary. Experience 
has shown that reading knowledge and translating 
ability are not synonymous. So, for years past, there 
has been one person on the staff whose prime respon- 


sibility is that of translator. This person must be ale 
to handle French, German, and Russian with nezrly 
equal facility, and he should be enough of a studen: of 
language as such to be able to use his knowledge of these 
basic three in handling most of the languages of = m- 
portance in science literature. Copies of our transla- 
tions are routinely sent to the Special Libraries s- 
sociation Translation Pool at the John Crerar Library 
in Chicago. 


INDEXING 


The activity of the technical information section, 
which has more unique features than any of those al- 
ready described, is that of the documentation of the 
literature of tomorrow, or, more prosaically, the in- 
dexing of the Laboratories’ research reports. 

Although some indexing had been started earlier, 
the indexes were neither complete nor up-to-date. 
Therefore, in 1950 the decision was made to form a 
group, under the leadership of John H. Fletcher, to 
study the problem, recommend a solution, and under- 
take an indexing program. A staff of four young 
chemists was assembled to work on the project under 
Dr. Fletcher, and a small printing shop with a printer, 
both then part of the library’s equipment and staff, 
were made available to the group. After thoroughly 
studying the matters of subject headings, ancillary 
indexes, and indexing policy, it was decided that the 
index should be divided inte four parts; a subject 
index, an author index, a problem (project) number 
index, and a molecular formula index. Each of these 
was to be duplicated at one or more other company 
locations. Entries are made on 3 X 5 cards and a 
short abstract of the report, as well as its title, bib- 
liographic identification, and authors, is printed on 
each index card used. 

The problem number index was the first completed; 
that is, was the first to be run back in time to the 
establishment of the Laboratories. The author index 
was next prepared, using the simple process of turning 
to the first page of each report and copying out the 
authors, title, and reference. 

The molecular formula index is wholly one of chem- 
ical compounds. Sources of information leading to 
entries in this index are not limited to reports, but in- 
clude all screening programs, purchases, incidental 
syntheses, etc., anywhere in the three laboratories of 
the research division—Bound Brook, New Jersey; 
Pearl River, New York; and Stamford. The faces of 
the cards, which are filed in Remington Rand K:rdex 
drawers, bear the molecular formula, the name \nder 
which the compound will be found in the subje:t in- 
dex, and the source of the information. The 1 verse 
of the card bears the typed structural formula { the 
compound? and repeats the molecular formula aii the 
indexing name. If the source of information is @ 
report, this is noted without specific reference 1:.crely 
by checking a box provided on the form, as the : “tual 
reference may be found in the subject index. 1) this 
respect the formula index serves as an adjunct ‘» the 
subject index by showing that information on thx ‘om- 
pound is entered there and by giving the indexing 
name. If the source is other than a report, this \\'!! be 
noted, and in this case the formula index is a supple- 


2 Chem. Eng. News, 30, 2622 (1952). 
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me!it to the subject index. 
to used together. 

The molecular formulas are entered in such a way 
tha’ the more unusual elements have precedence over 
the more common, with the most common, carbon and 
hydrogen, being last. Details of this arrangement 
have been described by Fletcher.* This arrangement 
has proved most useful in searching this file, now con- 
taining about 35,000 compounds, for functional group- 
ings. It has been estimated that this index may 
level off at about 50 to 60 thousand compounds and 
that its utility in the form chosen will always be greater 
than a punch card index of the same magnitude. It 
is less effective only when the functionality being 
sought is peculiar to the carbon-hydrogen nucleus 
rather than to the substituent, for example, a C—C 
triple bond. 

Although the formula index is invaluable as a guide 
to the indexing nomenclature as well as for the con- 
ducting of searches for structural groupings, still the 
index of primary importance is the subject index. 

There are minor differences, of course, but by and 
large the subject indexing principles used are similar 
to those of Chemical Abstracts. Perhaps the biggest 
single difference is the greater use of modified main 
entries and of more extensive secondary entries. Just 
the opposite, though, is true of the abstracts. Here, 
because the total information—main entry, secondary 
entry, authors, reference, and abstract—is limited 
toa 3 X 5 eard, the abstract must be limited to a 
maximum of 75 (preferably 60) words while still being 
as informative as possible. The deficiency in length 
of abstract is ameliorated by extensive subject indexing 
of the report itself, and also by the fact that, at Stam- 
ford, a non-circulating copy of the report is kept 
within a few feet of the index. 


ORGANIZATION 


The organization of the technical information sec- 
tion is shown in the accompanying chart. It is one of 
four sections of the research service department, which 
also includes analytical, testing, and other service units 


The two are thus designed 


* FLetcuer, J. H., anD Dotores S. Dusss, Chem. Eng. News, 
34, 5888 (1956). 
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supporting the research and development programs at 
Stamford. The department is headed by a director 
who reports to the director of the Laboratories, and to 
whom, in turn, the section managers report. 

The duties of the manager of the technical informa- 
tion section are principally to ensure that the operation 
of the section fills the needs of the Laboratories. He is 
in a position to know of the institution of new re- 
search programs and of the completion of old, and to 
modify the activities of the section accordingly. He 
also maintains close liaison with the other information 
services of the research division through serving on an 
intra-divisional library committee established by top 
management for this purpose. Reporting directly to 
the manager are his secretary, who is also head of the 
secretarial-clerical staff of the section, and the group 
leader of the scientific literature group. 

The scientific literature group includes, at present, 
eleven literature scientists in addition to the group 
leader. The principal responsibilities of the group 
leader have already been indicated. In addition, he 
may. to some degree act for the section manager in the 
latter’s absence. Five of the literature scientists are 
assigned to the indexing area and six to the literature 
service area of the group. Each of these areas is 
under the supervision of one of the members, who re- 
ports to the group leader. A similar arrangement 
exists in the secretarial-clerical group, where each of 
the several activities has its own leader. 


To the Editor: 


Haven't you some interest to cite the following story in some corner of your charmful Journal? 


Princess and Dynamite 
When the Lovely Ceylonese Princess Newly Promised 
the Same to the European Guard, the Terrible 
Dynamite’s Hot Eruption Thundered! Uttered Lucy. 


As you can easily guess, this rather dramatic sentence is a new mnemonic for the names of all the 
lanthanide elements, because the underlined parts correspond more or less to their initials arranged 
in the periodic order. (Don’t you think that Utter can correspond Ytterbium?) 


Atcur University or Lisgrat Arts, HIGAsHIKU 
Nagoya, JAPAN 


Yours very truly, 
Dr. K6z6 Sone 
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CHARACTERIZATION OF ORGANIC COMPOUNDS 
WITH 2,4-DINITROBENZENESULFENYL 
CHLORIDE 


Procedures and Tables 


ROBERT B. LANGFORD and 
DANIEL DAVID LAWSON 

University of Southern California, Los Angeles, 
California 


Tue unique properties of 2,4-dinitrobenzenesulfeny] 2,4-dinitrobenzenesulfenyl chloride in 15 ml. of dry 
chloride, and especially its analytical applications, ether, at —5°C. After a few minutes, the cooling 
have recently been described by Kharasch (15). To bath is removed and the reaction mixture is warmed, 
supplement this article, it was considered desirable to first to room temperature, and then to reflux for thirty 
prepare a summary of procedures for the preparation minutes. The ether is distilled, and the residue is 
of derivatives of the sulfenyl chloride reagent and to washed with water, collected, and dried. The dried 
tabulate its recorded derivatives. residue is extracted with 5 ml. of boiling methanol, and 


The procedures given are general ones which have the extract refrigerated. The precipitate product is 
been tested in many cases. Each particular instance, recrystallized from carbon tetrachloride. 
however, should be judged in view of possible compli- Alcohols. To a solution of 1.0 g. of 2,4-dinitroben- 
cations (15). zenesulfeny] chloride and 1.0 g. of the alcohol, in 10 ml. 


In preparing the tables, an attempt was made to of dry ethylene chloride, is added 0.5 ml. of dry pyridine. 
review the literature fully through 1956. Because of Completion of the reaction may be determined by the 
the rapidity with which data concerning 2,4-dinitro- starch-iodide test. After filtering, the residue is 
benzenesulfenyl chloride are appearing, some items washed with 5 ml. of boiling ethylene chloride. Com- 
undoubtedly have been missed. It would be greatly bined filtrates are aspirated to dryness. The resulting 


appreciated if such omissions, as well as any new data solid, or oil, is washed and dried, then crystallized from 
which might otherwise not come to the attention of the hot absolute ethanol, or ethanol-benzene. 

authors, were communicated to them. Thiols. To a solution of 1.0 g. of 2,4-dinitroben- 

zenesulfenyl chloride in 10 ml. of dry carbon tetra- 

GENERAL CHARACTERIZATION PROCEDURES chloride is added 1.0 g. of the thiol, and the resultant 

Olefins. To a solution of 1.0 g. of 2,4-dinitroben- mixture is heated on a steam bath for a few minutes. 


zenesulfenyl chloride in 10 ml. of glacial acetic acid is The solvent is aspirated, and the product crystallized 
added 1.0 g. of the olefin. The mixture is heated on a from chloroform or ethanol. (Note: In the case of the 


steam bath for fifteen minutes, or until a negative dithiols it is necessary to use in excess of two equiva- 

starch-iodide test is obtained.! lents of the sulfenyl chloride to one equivalent of the 
, If the product does not precipitate on refrigeration, thiol to obtain the di-adduct, but not over one equiva- 

the reaction mixture is poured on 20 g. of ice. The lent of the sulfenyl chloride when the mono-adduct is 

solid or oil which separates is crystallized from ethanol desired.) 

or an ethanol-benzene mixture. Olefin Oxides. Toa solution of 1.0 g. of 2,4-dinitro- 


Alkynes. To a solution of 1.0 g. of 2,4-dinitroben- benzenesulfenyl chloride in 10 ml. of dry ethylene 
zenesulfeny! chloride in 10 ml. of dry ethylene chloride chloride is added 1.0 g. of the olefin oxide, and 2 or 3 
is added 1.0 g. of the alkyne. After two hours, solvent drops of dry pyridine. After standing overnight the 
is aspirated and the residue crystallized from absolute product is isolated and purified in the same manner as 
ethanol. the alcohol derivatives, described above. 

Nitroalkanes. To a stirred solution of 0.25 g. of Ketones. To a solution of 1.0 g. of 2,4-dinitroben- 
sodium methylate in 5 ml. of absolute alcohol is added, zenesulfeny! chloride in 10 ml. of glacial acetic «cid is 
dropwise, 1.0 ml. of the nitroalkane, causing a white added 1.0 g. of the ketone. (An active hydrogen, 0” 
precipitate to form. After three minutes, 5 ml. of the carbon atom adjacent to the carbonyl group, 
ether is added, the precipitate is collected by suction essential.) After refluxing for one hour or until 
filtration and washed with dry ether, on the filter plate. negative starch-iodide test is obtained, the mix‘ure 's 

This solid is added to a stirred suspension of 1.0 g. of diluted with water, and the precipitated product 's 
1 The sulfenyl chloride reagent was prepared by the chlorin- ves 


olysis of bis(2,4-dinitropheny]) disulphide (15 btained f: age : 
Cyclo Chemical 1900 zenesulfeny! chloride in 10 ml. of dry ethylene clloride 
Calif. is added 1.0 g. of the primary or secondary «mine. 
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Within several minutes the reaction should be com- 
plete, as indicated by the starch-iodide test. The 
solvent is aspirated, and the product crystallized from 
ethanol. 

Aromatic Compounds. To a solution of 1.0 g. of 2,4- 
dinitrobenzenesulfeny] chloride in 15 ml. of dry ethylene 
chloride is added 1.0 g. of anhydrous aluminum chloride, 
while keeping the temperature below 5°C. by use of 
anice bath. After shaking for one minute, 1.5 g. of the 
aromatic compound is added. The reaction flask is 
rotated in an ice bath for several minutes until the 
reaction subsides, then 5 ml. of absolute alcohol is 
added in small portions, so that the temperature does 


not exceed 30°C. After extracting the inorganic 
material with two small portions of 6 N hydrochloric 
acid, the organic solution is concentrated to 5 ml. by 
aspiration, and an equal volume of absolute ethanol is 
added. The product, which should precipitate on 
refrigeration, is crystallized from absolute ethanol, or 
ethanol-benzene. 
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Derivative EF. °C. References and remarks 


Recorded Derivatives of 2,4-Dinitrobenzenesulfenyl Chloride 


Derivative M.P., °C. References and remarks 


Derivative of Olefin 


Ethylene 94.0-94.5 (17) ArSCH:CH:Ci 
Propylene 75.0-76.0 (65%) (17) 2-Cl-1-propyl 


108.5-9.5 (15%) (17) 1-Cl-2-propyl 
Butene-1 77 .5-78.5 (53%) (17, 81) 2-Cl-1-buty! 
113-114 (28%) (31) 1-Cl-2-buty! 
Butene-2 (cis) 128 .0-—129.0 (17, 19) 
Butene-2 (trans) .5-77. 
iso-Butylene 86-87 17,31) Primary sulfide 
2-Methy!-1-butene 78.5-79.5 (31) 2-Cl-1-butyl 
(28%) (31) 1-Cl-2-butyl 
2-Methy]-2-butene 79 .5-81.5 (85%) (31) 2-Cl-3-butyl 
3-Methyl-1-butene 85-86 (85%) (81) 2-Cl-1-butyl 
3,3-Dimethyl-1-butene 89-91 (85%) (31) 2-Cl-1-butyl 
Pentene-1 68-69 (75%) (31) 2-Cl-1-pentyl 
77-78.5 (16.7%) (81) 1-Cl-2-pentyl 
cis-Pentene-2 85-87 (45%) (17, 31) 3-Cl-2-pentyl 
115-116 (36%) (17, 81) 2-Cl-2-pentyl 
trane-Pentene-2 106.5-107.5 (85%) (31) 3-Cl-2-penty] 
Hexene-1 61-62 (17) Isomer less sol. in 
ethanol 
2-Methylheptene-1 47-48 (17) From pet. ether- 
etha 
1,1-Bis(3’-methyl- 
bay propene 121-123 (9) 
Allyl bromide 110-111 (18) 
Allyl chloride 110-111 (18) 
Cyclohexene 115-117 (117-8) (16, 17) 
1- 139-140 (17 
1,1-Diphenylethylene 135.5-136.5 (17) Loses to give 
Acenaphthylene 187-189 dec. 17) 
Styrene 143-143.5 7, 20, 32) 
4-Chlorostyrene 150-151 (18° 33) 
4-Nitrosty rene 143.6-144.0 
4-Methylstyrene 142-145.5 dec. 33) M.P. varies with 
rate of heating 
4-Methoxystyrene 198 5-200 (33) = free vinyl 
sulfide 
Limonene (p or L) 195-196 (17) 2:1 deriv. 
1 4-Dihydronaphthe- 
len 156-157 (18) 
Indene 126 .5-127.0 (18) 
Vinylacetic acid 167-169 (18) 
Vinyl acetate 158-159 (26) 1:1 deriv., less HCl 
idine 118-119 (26) 1:1 deriv. 
Anethole 133-134 (17) Inert solvent 
128-129 (17) Chlorine replaced 


by ethoxy on re- 
eryst. from eth- 


anol 
127-128 (17) Methoxy deriv., as 
above 
160-161 (17) Acetoxy deriv., 
‘ from acetic acid 
Norbornene 67 (27) 
Aldrin 267 .0-267 .5 (29) 
1 :2-Diphenylpropene 153-155 (17) 
Cyelooeta- 1,5-diene 112-113 (38) 
yelooctene 140 (38) 
2 butene 
81 7, 
94-9 
1, 4-Dihyd roanthra- 
quinone 215 decomp. (28) 
14-Oxathiene 148-149 (36) Acetoxy deriv., run 
in acetic acid 
39 
Linoleic acid 56-61 (glass 
linolenic acid 77-81 (38) 
2-Diphenylpentene- 
ic 222— 
ie acid 173-176 (10) 
mphene 121-122 (17) Vinyl sulfide 
Derivative of 
Alkyne 
Acetylene 130-130.5 (25) 1:1 Adduct, AlCl 
requi 
putyne-2 75-76 (25) Run at 0°C. 
Ds 65-66 (25) 
Pho enylacetylene 206-207 (26) 
nylacetylene 139-140 (26) 1:1 Adduct 


Derivative of 
Nitroalkane 

Nitromethane 129-129.5 (24) 

Nitroethane 117-118 (24) 

1-Nitropropane 81.5-82.5 (24) é 
2-Nitropropane 101-101.5 (24) 


1-Nitrobutane 122-123 


Derivative of 
Alcohol 
Methanol 124.8-125.2 (21, 34) 
Ethanol 124.5-125 (21, 34) 
Propanol-1 75-76 (21) 
Propanol-2 77-78 (21) 
Butanol-1 53-54 (21) 
Butanol-2 71-72 (21) 
2-Methylpropanol-2 118-119 (21) 
Pentanol-1 31-32 (21) 
3-Methylbutanol-1 56-57 (21) 
2-Methylbutanol-2 102-103 (21) 
Octanol-1 57-58 (21) 
Dodecanol-1 73-74 (21) 
Octadecanol-1 88 .0-88.5 (29) 
Cyclohexanol 133-134 (21) 
Menthol (1) 99-100 (21) 
Benzy] alcohol 142-143 (21) 
Allyl alcohol 86-87 (12) 
Cinnamy! alcohol 120—123 dec. (12) 
1-Phenylethanol 92-93 (12) 
2-Methyl-3-butyn-2-ol 96-97 (12) 
Benzhydrol 113 (Approx.) (12) 
2-Chloroethanol 121-122 (37) 
1-Chloro-2-propanol 106-107 (37) 
2-Chlorocyclohexanol 
(trans) 140-145 (37) 
2-Chloro-2-phenyl- 
ethanol Oil (37) 
2-Chloro-1-phenyl- 
ethanol —122 (37) 
Ethylene glycol 113. 5-114 (12) 1:1 deriv. 
170-171 .5 dec. (12) 2:1 deriv. 
Pinacol 133 .5-135 (12) 2:1 deriv. 
Cholesterol 190-191 (21, 30) 
Testosterone 204-205 (30) 
19-Nortestosterone 199-200 (30) 
17-Methyltestosterone 170-171 (30) 
11- ~~ 
198-199 (30) 
3-(4-Pyridyl) pro- 
panol-1 112-113 (29) 
Derivative of 
Thiol 
Methyl mercaptan 96 * (6) 
2-Chloroethyl mercap- 
tan 84 (6) 
n-Propyl mercaptan 54 (6) 
iso-Propyl mercaptan 62 (6) 
3-Chloropropy! mer- v 
captan 58 (6) 
2,3-Dichloropropyl 
mercaptan 106 (6) 
n-Butyl mercaptan 44-45 (26) 
t-Buty!] mercaptan 126-127 (26) 
Benzyl mercaptan 112 (6) 
Thiophenol 86--87 (6, 11) 
2-Thiocresol 100-100.5 (11) 
3-Thiocresol 74.5-75.5 (11) 
4-Thiocresol 114-115 (6, 11) 
2-Thionaphthol 178-179 (26) 
2,4- — 
eno 139-140 (40) 
108-109 (13) 1:1 thiol deriv. 
1,2-Ethanedithiol 202 . 5-203 .5 (18) 2:1 deriv. 
1'3-Propanedithiol 159-160 (13) 2:1 deriv. 
1,4-Butanedithiol 194.5-195.0 (13) 2:1 deriv. 
},5-Pentanedithiol 147.5-148.0 (13) 2:1 deriv. 
1,6-Hexanedithiol 158.5-160.0 (13) 2:1 deriv. 
1,7-Heptanedithiol 126-127 (13) 2:1 deriv. 
1,8-Octanedithiol 151-151 (13) 2:1 deriv. 
1,9-Nonanedithiol 114-114.5 (13) 2:1 deriv. 
1,10-Decanedithiol 145.5-147.0 (13) 2:1 deriv. 
1, 12-Dodecanedithiol 141-142 (13) 2:1 deriv. 
Dimercap 
ethyl sulfide 147-148 (13) 2:1 deriv. 
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Derivative M.P., °C. References and remarks Derivative M-P., °C. References and remarks ie 
e amine 
: Diethylami 99-100 26 
| N.N-Diethylaniline 146-147 (20, 26) Para sulfide, ao 
N,N-Dimethylaniline 175-176 (6) Para sulfide 
Stilbene oxides (cis 185-156 (5) 
and trans) No reaction (37) M ethyla mine 99-09 
-Met. 
4-Methylaniline 161-161.5 (1) 
Acetone 141-142 (16) 164. 5-165 (28 
Acetophenone 168-170 (22) 188.5-189 (1) ) 
Ethyl acetoacetate 112-113 (23) 2-Naphthylamine 167-168 (1) 
a 169-171 (22) n-Propylamine 94-94.5 1) 
Cyclohexanone 137-139 (22) 
Cyclopentanone 162-163 (22) Derivative of 
Cyclopropy! methy!] Aromatic Compound 
ketene wale 119-120 (22) Benzene 120-120.5 (4, 5, 20) / 
phe- (22) (99—100. 5) 20) Para isomer 
188-194 (22) Xylene 141-142 (20) 4-Isomer 
yacetophe- 199-184 on Mesitylene 171-172 20) 
none (22) Ethylbenzene 97-97 .5 (5) 
p- 129-130 (22) n-Butylbenzene 72 .5-73.5 (5) 
Rreth Isobutylbenzene 99-100 (5) 
p- y phe 194-195 (22 sec-Butylbenzene 88-89 (6) 
5 ) tert-Butylbenzene 130-131 (5) A DI 
a-Tetralone 166-167 (22) Bi 151 6-138 ) ara ave 
Derivative of Naphthalene 173-174 (5) Alpha isomer ucts | 
Phenanthrene 250-251 (6) vas 
Chlorobenzene 123-124 (6, 20) Para isomer was 
Ammonia 119.5-120.5 (2, 35) Bromobenzene 140-141 5, 20) Para isomer altho 
— Thiophene 119-119.5 (4, 6) SnCh the 2- 
= isomer 
4-Bromoaniline 1) Resorcinol 183-184 (6) No catal et; of or 
i-Chloroaniline 164-164 (1) 3-Phenylpentane 86-87 prope 
Cyclohexylamine 109.5-110 (1) 2-Phenylpentane 62-63 (8 Impol 
Th 
jumps 
196,01 
been | 
ages | 
nual 
remai 
astoul 
that ¢ 
LITERATURE CITED (21) Knarascu, N., D. P. McQuarrie, anp C. M. Buess, J. as to 
i Am. Chem. Soc., 75, 2658 (1953). plexit: 
(1) and B. (22) Kuarascn, N., D. P. McQuarrie, anv C. M. Bvess, 
(2) B. Rrecet, J. Am. Chem. (23) Kuarascn, N., anp M. W. Watp, Anal. Chem., 27, 96 resean 
(3) 952) V. I. Guaskov, Zhur. Obshchet (24) Kuarascu, N., anv J. L. Cameron, J. Am. Chem. Soc., 73, Thi 
» 22, . 3864 (1951). and cl 
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A piscussion of citrus chemistry 35 years ago would 
have been relatively simple. The American citrus prod- 
ucts industry at that time was an infant. Citric acid 
was the principal chemical substance being produced, 
although interest was keen in attempts to produce oils 
of orange and lemon of sufficient quality and at the 
proper price so as to compete with the well-accepted, 
imported oils from Southern Europe. 

The total citrus production in the United States 
jumped from 56,000,000 packed boxes in 1926 to 
196,000,000 in 1946. Since 1946 large acreages have 
been planted in some regions while nearly similar acre- 
ages have been removed in other areas, so the total an- 
nual production of all varieties of citrus in this country 
remains at about 200,000,000 packed boxes. This 
astounding growth of the industry has led to demands 
that chemists learn more and more about the fruits so 
as to expand the list of saleable products. The com- 
plexity of the chemistry of citrus has resulted in the 
development of specialists in narrow fields of citrus 
research. No longer are there experts in the whole 
general realm of citrus chemistry. 

This discussion will endeavor to show the structures 
and characteristic reactions of typical compounds of 
citrus fruits, illustrating the diverse fields of chemistry 
which are involved with commercial products. No at- 
tempt will be made to discuss the biogenesis of the sev- 
eral classes of compounds. We shall start with fully 
mature fruits and examine the principal chemical 
classes We meet as we go from the rind to the seeds 
(see figure). 


THE FLAVEDO (EPICARP) 


Their bright colors and exotic fragrance have made 
citrus fruits items noted by poets, philosophers, and 
historians over the past several thousand years. The 
compounds mainly responsible for these two charac- 
teristics are the carotenoid pigments and the essential 
oils, two types of compounds located in the flavedo of 
the fruii. Carotene (CysHse), a yellow pigment, and 
xanthop!iyll (CyoHeO2) are responsible for the yellow to 
orange a nd red colors of citrus fruits. These two caro- 
_ Prepa 
in the Cj 


red for presentation at a Symposium on ‘Chemistry 
Ciirus Fruit Industry,” sponsored by the Divisions of 
Industria! nd Engineering Chemistry and Agricultural and Food 
Chemistr: at the 131st Meeting of the American Chemical 
Society, Miami, April, 1957. 
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Location of Important Constituents in Citrus Fruits 


tenoids are so widely known that no further discussion 
here need be given. 

Considerable commercial importance is attached to 
compounds which are found in oil glands scattered in the 
flavedo or epicarp, adjacent to the chromoplasts. 
These tiny oil glands house the valuable essential oils of: 
citrus, mixtures of terpenes, sesquiterpenes, alcohols, 
aldehydes, ketones, esters, ethers, sterols, and many 
other chemical types. One of the most plentiful com- 
ponents of citrus essential oils is the cyclic hydrocarbon, 
d-limonene. 

This terpene hydrocarbon (C,,He,—4) appears to have 
been made by the union of two isoprene molecules. 
Limonene is A's*“®-menthadiene. The terpenes have 
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Carbohydrates: Glucose, Fructose. 
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Vitamin 8 Complex, Minerals, ond 
many other nutrients. 


the formula CioHis, hence C;Hs compounds are known 
as hemiterpenes (isoprene is an example), and those 
with the formula (C;Hs); are known as sesquiterpenes. 
An example of this latter class is bisabolene, a constit- 
uent of citrus oils. 

Many alcohols are present in the essential oils from 
citrus, such as the unsaturated alcohols, geraniol and its 
sterioisomer nerol, (CipHisO). One aldehyde, citral, is 
quite important in lemon oil. This straight-chain, un- 
saturated aldehyde cyclizes easily to form a terpene- 
like compound. Citral is believed by many to be a 
starting point for the formation of a vast array of cyclic 


CH; CH; O 
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terpenes. There are several standard methods for de- 
termining citral, since the content of citral in lemon oil 
is of considerable interest in assaying that oil. The well- 
known phenylhydrazine reaction for aldehydes con- 
stitutes the basis for one of the most used assay pro- 
cedures. 

The flavedo also contains, in the oils, many sterols, 
actually phytosterols, since they are of plant origin. 
Berzelius designated the part which crystallized upon 
standing as “stearoptene.”” An example of this type of 
compound is citroptene, Cy,H0,, which is really a 
derivative of coumarin. These compounds must be 
removed from the citrus oils if alcoholic extracts of great 
permanent clarity are desired. 


THE ALBEDO (MESOCARP) 


The albedo, or white layer immediately under the 
outer, colored rind of citrus fruits, is usually about one- 
third pectic substances and one-third cellulosic mate- 
rial, on the dry basis. The remainder is smaller per- 
centages of flavonoids, polysaccharides and monosac- 
charides such as glucose and fructose. Cellulose has re- 
ceived the widest attention and is perhaps better known 
than are the pectic substances or the recently publi- 
cized flavonoids. Cellulose structures and reactions 
will be omitted from this discussion. Only some char- 
acteristic formulas and analytical reactions for pectic 
and flavonoid subsances will be presented. 

Pectic Substances. It is proper perhaps to discuss the 
pectic substances under the heading of the albedo or 
mesocarp because it is in this part of citrus fruits that 
pectic substances are most abundant. Actually these 
colloidal materials are present in all cellular structures 
of the fruit and play a most important part, along with 
cellulose, in giving form and mechanical strength. 

It surely cannot be just accidental that pectic sub- 
stances and the cellulosic materials are together in the 


Limonene 
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carpellary membranes and vesicles and that they have 
such tremendous water holding capacities. Consider 
for a moment the fact that in an orange the segment 
covers and juice sacs have a moisture content of about 
88% (12% nonaqueous material) and that the juice 
contains about 12% nonaqueous substances (about 
88% water). Here then are two systems, each con- 
taining about 88% water, yet one of them, the struc- 
tural framework, is firm enough to protect the edible 
portion during its life on the tree and while it is being 
buffeted by picking, washing, packing, and shipping. 
The fruit on the tree must also withstand the rigors of 
cold, tropical heat, and fierce winds, yet the wonderful 
strength and form-giving frame Nature put in the edible 
portion contains no more nonaqueous chemical sub- 
stances than does the juice within the fruits. What 
chemist could devise a better system and who among us 
is without awe for the Master Chemist who worked out 
the intricacies of these marvels of Nature’s handiwork’ 

Pectic substances are polysaccharides which contain 
uronic acids. They are polyuronides, in particular, 
polygalacturonides. This distinguishes them from the 
polymannuronides of sea plants and the aldobionic 
acids (complex group of galactose and glucuronic acid 
units) of desert bushes and trees. Their aldehyde end- 
groups are involved with linkages among the units while 
the carboxyl groups are free, methoxylated, or com- 
bined with alkali or alkaline-earth metals. 

Pectin associated naturally with hemicelluloses and 
cellulose in a water insoluble form is termed “‘proto- 
pectin.” It is the precursor of the well-known water- 
soluble pectin of commerce. Protopectin is easily con- 
verted to water-soluble pectin by the aid of heat, acids, 
or certain enzymes. 

It should be possible, theoretically, to find a methoxy! 
content of 16.32% in pectin. Usually the methoxy! 
content for pectins of commerce is in the range of 
8-11%, while, for certain uses, it has been found de- 
sirable to reduce the methoxyl to the 3.5-5.0% region 
where the remaining molecule exhibits reactions with 
metallic ions typical of normal ionic bonding. [n cer- 
tain commercial pectins one finds part of the carboxyl 
groups combined as methyl esters, others as salts of 
alkali or alkaline-earth metals, and some as ammonium 
salts. In certain partially de-esterified pectins some 
carboxyls are converted to acid amides. 

The chemical determination of commercial pectil 
quality or quantity can involve direct titration for the 
free carboxyls, titration after adding formaldehyde to 
get the ammonium salts, ashing and determining the 
metal content of the ash, and saponifying to learn the 
ester content. Distillation from sodium hydroxide 
solution reveals the combined ammonium and acid 
amide content. Many colorimetric methods are avail- 
able, mainly those where some hydrolytic product 0! 
pectin produces a specific color. When pectic sub- 
stances are distilled at 120°C. with 12% HCl, the gal 
acturonic acid loses CO, and forms the pentose. arabi- 
nose, which on further heating is quantitative!y ¢0! 
verted to furfural by losing three molecules of H.0. 
The CO, is determined by absorption in Ba(OH ): while 
furfural is measured by a colorimeter after reactio! 
with aniline. 

Intricate physical chemistry is involved when ¢ 
determines average molecular weights of pectilis. One 
scheme is to nitrate the pectin (with very high density 
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HNO; in the cold) and determine the viscosity of solu- 
tions of the nitrated material in anhydrous acetone. 
Viscosities can be related to molecular weights by the 
Einstein and Staudinger equations. 

Although not a chemical determination, it should be 
noted that measurements of the modulus of elasticity 
of sugar-water-pectin-acid jellies which have been pre- 
pared by a carefully defined procedure lead to stand- 
ardization of the gel-forming ability of pectins. These 
measurements can be made quickly, easily, and pre- 
cisely with an inexpensive instrument called the “Ex- 
change Ridgelimeter.’’2 

Flavonoids. There is a relatively new field of citrus 
chemistry involved with identification, commerial 
extraction, separation and standardization of the deriv- 
atives of 2-phenyl-benzopyrone, compounds known as 
flavonoids. These compounds usually occur as gly- 
cosides, and, like the pectins, are scattered throughout 
the fruits, although they are most plentiful in the meso- 
carp or albedo. They are often classed as plant pig- 
oo G. H., anp W. E. Barter, Food Technology, Il, 18 
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ments even though those found in citrus are usually 
colorless when pure. 

These compounds may all be considered as deriva- 
tives of y-pyrone, a ring of 5 carbons and 1 oxygen, with 
a quinoid oxygen on the carbon para to the oxygen of 
the ring. The simplest aromatic derivative is benzo- 
pyrone with a plain benzene ring having one side in 
common with the y-pyrone ring. A phenyl group at- 
tached to the carbon adjacent to the oxygen in the 
pyrone ring gives the real basic unit for the flavone der- 
ivatives, 2-phenyl-benzopyrone. The flavonoids are 
thus derivatives of a Cs—C;—C, skeleton. 

Sugars, usually both rhamnose and glucose, are at- 
tached to carbon 7 for citrus flavonoids, with only a few 
cases where rhamnose alone is attached to carbon 7. 
When sugars are attached to the flavonoid nucleus, the 
compounds are called glycosides and when the sugars 
have been removed or are not present the term aglycone 
is applied. 

When flavonoids are treated with alkali they 
are converted into the soluble chalcone form. The 
oxonium salt or a flavylium-like salt is formed (usually 
the chloride) by reduction in alcoholic hydrochloric 
acid. The flavylium-like salts exhibit colors ranging 
from red to magenta, characteristic of the compounds 
used, and form the basis for a colorimetric assay. The 
chalcone form lends itself nicely to colorimetric assay 
due to the unique development of a yellow color when 
allowed to react in anhydrous acetone with boric and 
citric acids. (See structures below.) 


EDIBLE PORTION (ENDOCARP) 


The endocarp of citrus fruits includes the portion 
usually eaten. This means that the seeds are not nor- 
mally considered as endocarp when citrus fruits are 
being discussed by nutritionists. Segment coverings 
(carpellary membranes) as well as the individual juice 
sacs or vesicles and also the vascular bundles of the seg- 
ments or carpels are considered part of the endocarp. 

The actual juice portion of the endocarp is by far 
the most important to the citrus industry and as a con- 
sequence has received much more chemical study. In- 
deed, the chemistry of the main constituents of the 
juice, citric acid, sugars and ascorbic acid (vitamin C) 
has almost become classic. Consequently space will 
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not be devoted to these substances which are already 
quite well known. 

Citric acid in citrus fruits is generally determined by 
straightforward titration because other organic acids 
are present in insignificant amounts, although occasion- 
ally one must resort to lead acetate separations and 
permanganate oxidation to get pentabromacetone to 
be determined gravimetrically. Citric acid may also 
be determined gravimetrically as the calcium salt. 

Refractive index readings in citrus juices, although 
sometimes considered as indicating “total sugars,” 
are more indicative of total soluble solids, especially 
after corrections have been made for the presence of 
nonsucrose substances. Polarization methods as well 
as standard reducing sugar schemes are employed for 
actual sugar determinations. Flame spectrophotom- 
etry has aided materially in establishing the true con- 
tents of alkali and alkaline-earth metals in citrus juices 
and microbiological assays have shown the presence of 
surprisingly high levels of the B-complex vitamin sub- 
stances. 

The chemical pattern of filtered citrus juice has been 
complicated during recent years by the realization that 
nitrogeneous constituents were responsible for about 
5% of the total soluble solids present. Quantitative 
chromatographic techniques indicate about a dozen 
amino acids which account for 85% of the nitrogen 
found. Chromatography is being widely utilized at 
present in efforts to identify the yet unknown soluble 
constituents of citrus juices. 

Intensive analytical efforts on citrus during the past 
few years have brought to light many surprising re- 
lationships among the nutritive constituents. For 
example, perhaps only a few physicians, dietitians, and 
nutritionists realize that the sodium content of orange 
juice is extremely low, only a few parts per million, about 
1/400 as much as the potassium content. Lemon 
juice is likewise low in sodium, usually about 10 parts 
per million, with potassium being about 100 times this 
amount. These juices should thus be of considerable 
interest to physicians who wish to adjust fluid intakes 
and get high potassium and low sodium levels for cer- 
tain types of cardiac treatment. B-complex vitamins 
are of great interest, yet nutritionists seldom real- 
ize that orange juice, a recognized high-level source of 
vitamin C, contains three or four times as much inositol 
as it does vitamin C. 

Seeds. Dried seeds from citrus offer a good source 
of a commercially useful oil. Citrus seed oils make up 
about 30% of the dry weight of the seeds. The fatty 
acids are mainly linolenic, linoleic, and palmitic, with a 
much smaller content of stearic acid. .The seeds are 
coated with a highly polymerized and methoxylated 
galacturonide chemically resembling pectin but which, 
unlike pectin, fails to produce characteristic sugar 
jellies. 

A most unusual chemical substance, limonin, is 
found in the seeds of grapefruit, lemons, and oranges. 


This intensely bitter compound whose empirical form- 
ula,is. CosH3o03 is a dilactone which is easily converied 
by alkali to a salt of the dihydroxy-diacid, limonic ac id. 
Salts of this complex acid are not bitter, but acidifica- 
tion causes cyclization, regenerating limonin with its 
original bitterness. Since this same compound, li:o- 
nin, is involved with the production of bitterness in 
Navel orange juice, chemists have had an added incen- 
tive to learn more about it. Studies so far have «m- 
phasized the complexity of the limonin molecule and 
have not completely cleared up the picture of its molec- 
ular structure. 


e@ ASTIRRER FOR USE IN DIALYSIS 


TREVOR ROBINSON 
Syracuse University, Syracuse, New York 


GENTLE stirring of protein solutions during dialysis 
is useful in decreasing the time required for diffusion 
equilibrium to be _ reached. 
Where the volume of solution 
to be dialyzed is rather small 
(e.g., 50 ml.), the larger, more 
complex types of dialysis ap- 
paratus are not applicable; 
but the volume is still large 
enough so that stirring is of 
value. Commercial units are 
available for this purpose. 
However, one can easily be 
made for about two dollars. 
The basis of this stirrer is a 
slow-speed synchronous motor 
of which various types are 
available as surplus from elec- 
tronics dealers. The other 
essential element is a device for holding the dialysis 
bag concentrically around the stirrer shaft. A ring 
type radio tube socket neatly fills this role. Its 1° jin. 
diameter is just right to hold snugly 1'/s-in. diameter 
dialysis tubing. The center hole of the tube socke' 
must be bored out large enough to allow clearance for 
the rubber tubing which attaches the stirring rod to the 
shaft. The metal contacts are also removed and two 
of the smaller holes drilled out for wood screws. The 
base to which the whole assembly is mounted can be a 
circular piece of '/s-in. plywood or plastic whic! sup- 
ports the apparatus on the rim of a beaker or large jal. 
Other construction details should be apparent from the 
diagram. 


1A suitable 4 RPM motor (order no. R-4572A) may be 
obtained from the Radio Shack Corporation, 167 Was!iington 
St., Boston 8, Mass. 
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Janes Dewar is often mentioned by chroniclers as the 
man who succeeded Michael Faraday as Fullerian 
Professor of Chemistry at the Royal Institution. How- 
ever, Faraday’s successor was really William Odling, 
a chemist well known to the scientists of the time. 
Odling held the chair for five years, from 1868 (Faraday 
died in 1867) until 1873. Dewar was not appointed 
to the professorship until 1877; during the remaining 
interval, the chemist John Gladstone was Fullerian 
Professor. 

William Odling is a particularly interesting person- 
ality, because he was, to quote one of his eulogizers, 
a scientist who had “lived through three generations 
of warring [chemists]...a front rank fighter among 
the first, a member of the general staff during the 
second, and an interested observer and wise counsellor 
at the end.” Before his death in 1921, at the age of 
92, he was still interested, still newly excited by such 
events as the ordering of the X-ray spectra by Mosely, 
and the rise of the new quantum physics. 

Odling was born in Southwark, England, in 1829. 
John Dalton was then still alive, and had turned his 
attention to the study of colorblindness. Faraday gave 
his first Bakerian Lecture that year, and a chemist 
named Graham had just published some interesting 
results about the diffusion of gases. Another baby, 
destined to greater fame than Odling, was born that 
same year in Darmstadt, Germany, to the Kekulé 
family, and was named Friedrich. 

After his secondary schooling, young William entered 
St. Guy’s Hospital as a medical student, determined to 
follow in the footsteps of his physician father. Chem- 
istry, however, proved to be a lure he could not resist. 
Although he received his M.B. degree in 1851, he spent 
practically all of his active life as a chemist, and not as 
a doctor. The year of his graduation, he became 
Professor of Practical Chemistry at the Hospital. He 
wrote l:ter that the actual decision to become a profes- 
sional chemist had been made in 1855. In that year, 
he was invited, as Secretary of the Chemical Society, 
to deliver a lecture at the Royal Institution. He was 
hot certain that he could rise to the occasion, and spent 
some sleepless nights preparing the lecture (it was on 


the constitution of hydrocarbons, a controversial 
problem). 
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WILLIAM ODLING, FARADAY’S SUCCESSOR 


SIDNEY ROSEN 
Brandeis University, Waltham, Massachusetts 


The immediate success of this lecture decided his 


career. The sales of a textbook he had written in 1854, 
Chemistry for Medical Students, soared. By 1876, 
the book had gone through five editions. But a new 
era in chemistry had begun with the work of two 
Continental chemists, Charles Frederic Gerhardt and 
Auguste Laurent. William Odling, attracted by their 
bold chemical theories, had attempted a translation of 
Laurent’s Chemical Method, which was published in 
1855. That same year, Odling left for Paris to attend 
school opened there by Gerhardt and Laurent. But it 
was the year the school was destined to fail; Gerhardt 
left for Strasburg, and died there the following year. 
Upon his return to England, however, the young 
Odling found that he had acquired something of a 
reputation as a gifted exponent of the new chemistry. 


MID-NINETEENTH CENTURY CONTROVERSIES 


The mid-nineteenth century was an arena of struggle 
for various factions of chemists. Dalton’s Table of 
Atomic Weights dominated the textbooks and the 
university lectures, and Gay-Lussac’s Law of Combin- 
ing Volumes was still quite suspect. Avogadro’s 
Hypothesis had been forgotten by the older generation 
and was unknown to the younger. Problems involving 
chemical bonding, particularly the combining of organic 
radicals with elements like oxygen, hydrogen, and 
chlorine, invited many different solutions and caused 
bitter controversy. Great chemists insulted each other 
with the crude epithets of draymen. One of the famous 
practical jokes of the period was the submission of a 
communication by Wohler to Liebig’s Annalen (in 
1840) claiming to have replaced every single atom 
in a manganese acetate molecule by chlorine atoms. 
Wohler signed the letter S. C. H. Windler. 

Gerhardt and Laurent had worked out a system of 
classification of organic compounds called the ‘‘theory 
of types.” Compounds were arranged in_ series, 
depending upon the type of reaction which had pro- 
duced them. For example, the amines were “ammonia 
types,” since they had been prepared by Hoffman 
through the reaction of ammonia upon the alkyl 
halides. Ethers, alcohols, and esters were “water 
types,”’ because Williamson had shown them to occur 
as substitution products of water. Gerhardt had added 


517 


R Lhe | 
SSA 
fj 
NEW ENGBAND ASSOCIATION 
athe; 
OF CHEMISTRY TEACHERS 
‘ : 
‘ 


The photograph above, taken during the later years of his life, probably 
does not characterize the real Odling as well as the following bit of doggerel, 
written by a waggish ber of the Chemical Society in 1863: 


“Odling, well known sipce boyhood’s many hours. . . 
And I return to find the quondam lad 

Hath sprung to fame, and carrying on like mad, 

A Guy’s professor M.B., nothing less, 

Our Secretary, and an F.R.S., 

Writing a work symbolical and quaint 

With names to test the patience of a sairt.”’ 


the “hydrochloric acid types” and the “hydrogen 
types,” and had organized the whole into a single 
theory of classification. 

This theory, along with Gerhardt and Laurent’s 
new table of atomic weights, was particularly singled 
out for abuse by members of the Liebig school. The 
two chemists had arrived at a formulation of O = 16, 
C = 12, and S = 82, by reducing all formulas to a 
common volume basis (they used two volumes as a 
standard). William Odling was untiring in his efforts 
to get this new atomic weight table accepted by British 
chemists (who were, as a whole, reluctant to change 
from the dicta of their original hero, Dalton). When 
one considers that as late as 1893 there were still pro- 
fessors of chemistry writing Daltonian atomic weights 
on their blackboards, Odling’s work appears heroic. 

In 1863, Odling accepted the Chair of Chemistry at 
St. Bartholomew’s Hospital in London, a great step 
upward. The following year, he accomplished the one 
piece of work which merits the brief mention of his 
name in some histories of chemistry: he anticipated the 
periodic table of elements. As early as 1857, he had 
written a memoir on the natural grouping of elements 
in accordance with their atomic weights. But in 1864, 
he showed that when one compared carbon with mem- 
bers of the nitrogen family, there seemed to be one 
element missing in the tetrad place, at atomic weight 
72. Mendeleev’s work was unknown in England at the 


518 


time. Unfortunately, Odling did not carry his con- 
ceptual scheme far enough; it remained for Mendelecy, 
in 1871, to predict the existence of the element ger- 
manium (as ekasilicon). 

William Odling was 29 years old, when Stanis/ao 
Cannizzaro, in 1858, shamed the chemical world ito 
remembering that Avogadro had solved their greatest 
problem in 1811. The 47-year interval had brouzht 
new laboratory techniques and new evidence. It 
took three years before Odling was finally convinced; 
but in 1863, he fought tooth and nail against the old 
guard for the acceptance of Cannizzaro’s work. On 
May 15, he read a paper before the Royal Institution 
on the composition of water, making his arguments 
clear and succinct: 
Does the molecule of water consist oi a single combining 
proportion of hydrogen having the relative weight 1, united with 
a single combining proportion of oxygen having the relative 
weight 8, or does it consist of two combining proportions of hydro- 
gen each having the relative weight 1, united with a single 
combining proportion of oxygen having the relative weight 16? 
In other words, ought the molecule of water to be represented 
by the formula HO’, in which the O’ stands for 8 parts of weight 
by oxygen, or by the formula H,0”, in which the O” stands for 
16 parts by weight of oxygen? The question is entirely one of 
fact. If the hydrogen of water is experimentally indivisible, it 
necessarily constitutes an indivisible proportion, or atomic 
proportion, or so-called atom. If, on the other hand, it is 
experimentally divisible into two equal parts, it must consist of 
at least two atomic proportions, or two atoms. 


Having made his point, he proceeded to demonstrate 
that H,O was undeniably the formula for the water 
molecule, and that this had been proposed by Gay- 
Lussac and Berzelius, and had been used by Humphrey 
Davy half a century before. 


SUCCESSOR TO MICHAEL FARADAY 


In 1868, Odling was elected to succeed Faraday as 
Fullerian Professor of Chemistry. He was then also 
Secretary of the Chemical Society, a Life Member of 
the British Association for the Advancement of Science, 
and a Fellow of the Royal Society. Though he did 
not possess Faraday’s magnetic personality, Odling’s 
lectures were popular because of his knack of explaining 
complicated concepts with clarity and simplicity. 
Carrying on a tradition begun by Faraday, (dling 
delivered three series of Christmas Lectures for Chil- 
dren: Chemical Changes of Carbon (1868-69), Burning 
and Unburning (1870-71), and Air and Gas (1872-73). 

Odling also did some work in applied chemistry as 
Examiner of the London water supply (a position he 
held in the 1870’s). During a cholera epidemic at 
Lambeth, he discovered that on one street the houses 
on one side had no cholera cases, while the disease had 
ravaged the houses across the way. Looking further 
into this strange situation, he found that the cholera 
victims were supplied with well-water, while the others 
received their water from the Thames. He then de- 
duced that river water became purer as it flowed toward 
the mouth: a correct deduction, and an important 
factor in sewage control. Had the study of bacteriol- 
ogy been more advanced, the physician Odling might 
have made a great discovery, where the chemist 
Odling had made none. However, it remained for 
Robert Koch to return from India in 1884 wit! the 
isolated cholera vibrio. : 

The most unusual paper delivered by Odling during 
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his term as Fullerian Professor was ‘‘The Revived 
Theory of Phlogiston,” given on March 28, 1871. 
More speculative than scientific, he probed the pos- 
sibility of interpreting the principle of fire, or phlogiston, 
invented by Beccher and Stahl about 1700, in terms of 
energy. This lecture was far more romantic and 
flourishing in style than his usual terse reports. In 
America, Youmans was prompted to reprint the entire 
lecture in the September 1876 issue of the Popular 
Science Monthly. With the principle of the conser- 
vation of energy clearly established by the work of 
Mayer, Clausius, Maxwell, Boltzmann, and Joule, 
Odling volunteered the following interchange between 
the words phlogiston and chemical energy: 

It is not our habit to say that charcoal and sulfur and lead are 
bodies possessing potential chemical energy, that is, phlogiston; 
that in the act of burning, their energy which was potential be- 
comes kinetic or dynamical, and is dissipated in the form of 
light and heat; that the products of their burning (including 
the gaseous product now known to be furnished by the burning 
of charcoal) are substances devoid of chemical energy, that is, of 
phlogiston; that when the acid substance furnished by burning 
sulfur is heated with charcoal, some energy of the unburnt char- 
coal is transferred to the burnt sulfur, just as some energy of a 
raised weight may be transferred to a fallen one, whereby the 
sulfur is unburnt, provided with energy, and enabled to burn 
again, and the fallen weight is lifted up, provided with energy, 
and enabled to fall again; that the potential chemical energy 
of metallic lead did not originate in the lead, but is energy or 
phlogiston transferred thereto from the charcoal by which it was 
smelted; and lastly, that the chemical energy of the charcoal 
itself, its capability of burning, its power of doing work, in one 
word, its phlogiston, is merely a portion of energy appropriated 
directly from the solar rays? 


“A MAN WHO HAD BEEN AT THE MAKING OF THE 
SCIENCE HE TAUGHT”’ 


Odling resigned the Fullerian Professorship in 1872 
in order to accept the Wayneflete Professorship of 
Chemistry at Oxford, succeeding Sir Benjamin Brodie 
in this post. At the University, Odling became a 
“beloved character,” with idiosyncrasies still remem- 
bered by his former students. He considered working 
directly in the laboratory with his students distasteful, 
and hired a special ‘‘Aldrichian demonstrator” to deal 
with the laboratory classes. Though he did not 
discourage experimental research, he preferred the 
theoretical side of chemistry. He was once heard to 
remark that it was not etiquette for a professor to 
enter the chemistry laboratory. His lectures, and 
most of his life’s work, coordinated and systematized 
the original work of others. Nevertheless, the students 
considered them “the lectures of a man who had been 
at the making of the science he taught.” 


Upon his appointment to Oxford, he had married 


Elizabeth Mary Smee, daughter of the inventor of 
Smee’s Cell. Of their three sons, only one, Marma- 
duke, became a chemist. Odling’s intellectual in- 
terests were varied; he had an excellent collection of 
engravings, and he belonged to the Athenaeum and the 
Garrick Club. At the age of 80, he learned Spanish, 
so that he could address the Spanish Physical and 
Chemical Society upon his election as a honorary 
member. In 1912, he retired from active teaching; 
however, he then wrote and published a critique of 
poetry called The Technic of Versification. Like most 
of his writings, the text was full of symbolic notations, 
and contained almost no verbs. 

At the Jubilee Banquet of the Chemical Society in 
1898, William Odling (along with Frankland and 
Williamson) was toasted as one of the founders of the 
New Chemistry. James Dewar said of him: 


The work of Odling has been an essential factor in the develop- 
ment of modern chemistry. It is characterised by precise and 
clear ideas, and an almost forensic ability of putting things in a 
straight, concise and unembarrassing manner. His early labours 
in advancing the development of the newer chemistry deserve our 
warm gratitude, and his many published works and addresses on 
organic chemistry, together with his translation of the work of 
Laurent, have all been of material service in diffusing a knowl- 
edge of our science. The papers he has contributed on chemical 
notation and on the question of types all display a marvellous 
precision as well as elegance of thought. Everyone must admit 
the debt of gratitude we owe him for his iconoclastic labours in 
clearing out old and vague notions, and for the courageous 
manner in which he supported the newer ideas of his time. 


It seems strange that no important original discov- 
eries came from this man, apparently equipped with 
all the requirements for genius. Nevertheless, his 
greatness was an inseparable part of the develop- 
ment of the science of chemistry in England during the 
latter half of the nineteenth century. He was remem- 
bered by three generations of English chemists as the 
man who had been responsible for the acceptance of 
the ideas of Gerhardt, Laurent, and Cannizzaro. 
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$4,000,000 A YEAR FOR SIX YEARS FOR TEACHER EDUCATION 


Tue pamphlet, “New Directions in Teacher Education,’’ reviews teacher training programs sup- 
ported by the Ford Foundation’s Fund for the Advancement of Education. 
ring calls for a “broad liberal education for all teachers and school administrators and at the 
same time greater attention to educational philosophy during the period of professional education 
so that each teacher may see beyond his own field.’’ 
not be at the expense of other necessary aspects of teacher education, Dr. Woodring stated. He 
calls for an interrelated four-part teacher education program consisting of: ‘‘1) liberal education; 
2)an extended knowledge of the subject or area taught; 3) professional knowledge, as distinguished 
from professional skills; and 4) skills in managing a classroom, working with children and young 
people, and in supervision of the learning process.”’ 


Author Paul Wood- 
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To the Editor: 


A recent paper on “The Use of Exact Expressions in 
Calculating Hydrogen Ion Concentrations’ (E. R. 
NIGHTINGALE, JR., June, 1957, p. 277) contains two 
equations which seem unnecessarily awkward. In the 


treatment of simple buffer solutions, equation (20) 
might well be replaced by the equation 

Ca — [H*] + 

= Ke — 

which is no less exact. In most cases of practical im- 
portance the difference between [H*] and [OH~) is 
much less than the concentration of either constitient 
of the buffer, and then the simple Henderson equat on 

[H+] = Ke 
is valid. The derivation of this useful relation should 
be far more important to students than the impractical 
mathematical conclusion which Nightingale draws 
from his equation (21). 


Davin I. 


University ScHoot oF MEDICINE 
New Haven, CoNNECTICUT 


SUBSTANCES 


Tue representation of ionic compounds by suitable 
formulas often confuses the beginning student of 
chemistry. It is possible that some of this confusion is 
due to lack of uniformity among instructors in pre- 
senting ionic formulas. This could especially be true 
in the larger colleges where a student may have several 
instructors during a school year, possibly even more 
than one for the same course. The following conven- 
tions supply a systematic representation of ionic 
compounds. These conventions are not original with 
the author; they summarize ideas from several text- 
books of general chemistry.! 

1. For compounds which are known to exist 
primarily as ions in the solid state, use a coefficient in 
front of the ions, which should be separated by a 
comma. Examples: 


Ca++, 2NO;-; 2Nat, O-- 
2. For ionic compounds in solution, use a coeffi- 


cient in front of the ions and separate them with a 
plus sign. Examples: 


Ca++ + 2NO;-; Nat + OH- 
The solution of calcium nitrate in water would then be written 
Cat+, 2NO;- + 2NO;— 


1 See especially: Frey, P. R., “College Chemistry, Prentice- 
Hall, Inc., New York, 1952; and Briscog, H. T., ‘College Chem- 
istry,’’ Fourth edition, Houghton Mifflin Co., Boston, 1951. 
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A SUGGESTED CONVENTION FOR THE REPRESENTATION OF IONIC 


STANLEY G. SUNDERWIRTH 
Colorado State University, Fort Collins, Colorado 


3. For compounds which are known to be pr- 
marily covalent, use the molecular convention. 
Examples: 


CO.; NH; 


4. For the solution of covalent compounds which 
form ions in solution, use the molecular form on the 
left and the convention for ions in solution on the right. 
Example: 


H.SO, 2H* + 

A neutralization reaction would then be written: 
2Na+ + 20H- + 2H+ + SO,-- 2Na*+ + SO,-~ + 2H,0 

5. A precipitate which is known to be ionic should 
be written in the ionic form used for solids. Example: 
Bat+ + 2Cl- + 2H+ + S0,--— Ba++, SO,-~ + + 2cl- 

6. Weak acids and bases should be written in the 
molecular form even in aqueous solution. Example: 
+ 3NO;- + 3NH,OH — Al(OH); | + 3NHi* 


Notice that aluminum hydroxide is written in the molecular 
form. 

It is realized that these rules will not meet with the 
approval of all instructors. Nor will they account for 
every situation which might arise. However, 
believed that if they are rigidly adhered to, they wil 
decrease the confusion too often associate! with 
ionic representation. 
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ELEMENTARY PRACTICAL ORGANIC 
CHEMISTRY. PART I. SMALL SCALE 
PREPARATIONS 


Arthur I. Vogel, Head of Chemistry De- 
partment, Woolwich Polytechnic. Long- 
mans, Green & Co., New York, 1957. xv 
+ 347 + xiv pp. Many tables and 
figures. 15 X 22.5 cm. $4.50. 


Tus new book is the first of a series of 
three books intended for use by students 
of organic chemistry and deals with small- 
scale laboratory preparations. Part II, 
now in press, is concerned with the quali- 
tative analysis and Part III which is in 
preparation with the quantitative analysis 
of organic compounds. 

Chapter I of ‘Elementary Practical 
Organic Chemistry’’ is a good, thorough 
discussion of the theory of general tech- 
nique including: the theery of distillation, 
solutions of liquids in liquids, theory of 
melting and freezing, and the theory of 
drying and extraction. 

Chapter II on experimental technique 
consists of 110 pages of very helpful in- 
structions and suggestions regarding the 
cleaning of glassware, construction of heat- 
ing and cooling baths, mechanical agita- 
tion, calibration of thermometers, experi- 
mental determinations of melting points 
and boiling points, fractionation, distil- 
lation under diminished pressure, purifi- 
cation by reerystallization, removal of 
coloring matter, drying of solid organic 
compounds, drying of liquids or solutions 
of organic compounds in organic solvents, 
the technique of extraction with solvents 
including continuous extraction methods, 
and the purification of organic solvents. 

Chapter III gives detailed instructions 
for the preparation of a wide variety of 
aliphatic compounds including: saturated 
and unsaturated hydrocarbons, alkyl 
halides, aliphatic ethers, aldehydes, ke- 
tones, anhydrides, carboxylic acids and 
their esters, and amides, amines and 
related compounds, maleic and fumaric 
acids, and the products of the malonic 
ester synthesis and the acetoacetic ester 
synthesis. 

Chapter IV deals with the preparation 
and reactions of the aromatic compounds; 
uration, halogenation and sulfonation of 
‘tomatic hydrocarbons, preparation of 
amines and many of their derivatives, 
reduction products of nitrobenzene, re- 
wctions of diazonium salts to form various 
‘ubstituted aromatic compounds, proper- 
es and preparation of aldehydes, ketones, 
acids, and alcohols. 

Chapter V includes 21 miscellaneous 
*xperiments which should draw the atten- 
‘on of some of the better students. They 
elude Skraup’s reaction for quinoline, 
Docbner-Miller reaction for quinaldine, 
the _ Preparation 2,4p-dichlorophenoxy- 
acid, S-benzyl-isothiuronium chlo- 
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ride, D.D.T., the depolymerization of 

nylon, the use of an organolithium com- 
pound, reduction with aluminium iso- 
propoxide, reductions with lithiumal alu- 
minium hydride, the diene synthesis, and 
applications of some chromatographic 
adsorptions. 

The most interesting feature of the book 
is that the author uses apparatus of such 
design that all of the experiments are 
performed on a small scale. He states 
that “the student trained with their aid 
will be able to adapt himself easily and 
without effort to preparations on a macro 
seale.’’ In section II, 1, the author enu- 
merates many advantages of small-scale 
apparatus for small-scale preparations. 

Electronic interpretations are given for 
many of the more important reactions. 

The book is an excellent guide for any- 
one who might wish to carry out labora- 
tory preparations on a small scale. It is 
an excellent laboratory manual. 


GERRIT VAN ZYL 
Hore 
MicHiGAN 


PROFESSIONAL AMATEUR, THE 
BIOGRAPHY OF CHARLES FRANKLIN 
KETTERING 


T. A. Boyd. E. P. Dutton & Co., Inc., New 
York. 1957. xii + 242 pp. 43 illus. 
14X21.5cm. $4.50. 


Wuar is there about an electrical en- 
gineer, turned mechanical, that merits a 
chemist’s attention? For one thing, Ket- 
tering was more than “mechanical.’’ In 
his habit of ignoring subject-matter bound- 
aries he has prospected in the domain of 
chemistry. Kettering was, in a sense, the 
catalyst that helped Thomas Midgley 
change from mechanical engineer to 
chemist. Whether for chemical or other 
fields, his markedly unconventional pat- 
terns of handling research problems are 
suggestive for all who cope with the frus- 
trations of research. 

Some of his admirers have noted that 
his middle name is Franklin and that his 
total personality merits the label, “A 
twentieth century Franklin.’”’? By an in- 
ventory of inventions, however, one finds a 
more accurate comparative in Thomas A. 
Edison. 

The book chronicles his life in research 
as a truly American success story. For 
five years following his graduation from 
college he worked for the National Cash 
Register Company. By 1909 his private 
research program occupied all his time. 
Ten years later he was persuaded to hitch 
his inventive genius to the star of the newly 
established General Motors Research Lab- 
oratory. From that laboratory, during 


the 37 years of his direction, came: ethyl 
gasoline, new finishes for quick car paint- 
ing, a more efficient Diesel engine, and a 
high compression engine for automobiles. 

His extracurricular activities have in- 
cluded: a share in the study of heat for 
medical therapy, production of a World 
War I pilotless plane, and a part in the 
planning and financing of an Institute for 
Cancer Research. His reluctant response 
to a call for help is credited with “saving 
the Winters National Bank of Dayton from 
collapse’ in 1924. It was his initiative 
that put him into business with a home- 
town concern, in order “‘to elevate living 
conditions and general prosperity of the 
people of the town.’’ Since his retirement 
in 1947 he has been almost as active as 
before. Four interests claim his atten- 
tion: the cancer research, photosynthesis, 
magnetism, and a better and cheaper light 
airplane. 

Author Boyd, a former research asso- 
ciate of Kettering, makes generous use of 
quoted excerpts from Kettering’s writings 
and speeches. He is frankly laudatory 
and gives scant attention to any personal 
quirks which may have been less than 
helpful to family or associates. However, 
the book’s narrative does, in course, bring 
the reader to a sense of encounter with 
“Boss Ket” in person. 


B. CLIFFORD HENDRICKS 
457 24th AVENUE 
Loneview, WASHINGTON 


CHROMIUM, VOLUME I: CHEMISTRY 
OF CHROMIUM AND ITS COMPOUNDS 


Edited by Marvin J. Udy, Strategic-Udy 
Metallurgical and Chemical Processes, Ltd. 
Niagara Falls. Reinhold Publishing Corp., 
New York, 1956. xii+433 pp. 40 figs. 
83 tables. 16 X 23.5cm. $11. 


VotumeE I of a two volume series on 
Chromium is the result of the combined 
efforts of sixteen authors in addition to the 
editor, who authored the historical intro- 
duction. These contributors represent 
academic, government, and _ industrial 
organizations, and even casual inspection 
reveals the care exercised in the distribu- 
tion of the writing. The volume is 
divided into two major sections. The 
first section includes chapters on History 
of Chromium, Analytical Chemistry of 
Chromium, Relation of Chromium to 
Health, and Chromium in Soils, Plants, 
and Animals. The second section bears 
the heading ‘Physical and Chemical 
Properties of Chromium Compounds.”’ 
The chapters in this section include The 
Physical and Chemical Properties of Com- 
pounds of Chromium, Chromium Chem- 
icals: Their Industrial Use, Chromium 
Chemicals in the Textile Industry, Chrom- 
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ium Chemicals in the Tanning Industry, 
Chromium Chemicals in Wood Preserva- 
tion, Chromium Chemicals in Corrosion 
Prevention, The Manufacture and Prop- 
erties of Chromium Pigments, Chromium 
Chemicals in the Graphic Arts, Chromium 
Chemicals in the Oil and Gas Industries. 
This and its companion volume provide 
the chemist with extensive reviews on 
virtually all of the significant topics 
relating to chromium chemistry, metal- 
lurgy, and technology. Some of the topics 
are treated with impressive thoroughness, 
although this cannot be said of all of the 
subjects. It is probably a consequence of 
the joint authorship that the style, organ- 
ization, and, to some extent, the quality 
vary from chapter to chapter. This is 
reflected particularly in the frequency of 
occurrence of minor errors of the kind 
easily eliminated in proof. In this con- 
nection, it is noted that the names of two 
of the contributors are incorrectly spelled 
on page iii. 

The chapter on Physical and Chemical 
Properties, which represents 32% of the 
pagination of the volume, contains a 
fantastic accumulation of information, and 
should be invaluable as a_ reference, 
although its compactness detracts con- 
siderably from the ease with which it may 
be read. It appears that some of the in- 
formation is based on relatively old 
sources, such as the earlier reference 
books. For example, the nomenclature 
recommended for chromium complexes is 
not modern, while the seven pages devoted 
to coordination compounds cite only one 
reference to the original literature, relying 
almost entirely on two eleven-and twelve- 
year-old texts. The bibliography for this 
chapter contains no citations later than 
1952. A number of the other chapters 
are limited to the literature prior to 1953, 
although this is not general. 

The chapters in the introductory section 
and those on industrial applications 
provide an effective orientation for the 
reader on the position of chromium in 
nature and society, as well as offering a 
great deal of useable information. In a 
few cases, some lack of liaison among the 
authors is indicated by repetition of discus- 
sion in more than one place. This 
volume will serve those concerned with 
either the chemistry of chromium or with 
one of the several aspects of chromium 
technology discussed. 


DARYLE H. BUSCH 
Tue State UNIVERSITY 
OxI0 


VAPOUR PHASE CHROMATOGRAPHY 


Proceedings of the Symposium sponsored 
by the Hydrocarbon Research Group of the 
Institute of Petroleum, London, May 30, 
1956. D. H. Desty, Editor. Academic 
Press, Inc., New York, 1957. xv + 436 
pp. 244 figs. 16.5 X 25.5 cm. $12. 


Tuts book is an important and valuable 
addition to the literature of gas-liquid 
chromatography for two reasons: the 
book is composed of articles by active 
workers in the field, and of discussions of 
the articles by the workers. It contains a 


brief section on recommended nomencla- 
ture which should help to stabilize this 
important tool of communication. This 
is followed by a brief address of welcome 
and then 36 articles with interspersed 
discussion. The articles deal with general 
theory; theory of more specialized kinds, 
such as that of detectors; techniques of 
operation; apparatus; applications. 
These are full of valuable ideas and data, 
and will be of great assistance and inspi- 
ration to the gas chromatographer. The 
discussions are fully as important. In 
some ways, these set this book apart, 
because here one comes across the kinds of 
insightful comments that seldom survive 
the editorial pencil to appear in journal 
articles. For this reason, the discussions 
make particularly valuable reading. Con- 
sidering that an apparatus for gas chroma- 
tography may cost in the neighborhood of 
100 times the price of this book, the 
additional investment represented by 
this book is not excessive, and indeed is 
recommended as a good one. 


HAROLD G. CASSIDY 
Yave UNIVERSITY 
New Haven, ConneEctTIcUT 


THE MICROBIAL WORLD 


Roger Y. Stanier, Michael Doudoroff, 
Edward A. Adelberg, Department of 
Bacteriology, University of California. 
Prentice-Hall, Inc., Englewood Cliffs, N. J., 
1957. xxii + 682 pp. Many figures. 
16 X 23.5cm. $8. 


Written by three University of Cali- 
fornia bacteriologists, this 682-page text 
presents all the principles of bacteriology 
on a level suitable for the beginning stu- 
dent. It is divided into three parts: 
Part I, ‘“‘The Properties of Microorgan- 
isms,’’ explains how microorganisms were 
discovered, how they are studied, and 
what they are. Part II, ‘“The Ecology of 
Microorganisms,’’ describes their distribu- 
tion in nature, their influence on the living 
and nonliving environment of the earth’s 
surface, and their exploitation by man for 
his own ends. Part III, “The Biological 
Background,’’ provides the reader with a 
brief survey or review of general biological 
facts and theories. 

Readers of the JouRNAL or CHEMICAL 
EpucaTion who are interested in keeping 


_abreast of recent developments in the 


fields of biology and biochemistry will find 
Part III particularly useful. It consists 
of Chapter A, The Composition, Struc- 
ture and Reproduction of Living Organ- 
isms; Chapter B, Genetics, Evolution and 
Classification; and Chapter C, Physiology, 
Biochemistry and Nutrition. The last 
chapter provides an excellent source of 
background material to enrich classroom 
discussion of biochemical topics in the 
general chemistry course. 

The text has numerous charts and 
tables and is well illustrated with line 
drawings and original illustrations. 


LLOYD E. MALM 
University or UTAH 
Sart Lake City, 


THE DEFECT SOLID STATE 


T. J. Gray, D. P. Detwiler, D. E. Rose W. 
G. Lawrence, R. R. West, and T. J. Jen. 
nings, College of Ceramics, Alfred Uni. 
versity. Interscience Publishers, Inc., New 
York, 1957. vii + 51l pp. 16 X 235 


‘cm. $11. 


Tue dustcover presents this book as “y 
challenging coherent presentation of the 
relationship between the defect natures of 
solids and their physical and chemical 
properties’; the reviewer does not share 
this opinion. A coherent and thoug)itful 
account of the rapidly developing field of 
solid imperfections would be very welcome 
at present, but this is not what the authors 
have produced. 

The book can be criticized on several 
grounds, both general and detailed. The 
presentation of much of the fundamental 
information about defects is quite inade- 
quate; there are numerous misleading and 
even wrong statements; about one-quarter 
of the book has virtually nothing to do 
with defects in solids. 

The first eight chapters are concerned 
with topics such as semiconductivity, 
diffusion, sintering, corrosion, magnetic 
properties and catalysis, all of which are 
relevant to the subject of solid imperfec- 
tions. On the other hand, Chapter 9 is 
an account of phase equilibria such as one 
would expect to find in intermediate 
textbooks on physical chemistry, and its 
connection with the defect solid state is 
not apparent. Chapter 10, on ceramic 
materials for high temperatures, also 
seems irrelevant. In addition, one must 
deprecate the journalistic jargon used in 
this chapter. There is no place in a 
scientific book for such statements as: 
“Since Carnot developed his now famous 
principle governing heat engines the race 
has been on...”; ‘This advance up the 
temperature scale...’’ Chapter 11, on 
intermetallic compounds, is so brief that it 
does not fairly reflect the wide range of re- 
search being done on these compounds. 
The last chapter entitled ‘Experimental 
Techniques’’ gives pleasant accounts of dif- 
ferential thermal analysis and of microbal- 
ances. These are not, however, compre- 
hensive discussions; for example, the ex- 
tensive contributions of C. Eyraud to the 
development of both techniques «re not 
mentioned. 

The book cannot be recommended to 
the uninitiated because of serious short- 
comings in the early chapters. It should 
surely be stated on page 1 that there are 
sound thermodynamic reasons for the 
occurrence of imperfections in solids. 
This is inferred in a few places (for ex- 
ample, on pages 8-9 and 78) but is no 
where explicitly stated or given any 
emphasis. Yet more confusing is the 
astonishing statement on page 93: “. . . the 
thermodynamic requirement for 1 
librium system that it shall achieve 
the maximum state order and the minimum 
of free energy.’’ The discussion of the 
phonon (page 2) as “the most fundamental 
imperfection’ lacks clarity. A. reader 
may be easily misled by the description of 
Schottky defects in ionic lattices (pages 
7 to 9). The process indicated in Figure 
4 (page 7) is correct for, say, a metal but 


(Continued on page A494) 
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Wren newspaper headlines appear such as “Engineer 
Demand to Drop, Is View” (Milwaukee Sentinel, August 
19, 1957), and when Chemical and Engineering News 
features “‘No Manpower Shortage?” under its Industry 
section, we run fast for our rumor sifter! The origin of 
these stories is a book published by the National 
Bureau of Economic Research, New York, “The De- 
mand and Supply of Scientific Personnel,” by D. M. 
Blank and G. J. Sigler. It was sent to us for review 
in our columns and was passed on to Harry F. Lewis 
who is recognized by readers of these pages as one of the 
best informed men in the country on this question. 
(See THIS JOURNAL, 33, 255, 1956.) His conclusion: 
“This is a potentially dangerous book. It could be 
one of those boomerangs which could again depopulate 
the engineering schools.”” This needs emphatic state- 
ment. With Dr. Lewis’s consent we make his remarks 
the subject to which we draw the attention of readers 
of this page: 


The text presents a general view of technological professions, a 
discussion of the methods of analysis as applied to demand and 
supply with a good description of the meaning of shortages, a 
survey of the factors influencing demand based on industrial use 
patterns and the role of government, and finally chapters on the 
supply of engineers and on the supply and demand of mathema- 
ticians and physicists. The appendix provides in addition a 
wealth of reference and tabular material. 

Possibly the most startling conclusion is that ‘there has been 
no shortage—in fact an increasing ample supply of engineers.’ 
Not far behind is the statement in connection with the supply of 
college teachers in the physical sciences “that all complaints of 
shortages...must be viewed as highly subjective—as possibly 
quite imaginary.’’ These conclusions have been derived from 
the application of the economic law of supply and demand. In 
brief, this is based upon “the fundamental economic principle 
that increases in the demand relative to the supply will manifest 
themselves in a free market in a rising price relative to other 
markets.” 

That this has not occurred for engineers in comparison with the 
relative increases in salaries of wage and hour employees is well 
established by the data in Table XI. The data for the compari- 
son of engineers with professions is not quite so convincing. 
These other categories include physicians, dentists, lawyers, and 
collcxe teachers. It is quite clear that physicians, and to a lesser 
degive dentists, have benefited considerably more than have en- 
ginevrs from increases in income, but to consider that they 
Operite in a free market is contrary to fact, for the supply has 
cert: inly been limited by the almost static number of opportuni- 
ties for medical and dental education. To argue that lawyers 
an teachers have benefited to a greater degree than have the 
engineer is wishful thinking, at least from the data supplied. 

_ The application of the law of supply and demand in this situa- 
tion would be much more significant if the authors had been able 
to demonstrate that the law of supply and demand actually 
Operates in situations dealing with men of scientific and tech- 


nological bent. The reviewer believes strongly that, in the main 
men go inte physical sciences as a result of natural abilities which 
have been given identification and encouragement in high schools and 
colleges and not in any way because of the salaries the students might 
expect to get. 

The origin of the rumor, then, is the questionable 
hypothesis that the chemist or engineer works at his 
profession for the same reason that the berry picker 
picks berries. Not only is this not so, but from our 
point of view we resent violently the implication that 
it is. The thousands of academic scientists in school, 
college, and university who are training those who will 
provide a better world for economists to study are 
living refutations of the thesis. Yes, they deserve the 
award of improved financial status; they did not invest 
their lives in their careers for the financial reward. 

We do not question the data the book provides. 
But we do feel that there is a large number of factors 
in the situation. Emphasis on this one, interpreted as 
these authors do, may bring about the unhappy result 
of letting complacency replace urgency in looking at 
our scientific manpower needs. Before the authors’ 
analysis is taken out of context and used as a possible 
deterrent by uniformed guidance counselors, other 
information should be provided. For example, from 
the United States Office of Education: 

The percentage of physics majors among men earning the 
bachelor degree in the United States has varied only between 
.94% and 1.12% during the years 1947-55. 

Based on increases in the gross national product, we can ex- 
pect a shortage of 8000 engineers per year for the next ten years. 

In 1950 there were 136,000 science teachers. There are now 
75,000. 
from the American Society for Engineering Education: 

To handle anticipated enrollments, chemical, metallurgical, 
and petroleum engineering faculties must increase 53% to 78% in 
the next ten years. 

In 1956-57, 8% of the budgeted engineering faculty posts were 
unfilled. 

The beeps of Sputnik, circling the globe in ninety 
minutes, are exclamation points to the statement of a 
young Russian scientist quoted by W. L. Laurence in 
the New York Times on October 13, 1957: 

In America you have trouble recruiting young men to study 

science. In the Soviet Union we have trouble turning them 
down. With us science is a matter of pride, and everybody wants 
to be a scientist. 
The authors of the book under discussion probably 
would point to the financial status of the scientist in 
the U.S.S.R. So would we. But we would add, 
“Who wants to live in the U.S.8S.R.?” 


— 
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What is Science All About? 


What do you think is today’s greatest problem in 
science? 


That depends, Sandra, on whether you are asking 
(1) what is the greatest problem faced by science? or 
(2) what is the most important scientific problem to be 
investigated? 

My answer to the first is ‘‘People.”” We need to get 
gifted young people to choose science for a career. 
Everyone must also learn to use scientific knowledge 
for the benefit of mankind as a whole, and not for de- 
structive purposes as is sometimes done now. I firmly 
believe, though, that so long as we have been intelligent 
enough to develop science to its present point, we will 
also be intelligent enough to continue to put it to more 
good use than bad, and eventually to good use only. 

My answer to the second possibility is: ‘“There is no 
single most important scientific problem.’”’ One never 
knows ahead of time when an apparently simple prob- 
lem may give startling results which are not only im- 
portant in themselves but which may also help to solve 
a pressing problem in some other field which seems to be 
totally unrelated. Sometimes the results have im- 
mediate value. Sometimes they become vitally im- 
portant a hundred years later. It is dangerous to 
underestimate the value of any results. 
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Would you have guessed that a study of the back- 
and-forth motion of a plucked violin string, a hundred 
years ago, would lay the basis for much of the mathe- 
matics for atomic energy? Well, it did. Slapping a 
bass fiddle or playing the Pizzicato Polka, and the 
spectacular mushroom from an atomic bomb seem a 
long way apart, don’t they? 

If you insist on pinning me down to one problem or at 
least one class of problems, I suppose I’ll have to choose 
the constitution of matter. Although we know much 
about how atoms and molecules behave, we really 
don’t know what they are. If we did, I suspect 
that many other apparently difficult problems would 
become very simple. 


ditor’s note— 
The ninth grade science students of Belknap Junior High 
School, Lockport, New York, each asked a practici:9 
scientist three questions. These are the questions whi’ 
loom big in the thinking of students trying to decide on ‘'« 
investment of a life in a career. Dr. Michael Sve, 
Consultant in Wilmington, Delaware, replied to the leii'r 
of Sandra Taylor. The Editors feel that all the Sandras 
among our readers and among our readers’ friends wl 
find a lot to think about in Dr. Sveda’s answers whi) 
appear on the following pages. a 
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We don’t even know what ordinary light is. Now 
light has been with us for quite a while. So far as we 
know, the first words God spoke were, ‘‘Let there be 
. 
2 ge there was light.” And we still don’t know 
what it is. 

Sometimes light behaves like tiny, high-speed bullets. 
Sometimes it is like the waves in a swimming pool. 
But it never behaves like tiny bullets and waves in the 
same experiment. Challenging, isn’t it? 

Matter and light are also somehow related. That 
much we know. Matter can actually be changed into 
light, as in an atomic explosion. There seems to be 
some evidence that some forms of light can be changed 
into matter. 

Almost everything we learn about how matter be- 
haves and how light behaves has some bearing on what 
they are. No one can tell at present whether we'll 
just continue to find out more and more about how they 
behave, or whether some day we'll also know what 
matter and light really are. I think you'll agree, 
though, that science has done pretty well by all of us 
through scientists’ just finding out what all kinds of 
matter willdo. This is the main job of much of science. 

One very simple point you must get straight about 
matter in general, and this point is not quite so obvious 
as it sounds. It will also help you to appreciate the 
dificulty of the problem. Scientists never really 
force matter to do anything. We sometimes say we do, 
but that’s just for convenience in talking. Everything 
is fine so long as everyone involved understands the 
rules. 

What we actually do is this: We put matter into 
certain situations, by heating it up, cooling it down, 
pushing on it, pulling on it, putting something else in, 
taking something out, and so on. Matter then “de- 
cides’ what it is going to do about the whole thing, 
and all we really do is study what matter ‘“‘decides” to 
do. Before you think I am giving powers of thought 
to matter, let me hasten to say this: In the same 
situation, matter behaves the same way, time after 
time after time. You and I don’t. 

I must add this, individual atoms don’t seem to 
behave exactly the same way every time. That’s one 
thing that makes the study of the constitution of matter 
so difficult. But, and this is of utmost importance, we 
generally work with a large number of atoms at the 
same time. The over-all behavior of a large number of 
atoms is the same in the same situation. 

It’s a little like you and your classmates leaving the 
stadium after a football game. From a distance, even 
your father or mother couldn’t pick you out in the 
crowd. All they could say is, ‘‘Sandra’s in there 
someplace.” You may not come directly out either. 
You may stop for a moment to wave to a friend, or 
even take a step or two backwards to say “Hi” to 
someone. 

But the over-all behavior of everyone, including you, 
after the game is the same every time. You all leave 
soon, and the stadium is empty. 


What characteristics are most needed by one to 
Succeed in science? 


There are many types of careers in science. Re- 
search, what a scientist does, is only one of these. 
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Teaching (often combined with research), manufac- 
turing, sales, library work, administration, patent law, 
are some of the others. Most of my answer deals with 
characteristics of scientists. 

Many characteristics which help one to succeed in 
almost any worthwhile field will also help a scientist. 
We could, therefore, have many more fine scientists 
than we do. Before we get into specific characteristics, 
let’s look at some broad points first. 

Anyone who is fascinated by and wants to solve the 
unknown, the unexplained, and the difficult might have 
the makings of a scientist. If he wants to solve the 
problem in a systematic way, that’s hopeful. If he first 
wants to find out what other people have tried, that’s 
better. If he looks in out-of-the-way places for hints, 
that’s a good sign. If he lines up what he has learned, 
and then asks, ‘“‘What else can I possibly think of, the 
crazier the better,” there’s real hope. If out of all 
the ideas he has, one looks “‘crazier’”’ than all the rest, 
but he still has a feeling it might give the best answer 
and is not afraid to try it, he has the making of a fine, 
pioneering scientist, even if the idea fails. Sooner or 
later one of the ideas will be successful, and so will he. 

Sometimes the new knowledge is of immediate, 
spectacular value, like the new polio vaccine. Some- 
times it takes a hundred years, as in the example of the 
plucked violin string and atomic energy. But some- 
how, new basic knowledge always seems to become 
useful to man. 

Useful to man—that’s important. Science, at pres- 
ent, has a greater effect on you, me, and even on primi- 
tive peoples than any other man-made activity. Think 
what a simple product of our science, a steel butcher 
knife from your kitchen rack, means to an Eskimo, 
who depends on such large animals as polar bears and 
seals for food and clothing. Science is not, however, 
the most important force in the world that man can use, 
and I don’t think it ever will be. The most important 
force is the regard we have for others. 

Regard for others starts in the family. Your 
parents love you and you love them. Your parents 
feel responsible for you and for what you do to and for 
others. In the same way, scientists should feel respon- 
sible for what their brain-children—scientific dis- 
coveries—do to and for other people. 

That is the most important point concerning your 
question. What kind of characteristics should scien- 
tists have so that they not only succeed in science, but 
also succeed in feeling responsible for what they 
discover? 

To answer your question, I have made a list consist- 
ing of three groups. Group I contains general char- 
acteristics, Group IT becomes more specific, and Group 
III lists some others I hope you also have. 


Group | 


I hope you have these regardless of what career you 
choose. I'll give you some examples as to why they 
are also important to a scientist. 

Faith in God. Scientists should feel especially close 
to God. They are engaged in unraveling the secrets 
of His handiwork. 

Faith in Yourself, in Mankind, and in the Future. 
Without these, why should you want to do anything so 
useful to man as science? 
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Following the Golden Rule. If you follow the Golden 
Rule, you will be an outstanding success as a person, 
which comes first, no matter what other secondary 
career you may choose. 

General Honesty. The rules of conduct in the Ten 
Commandments apply to everyone. Among scien- 
tists, a peculiar situation arises with ‘Thou Shalt 
Not Steal,” which requires a word. To most people 
today, this Commandment brings to mind money, 
a car, or something else you can see. A scientist owns 
these things too, but he owns another kind of property 
which you cannot see—Ideas. These are his brain- 
children. If they are stolen, he suffers a loss something 
like kidnapping. Who cares about money when a 
child is stolen? 

A few very simple rules may be helpful. If you use 
published work, put in at least a footnote. If someone 
tells you about an unpublished idea which appeals to 
you, ask him if you can use it, with proper acknowledg- 
ment, of course. Usually, he’ll be delighted to say yes. 

Discussions between scientists make for fast progress 
in science. Acknowledge the source of anything you 
use, and you’ll always be welcome at such discussions. 

Courage to Go Ahead When You Think You Are Right. 
For every new idea you have, someone will always think 
of a reason why it won’t work. Sometimes that person 
will be you. 

Courage Enough to Admit When You Are Wrong. 
In science, don’t waste time when you are obviously on 
the wrong track. In everyday life, a simple, “I’m 
sorry. I was wrong,” is often the golden, and silence 
is the shabby. 

General Intelligence. You should be able to do good 
work at a college level not only in science, but also in 
nontechnical subjects. Try to get as broad a view- 
point as you can. Then concentrate on science so 
that you can make a good living at it when you are 
graduated. 


Group Il 


These are what I call strictly professional character- 
istics. In general, the more of these you have, the 
better scientist you will be. Many other people also 
have a number of these to a high degree. 

You will note there are two parts, A and B. All 
scientists I could think of had the characteristics under 
part A. Many scientists also had those under part B, 
but some of the greatest either did not have them or 
did not need them in their work. 

The great majority of scientists carry out obser- 
vations in the laboratory and also use a lot of mathe- 
matics, for example. But Einstein had little need for 
a laboratory, himself, because of the type of work he 
did. He was a theoretical physicist. Most mathe- 
maticians fall into this same general class of scientists. 
They do theoretical work, mainly. 

Michael Faraday, who laid the groundwork for much 
of our knowledge of electricity, about a hundred years 
ago, was a great experimenter who used almost no 
mathematics, only, I think, because he knew so little 
about the latter subject. 

Present-day scientists recognize the importance of 
mathematics and, therefore, spend much time studying 
it. Yet I know some fine experimenters who certainly 


could not do original research in mathematics, and the 
other way around, too. 

There are also a few men of rare genius who rank \\ith 
the best mathematicians and with the best ex) eri- 
menters. These are the rarest of all. 


Group Il-A 


Imagination. New Ideas—inventiveness—orig nal- 
ity—are at the very basis of science. Just one really 
outstanding idea can give you a high place in science, 
and it may take the lifetimes of many other scientists to 
work out all the possibilities. 

You can have ideas about what you see or mesure, 
or:you can have ideas about what to look for or do— 
observation and prediction. X-rays were discovered 
“bang”—just like that—without warning. Ladio 
waves were predicted twenty years before they were 
found. 

Curiosity. While curiosity is supposed to kill a cat, 
many scientific discoveries are made just because some 
one is curious. 

Critical Outlook. Don’t believe everything you see, 
read, or hear. Many an idea is born or something new 
is found just because someone says, “I don’t believe 
that.” 

Thoroughness and Accuracy. Two points here are: 
(a) Don’t miss something important through sloppy 
work. (b) Science gains great strength through the 
continual checking and re-checking of published re- 
sults by scientists all over the world. Don’t waste 
their time. 

Willingness to Study and Work Hard. Gifted people 
who are also lazy often accomplish far less than those 
of less natural ability who are willing to work. 

Scientific Hunch. Science is only methodical up toa 
point. Many of the greatest discoveries come from 
following a hunch—a hunch which is apparently con- 
trary to all known logic. A big new field is often opened 
this way. 

Be as logical as you can first, but if you have to 
choose between logic and a hunch, play the hunch. 
Otherwise, you may talk yourself out of doing anything. 

Such a hunch was followed by Copernicus when he 
threw the Earth around the Sun and devised the pres- 
ent picture of the solar system. Prior to his time, the 
Sun “moved” around the Earth, according to the 
Ptolemaic system. Based on the knowledge of his day, 
the logical knowledge of the time, Copernicus was 
actually “unscientific” in what he did. He played a 
hunch. 

Thrill at Finding Something New. You will know 
what I mean only when you find something new your- 
self. 

Power of Concentration. Complete and utter con- 
centration, of course. 

The difference in this is probably what determines 
how much two scientists of otherwise equal talents and 
equal opportunities will accomplish. 


Group II-B 


Keen Powers of Observation. One important new 
discovery can make a place for you in science. Just a 
with having an idea, it may take the lifetimes 0! many 
others to work out the details. Radium, \-rays; 
sulfanilamide and the wonder drugs, vuleaniza'ion of 
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SATION 


rubber, dyes, discovery of the moons of Jupiter, are just 
afew examples. 

After you find something new, ask, ‘Why did this 
happen?” The “how’s” and the “what’s” are important, 
but if you can find the “‘why,” you can generally find 
other “how’s” and ‘‘what’s’”’ much faster. 

In the early days of science, observation had to come 
first. Prediction came afterwards. A hundred years 
ago, | would have put this one in Part A, above. Now 
we do more predicting, so I’m putting it here. 

Ability in Mathematics. Mathematics is often the 
easiest and only way to carry out a complicated chain 
of reasoning. You can also use it to predict what else 
might happen which may be even more important than 
what you have already found. 

Seeing Relations Between Apparently Unrelated 
Things. This both simplifies and helps extend our 
knowledge. Archimedes was asked by his king to tell 
him whether a crown was pure gold, without damaging 
thecrown. This was solved when Archimedes noticed, 
while taking a bath, that water overflowed when he 
got into a full tub of water. 

Good Physical Co-ordination. Experimental scien- 
tists often handle complicated, delicate equipment. To 
do this well, they must have a good pair of hands. 
That is why many scientists find it easy to play a piano 
or violin well. 


Group Ill 


I hope you have these, too. 

Good Health. Everything is more difficult when your 
health is poor. 

Good Memory. This will save you much time and 
energy, and will also help you to find important re- 
lations between apparently widely separated facts. 

Clarity in Expression. A new scientific idea or fact 
is often hard enough for others to grasp even 
when it is expressed as clearly as possible within the 
limits of language. Don’t make it any harder. 

Try to keep the following as a goal. Learn every- 
thing well enough that you could explain it to almost 
any reasonably intelligent, interested, nonscientific 
person so that he could follow you. If you decide to 
teach, remember that if you have an intelligent, 
interested class, and they don’t follow you, the fault is 
mainly yours, not theirs. 

Serendipity, or Just Plain Good Luck. Good luck ‘in 
discovery generally comes to those who are best pre- 
pared. ‘Serendipity’ was coined by an Englishman, 
Horace Walpole, almost 200 years ago. It means 
“fortunate happenstance.” 

Some people say that in science, serendipity comes 
close to being a principle. They point out that al- 
most every great physical discovery comes so completely 
without warning that it seems to be a lucky accident. 
Incidentally, I’ve been meaning to ask Time Maga- 
zie @ question for some years. Under my picture in 
their article on “Sucaryl” sweetening agent, they put 
‘A Lucky Accident.” I’ve never known whether 


Time meant that I or what I had found was the lucky 
accident. 
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What advice would you give a science-minded student? 


Science is primarily intellectual in nature. Much 
has been said about knowledge being an end in itself. 
I agree. But too much has been said about the great 
men who also endured great poverty all their lives. 
I think it leaves a false impression. Far more has been 
accomplished by men who, with their families, ate at 
least moderately well and who were at least moderately 
comfortable. There have also been a few scientists 
who betrayed their countries. But there are many 
tens-of-thousands of scientists who are intensely loyal 
to their country, just like the vast majority of all 
people. 

Now concerning your studies: You will probably 
work hard at your science courses anyhow, but work 
hard at your other courses too. You never know early 
in life what interests you may have later. 

Your teachers and school officials have devised the 
best course of study they know, so that you can become 
what I think is important—a good scientist who also 
has a broad viewpoint. We need science specialists 
badly. We have even a greater need for the scientist 
who also has a broad knowledge. Science has become 
so important to the Federal Government that we have 
set up such commissions as the Atomic Energy 
Commission. Fine scientists with a broad general 
knowledge are needed to sit on these. 

Plan to attend the best possible college or university 
you can get into or afford. Get a doctor’s degree if 
you possibly can, whether you want to teach or go into 
industry. As you probably know, a doctor’s degree 
takes three or four years more after your four years of 
bachelor’s work. You must do something new in 
science to get a doctor’s degree. If you have any 
business being in research later, your doctor’s 
research is not so hard as it may sound. Many people 
have more trouble passing examinations in German and 
French, which you also have to do for a doctor’s 
degree, than they have with the research. 

Neither a bachelor’s nor a doctor’s degree will tell 
anyone exactly how good a scientist you will turn out 
tobe. It will certainly tell people something about the 
minimum amount you have learned up to that time. 

Most universities and companies require a doctor’s 
degree for the better-paying, starting positions in 
nearly all fields of science. Many good positions are 
also open for bachelors, but the doctors should and do 
have a big three-year jump on the better-paying start- 
ing jobs. 

Certainly, you can catch up if you start to work 
after four years of college. I know some people with 
bachelors’ degrees who are better scientists than some 

with doctors’. But I know more good scientists with 
doctorates. Getting a doctor’s degree is at least a 
pretty good weeding-out process and a faster way to 
get your basic training. Most promising scientists, 
though certainly not all of them, take advanced study. 

One last point: Please consider teaching science, 
especially in grade school and high school. Every 
scientist in the world will be grateful to you. And so 
will every other thinking person. 
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FUNNEL 


Ina paper (1) dealing with the production of a film for 
teaching laboratory technique, L. F. Fieser asked for 
information on the inventor of the separatory funnel. 
In an attempt to provide the answer to this question, 
it was found that the task was not quite as easy as it 
may have appeared, and as a matter of fact, this paper 
does not provide a complete answer either. Ap- 
parently, the separatory funnel in its present form is the 
end result of a slow development and cannot be traced 
to a single chemist or inventor, in contrast to other 
laboratory devices, like the pinchcock (2), or the use of 
the centrifuge as a laboratory tool (3). As will be 
shown, the separatory funnel as we know it, seems to 
have been in general use for not much more than a 
hundred years, which is another indication for the fact 
that equipment is not the most important part of 
progress in chemistry. 


The term “separatory funnel” (Scheidetrichter) 


appears already in Friedrich Woéhler’s German trans- 


lation from the Swedish of the second part of Volume 
IV of Berzelius’ textbook of chemistry. This part of 
the translation of the entire textbook is a chemical 
dictionary and was published separately in 1831 under 
the title ““Chemische Operationen und Gerithschaften, 
nebst Erklirung chemischer Kunstworter, in alpha- 
betischer Ordnung.” In this book which mainly deals 
with chemical operations and apparatus, the separa- 
tory funnel (Fig. 1) is deseribed as “an oval glass 
vessel with a bottle-like neck, provided with a glass 
stopper, which ends in a narrow tube. This instru- 
ment serves for the separation of oil and water, ether 
and water, etc., in such a way that the mixture is 
poured into it, while the lower opening is kept closed; 
as soon as the liquids have separated, the heavier one 
is allowed to run out and as soon as the lighter one 
reaches the outlet, the upper opening is closed with a 
finger, and the tip of the funnel stem is placed in the 
vessel which is to receive the lighter liquid which starts 


= 
=> 


Figure 1 Figure 2 


NOTES ON THE HISTORY OF THE SEPARATORY 


- 163-5, for biography of Pelouze. 


HANS SCHINDLER 
L. Sonneborn Sons, Inc., Petrolia, Pennsylvania 


to flow into the vesse] as 
soon as the finger is re- 
moved. If the stem o/ the 
separatory funnel is shaped 
as in Figure 2 it is unneces- 
sary to use the finger as clo- 
sure.”’ 

While the shape of these 
early separatory funnels 
closely resembles that of 
our modern equipment, the 
first further development of 
the separatory funnel ap- 
parently followed two dif- 
ferent lines, namely that of 
glass cylinders with a con- 
striction at either or both 
ends and of a regular funnel 
whose stem is fused to a 
stopcock. 

The tubular separating 
device (Fig. 3) was used in 
1834 by Pelouze! in his 
work on the preparation of 
tannic acid by extraction of galls with aqueous ether. 
A further development of this principle originated with 
Michael Faraday who in his book “Chemical Manipu- 
lation,” third revised edition, 1842, describes the ap- 
paratus shown in Figure 4. The capillary a was melted 
shut before the tube was filled with the mixture to be 
separated and the point was broken when the liquids 
had stratified. The layers were decanted by inclining 
the apparatus. Faraday states that ‘the fluids will 
issue drop by drop. . . and the surface of contact of the 
two in the fine tube is so small that scarcely an appreci- 
able portion of the valuable need be wasted.’”’ That 
Faraday’s device apparently was not: widely known and 
no further development in the design of separatory 
funnels took place, is indicated by the fact that in 1852, 
P. A. Bolley? described (4) a “separatory funne!-like” 


THEoPHILE JULES born Feb. 13, 1807, in Valognes, 
Department La Manche (France), died May 31, 1867, i: Paris, 
was trained as a pharmacist, and was assistant to Gay-Lussac In 
1827. He became professor of chemistry in Lille in 1830 and 
later was professor at the Ecole polytechnique and Collége de 
France in Paris, Pelouze determined the atomic weizht of 
arsenic, phosphorus, nitrogen, silicon, ete., and discovere'! thio- 
cyanic acid, salicin, tannin, and cellulose, and also did work on 
fermentation. See M. R. Wess, Chemistry & Industry, 1945, 


Pompgyus ALEXANDER was born May 7, 
Heidelberg and died August 3, 1870, in Ziirich. He  ecame 
professor of chemistry in the school of the Canton of A.rau In 
1838 and professor of technical chemistry at the Polytechnic 
Institute in Ziirich in 1855. His studies were concerned w ith dye 
chemistry and other problems of chemical technology. See E. 
Kopp, Ber., 3, 813-16 (1870). 


JOURNAL OF CHEMICAL EDUCATION 


| 
th 
hai 
dis; 
sep 
Bru 
ove 
for 
cite 
fect 
185: 
ethe 
aqui 
prac 
desc 
ethe 
rem 
re: 
shoo 
Tem 
In 
solut 
root 
evap 
wate 
St 
detec 
with 
S= SEA ter | 
‘ SEZ i 
1 8, 170 
— 
= 
= Acade: 
detern 
(1938) 
te 


ssel as 
is re- 
of the 
shaped 
ineces- 
as clo- 


these 
‘unnels 
nat of 
nt, the 
nent of 
ap- 
vo dif- 
that of 
a con- 
r both 
funnel 
1 toa 


arating 
used in 
in his 
tion of 
ether. 
d with 
[anipu- 
he ap- 
melted 
to be 
liquids 
clining 
ds will 
, of the 
ppreci- 
That 
wn and 
iratory 
n 1852, 
»|-like” 
alognes, 
in Paris, 
jussac 1D 
830 and 
rllége de 
eight of 
‘ed. thio- 
work on 


Ys 1945, 


1812, in 
hecame 
in 
ytechnic 
with dye 
See E. 


CATION 


device (Fig. 5) for the analysis of soap. The soap was 
dissolved and decémposed in acetic acid and ether, and 
the aqueous layer was removed in the separating device 


Figure 4 Figure 5 


which also served for washing the ether layer with 
water. There is no reason to assume that Bolley would 
have designed a special piece of equipment for this 
analysis if he had had a regular separatory funnel at his 
disposal. A further indication of the inadequacy of the 
separating devices existing then is the fact that R. 
Brunnquell proposed a metal separating box (5) to 
overcome the disadvantage of the available equipment 
for separating liquids. The principal disadvantage 
cited by Brunnquell was the impossibility of sharp 
separation of liquids in the usual vessels with several 
corked openings. There is a good likelihood that the 
making of stopcocks was the major obstacle to per- 
fecting a separatory device. 


USE IN ETHER EXTRACTIONS 


A number of papers published between 1844 and 
1854 which have definite reference to extractions with 
ether and the separation of the ether solution from 
aqueous solutions, show clearly the lack of a good, 
practical separating device for this purpose. In the 
description of experimental work in all these papers, the 
ether layer is always pipeted off or the aqueous layer 
removed by means of a siphon. For instance, Roch- 
leder® in 1844 (6) in an investigation of the coffee bean 
shook the ether extract of coffee beans with water and 
removed the water by means of a siphon or a pipet. 
In 1849, Bédeker (7) extracted with ether the aqueous 
solution of the residue which remained after Columbo 
root had been extracted with alcohol and the alcohol 
evaporated; the ether solution was separated from the 
water layer by means of a siphon. 

Stas‘ as late as 1853 in his important method for the 
detection of alkaloids (8) did not make use of a separa- 
tory funnel. He extracted the specimens or food, etc., 
with alcohol, evaporated the alcohol and dissolved the 
tesidue in a very small. amount of water, placed the 


*Frmprica RocHLeper was born on May 15, 1819, in Vienna 
where he died on November 5, 1874. He studied medicine but 
later became interested in chemical technology which he taught 
in Lwow, Poland, before he became professor of chemistry in 
, in 1854; later he was professor in Vienna. He did 
mportant work in phytochemistry. See H. Huiastwerz, Ber., 
8, 1702-11 (1875). 

‘Jax Servais Sras was born September 21, 1813, in Leuwen, 
Belgium. He was professor of chemistry at the Belgian Military 
Academy in Brussels and is best known for his atomic weight 
See J. JouRNAL, 15, 353-7 
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solution in test tubes and added sodium or potassium 
carbonate until the development of CO, ceased. To 
the aqueous solution was added four or five times its 
volume of ether, the tubes were shaken, allowed to 
stand, and after the ether layer had become clear a 
small amount of the ether layer was decanted into a glass 
dish and evaporated. It is interesting to note that 
Otto,’ in comments (9) on this paper in 1856, does not 
mention the use of a separatory funnel for convenient 
separation of ether and water, and only the description 
of the method in later textbooks recommends the use 
of a separatory funnel or a buret with a glass stopper. 
While the separatory funnel was not a common labora- 
tory tool at this time, the dropping funnel, which after 
all is not much different from a separatory funnel, was 
evidently used in 1853 as indicated by Figure 6 which 
is an illustration in an article by C. Brunner (1/0), 
concerned with the analysis of metal alloys. The 
possibility of using a regular funnel as separatory 
funnel is mentioned by Faraday in 1831 in the book 
“Chemical Manipulation” from which we have already 
quoted. On page 252 he states ‘“The two fluids may 
be poured into a wet funnel (if at least one of the two 
be water or an aqueous solution), closed by a good 
cork beneath and left to remain on the filtering stand 
until separated; by partly withdrawing the cork, the 


lowermost may be almost entirely removed from the 
upper. Glass vessels, furnished with a stopcock be- 
neath, are made for this purpose.” 

Definite mention of the use of a separatory funnel in 
organic laboratory work was found in an article (11) 
by A. Strecker,® published in 1854, on tannins and 
tannic acid from galls. Streeker added water to the 
ether solution of the tanning agents extracted from 
galls, until layers formed, and separated the sirupy 
lower layer by means of a separatory funnel. 


’ Frreprich Jutivs Orro was born in January, 1809, in 
Grossenhain, Germany, and died January 12, 1870, in Braun- 
schweig, Germany. He was trained as a pharmacist and became 
professor of technical chemistry and pharmacy at the Collegium 
Carolinum in Braunschweig in 1835. His best known work is the 
book on the detection of poisons which was first published in 
1856, and whose later editions were published with the assistance 
of his son, Robert. 

Frreprice Lupwic STrREcKER was born October 21, 
1822, in Darmstadt, Germany, and died November 7, 1871, 
in Wirzburg. He was professor of chemistry in Christiania 
(Oslo) 1851-60, and in Tibingen 1860 to 1865, from where he 
went to Wiirzburg. His work was concerned mostly with amino 
acids. See E. Franxuanp, J. Chem. Soc. (London), 25, 353 
(1872). 
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Figure 7 

The separatory funnels which were used between 
1854 and 1860, apparently had the shape shown in 
Figures 7 and 8. These two separatory funnels are 
described in Sheridan Muspratt’s “Chemistry, Theo- 


Figure 8 


retical, Practical, and Analytical, as Applied and 
Relating to the Arts and Manufacture” which was 
published in 1860. The separatory funnel shown in 


Figure 7 is clearly a further development of the older 


Prorxssor Sergei Nikolayevich Reformatskii was 
born in the family of a country minister in 1860. At 
that time it was customary that sons of priests should 
also choose the priesthood, and he was sent to a pre- 
paratory school for the theological seminary. Instead 
of theological education, however, he preferred a 
scientific one and entered the University of Kazan. 
He chose this university because Kazan was a small 
city in which the living conditions were cheaper than 
in a large university city, but if he had intended to 
choose a university best suited to prepare a good chemist 
he could not have made a better choice. 

The chemical laboratory of the university, founded 
by Klaus, was a real nursery for professors and re- 
searchers in chemistry for all Russia. Other directors 


1 Presented before the Division of History of Chemistry at the 
130th Meeting of the American Chemical Society, Atlantic City, 
September, 1956. 


S. N. REFORMATSKII AND HIS REACTION’ 


device shown in Figure 3 and was used for the extr.c- yea 
tion of benzoin with alcohol. The separatory funnel 4 
shown in Figure 8 was used for separating essen ia] abr 
oils heavier than water from the condensate obtained of 
in steam distillation. However, even at the time wiien lab 
Muspratt’s book appeared, the separatory funnel (ves met 
not seem to have been a very common piece of eq:iip- Vol 
ment because its use for essential oils is recommended of I 
only for the special case when the oil is heavier {han tha 
water, and the Florentine flask is stated to be the regular hal 
apparatus for separating the oil from the steam con:len- he ¢ 
sate. 
The separatory funnel as known today was iost Wro 
likely not used until about 1854. It did not spring into 
existence completely developed, like Minerva from the PRC 
head of Jupiter. Rather it represents an evolution of I 
older devices, brought about by improvements in the ; 
art of making and shaping glass. = 
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Lafayette College, Easton, Pennsylvania tiene 
they 
gradu 
were A. M. Butlerov and A. M. Zaitsev. The role of were 
this laboratory for Russia can be compared to the role young 
of the Liebig laboratory in Giessen for Germany. them 
In this laboratory, as a young student, Reformatskil theme 
found not only the competent guidance of a distin- profes 
guished chemist, Zaitsev,? but also a real spirit of Ref 
-seientific research which he himself later realized in his chemi 
own laboratory in Kiev. The deep interest in chem- patier 
istry was combined in him with experimental ability, stance 
and he became one of the best and beloved pupils of Howe 
Zaitsev. able. 
In the year 1882, Reformatskif was graduate: from The s 
the university and his thesis on the hydrocarbons J skelet 
CioHig was awarded the gold medal. After graduation but by 
he worked at his Alma Mater in succession as custodial great ¢ 
2? ALEXANDER MIKHAILOVICH ZAITSEV ( 1841-1910) published an 
many important works in the field of organic chemistry. Mostly 
known is his rule for the direction of dehydration and dehydro popula 
halogenation when two routes are open. 200,00 
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of a chemical museum, assistant professor, and in the 
year 1886 he was elected private-dozent. 

Three years later he received a stipend for work 
abroad. Two semesters were spent in the laboratory 
of the famous organic chemist, V. Meyer. In this 
laboratory he observed the important fact that tri- 
methylacetic acid cannot be brominated by the Hell- 
Volhardt-Zeliniskii method (bromination in presence 
of red phosphorus), and in this way provided evidence 
that only an a hydrogen atom can be substituted by 
halogens under these conditions. The third semester 
he devoted to the just-created physical chemistry in the 
laboratory of Wilhelm Ostwald. In Germany he 
wrote his book on his synthesis of hydroxy acids. 


PROFESSOR OF ORGANIC CHEMISTRY AT KIEV 


In the next year he became professor of organic 
chemistry at the University of Kiev, where he taught 
until his death in 1934. 

The greatest concern of his life—and his beloved 
child—was his laboratory. The present author remem- 
bers always with pleasure the two years he spent in 
this laboratory. There was a really scientific atmos- 
phere. All the people working there worked in the 
same branch of organic chemistry; all were inspired by 
a lively interest in the science, and there was friendly 
collaboration. For students who performed research 
work, the laboratory was open day and night including 
Sundays and holidays. The chief of gendarmes 
(political police), General Novitskii, was so suspicious 
of this that he wrote to the superintendent of schools 
to ask what was going on in this laboratory during the 
nights. When the pupils of Reformatskil presented 
him on his silver jubilee with a collective volume of the 
works of his laboratory (about 1000 pages), he said 
proudly, ‘“That is our answer to General Novitskif.” 

He was a very good lecturer—concise, but under- 
standable. He demonstrated many experiments in his 
classes. I have never seen so many. Often he gave 
popular lectures. The author of this paper was present 
at such lectures when he was only sixteen years old, and 
probably these lectures decided his choice of career. 

He was an exacting teacher but always helpful and 
friendly. He was helpful to his pupils, not only when 
they were students of the university, but also after 
graduation. He aided in finding a job and in case they 
were in any trouble. He always gave way to the 
young researchers, his students. Every time one of 
them had an interesting idea, he was allowed to give the 
themes for theses to a graduate student in spite of the 
professor’s own interests. 

Reformatskii published a concise textbook of organic 
chemistry. One of my university mates had the 
patience to discover that on 700 pages over 700 sub- 
stances and 1500 preparation methods were described. 
However, it was very clearly written and understand- 
able. This book was organized in an original manner. 
The substances were classified, not by their carbon 
skeletons as was usually done in big university courses, 
but by their functional groups. This method allowed 
great economy of time and permitted an easy emphasis 
on the difference and likeness of substances with the 
same function but different radicals. The book was 
popular and was published in seventeen editions and 
200,000 copies. 
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Professor Reformatskii organized the Physical Chem- 
ical Society in Kiev and was its chairman for many 
years. He was very sociable and readily participated 
in parties organized by his chemical colleagues and by 
his pupils. He had a pleasant baritone and willingly 
sang folk and student songs with the participants of the 
party. The singing was always started with the tradi- 
tional ‘“Gaudeamus.”’ 


REFORMATSKII REACTION 


Butlerov developed in his articles (/), now forgotten 
but important at that time, the ideas of the structure 
of organic substances. The word structure was coined 
by Butlerov (1a). (Kekulé used constitution.) With 
the purpose of confirming his ideas he synthesized 
trimethylearbinol (2), the existence of which was 
predicted by him (1) and Kolbe (3). He used dimethyl 
zine for this synthesis. Butlerov’s pupil and Refor- 
matskil’s teacher, Zaitsev (4) proposed to replace the 
unhandy dialkylzincs in the synthesis of alcohols by a 
mixture of alkyl halides and zinc. This idea was very 
effective in creating a long series of syntheses. Re- 
formatskii (5) introduced a new idea. He used instead 
of alkyl halides the halogen esters. The reaction in- 
volves three steps: 


(1) Formation of organo zinc halide 


R’ R’ 
OR” + Zn— 
R” R” 


(I) 
(X represents a halogen, R’”’ is an alkyl, and R’ and R” alkyl‘or 
hydrogen.) 


(2) Addition to the carbonyl group 
R’ OZnX R’ 
+ XZn O.R’”’ R’. —CO.R’” 
(I) (II) 
(3) Decomposition by water 
(II) 
H,O — R’—C-——-C—CO.R’” + ZnXOH 


R” R” 
(IIT) 


The final product using aldehydes and ketones is a 8 
hydroxy ester. Starting with esters as carbonyl 
components 8 keto esters can be prepared but the yields 
in this case are poor. The hydroxy esters can easily 
be dehydrated to corresponding unsaturated esters 
(sometimes dehydration takes place simultaneously). 

When Grignard introduced organic magnesium 
compounds, all other syntheses with zinc lost their 
importance, but the Reformatskif synthesis kept its 
significance because the halogenated esters do not 
react normally with magnesium as was shown later by 
a pupil of Reformatskil (6). 

The Reformatskii synthesis was used to obtain many 


853). 


naturally occurring substances or substances related to 
the natural products by simple reactions. In this 
way the structure of the substances could be deter- 
mined. For example, there were synthesized sorbic acid, 
geranium acid, and terebic acid related to many 
terpenes. 

The Reformatskii reaction played a very important 
role in the determination of structure and synthesis of 
vitamin A. Karrer (7) used it twice in the synthesis of 
perhydrovitamin A, and Van Dorp and Arens (8) 
used the Reformatskii synthesis to prepare an acid 
corresponding to vitamin A from which the latter 
could be prepared by hydrogenation. The significance 
of Reformatskii’s reaction is not limited to the syn- 
thesis of hydroxy esters and unsaturated esters and 
corresponding acids. This reaction is one of the general 
methods for lengthening a carbon chain. Using dif- 
ferent carbonyl and halogen ester components it is 
possible to form straight chain or branched hydroxy 
and unsaturated compounds. The branching can 


take place on the a or 8 carbon atoms or both. Double 
branching on an a@ carbon atom is also possible. [he 


Irrespective of the fact that the primary purpose of 
research and development conducted by the Chemical 
Corps is the successful production of implements of 
war, it produces a succession of incidental byproducts 
which become significant contributions to the arts 
and sciences as well as to the general welfare and 
better living. There are few branches of the Army 
whose military activities are more readily reflected in 
peacetime benefits than those of the Chemical Corps. 
In the period following World War I the Chemical 
Warfare Service evolved a safe method for the fumiga- 
tion of ships, exploited the technique of spraying crops 
by airplane, discovered a toxic agent for protecting 
sea piling from the Marine Borer, and developed special 
masks to guard against dangerous industrial fumes. 
Mechanical smoke generators originally developed 
by the Service and used effectively for screening com- 
bat areas have also been used very successfully for dis- 
seminating agricultural chemicals. These ‘‘smoke gin- 
nies” have frequently demonstrated their usefulness 
in putting out fogs of insecticides, fungicides, and plant 
growth regulators. Growth regulators are particu- 
larly useful in the prevention of premature apple drop 
in orchards. The efficacy of sprayed material is a 
function of droplet size: The fine size obtainable with 
smoke generators, therefore, make them excellent equip- 
ment for orchardists. 
Even the chemical agents developed in the effort 


CONTRIBUTIONS TO BETTER LIVING FROM 
CHEMICAL CORPS RESEARCH 


same goal can be attained by the Perkin reaction and § By 
Claisen and Knoevenagel condensations, but in 3% hyd 
branched compounds the yields obtained by these IH duc 
reactions are poor and the a and 8 branched products tem 

can be prepared only by Reformatskii’s reaction, 

Reformatskii’s reaction has been used several times i, §§ FUN 
the synthesis of steroids. D 
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to keep us fully prepared for gas warfare have had con- J indus 
siderable peacetime importance. These include chlo Du 
ropicrin, hydrogen cyanide, nitrogen mustards, and & diffe 
others. is on 
The war gas, chloropicrin, is widely used in green- J cannc 
house and field work for the control of nematodes, physi 
soil-borne fungi, and bacteria, and more recently, 9 of soi 
weeds. It has also been used as a fumigant in mills, encou 
warehouses, and ships where insects and rodents are #% deton 
a nuisance, and as a fumigant for insects infesting gran- Cal 

aries, cereal bins, and other grain storage facilities. air. 
RODENTICIDE DEVELOPMENT 
The discovery of 1080 (sodium fluoroacetate) is one # two f, 
of the outstanding examples of the effectiveness of co 9 Since 
operation in research activities. Spurred by a wartime 7 the a 
shortage of the then-standard rodenticides, the Wild- 7 react 
life Research Laboratory of the Fish and Wildlife i all pc 
Service began a systematic search for effective subst 9% The ( 
tutes. rigid r 
The importance of this work was dramatically e™- 9 subm; 
phasized when our Armed Forces operating in the 9 of the 
Pacific islands encountered rat-borne diseases. The J their | 
Office of Scientific Research and Development pro Am 
vided additional funds, and a close cooperation Was J ice pla 
set up among various research groups, including the J inmis 
Medical Division of the Chemical Warfare Service. War g: 
From this coordinated activity, sodium fluoroacetate tection 
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was developed and its pharmacology studied. Today 
it is one of the most potent rodenticides available. 
By interfering with acetate utilization in the carbo- 
hydrate metabolism of susceptible species, 1080 pro- 
duces severe disturbances in the central nervous sys- 
tem and in the heart. 


FUNGICIDES AND MILDEW-PROOFING AGENTS 


During World War II in the tropicai areas of the 
Pacific it soon became evident that improved methods 
of treating and packing material were necessary. 
Due to the excessive humidity and extremely high 
temperatures of these regions, corrosion and rot caused 
by fungus or bacterial action rendered large quantities 
of equipment defective even before it could be used. 
The demands by all services for fungicides quickly 
created shortages. To overcome these shortages, re- 
search was initiated to discover new fungicides and to 
develop more efficient methods of application. 

More than 2000 organic compounds were evaluated 
as fungicides, an appreciable number of which have been 
found to offer promise as substitutes for copper naph- 
thenate and dichlorodihydroxydiphenylmethane, the 
two fungicides which were then standard for military 
use. 


PROTECTION AGAINST INDUSTRIAL GASES AND 
VAPORS 


Another contribution of the Chemical Corps has been 
the development of various masks as protection against 
the deadly gases employed in many industries and thede- 
tailed study of methods to prevent other forms of poison. 
Since all of these poisons have at one time or another 
been considered as possible chemical warfare agents, 
the Chemical Corps necessarily made close studies of 
them and of methods for protecting against them 
The knowledge thus gained was freely offered to 
industry. 

Due to its prevalence, insidicus properties, and the 
difficulty of protecting against it, carbon monoxide 
is one of the most dangerous industrial poisons. It 
cannot be used in warfare directly as a gas due to its 
physical properties, but it enters into the manufacture 
of some gases like phosgene (COCI,), and it was often 
encountered in wartime whenever explosives were 
detonated in enclosed spaces. 

Carbon monoxide is difficult to remove from the 
air. Due to its high volatility it is difficult to absorb. 
It is chemically inert—does not readily react with 
other chemicals and has very low solubility in solvents— 
two factors which increase the difficulty of protection. 
Since the inhaled air in a mask is only in contact with 
the absorbent for a short time, the absorbent must 
react very quickly with the carbon monoxide under 
all possible conditions of temperature and pressure. 
The Chemical Corps devised a mask to meet these 
ngid requirements, and it was adopted by the Navy for 
submarine crews and by many industrial firms. Most 
of the commercial carbon monoxide masks can trace 
their lineage back to this model. 
onia fumes are encountered most frequently in 
ice plants, in handling cylinders, also in fire fighting and 
in miscellaneous chemical plant work. Inasmuch as the 
war gas mask canister did not afford satisfactory pro- 
tection against ammonia, it was necessary to develop 
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a special canister to meet this requirement, and the 
Chemical Corps set out to do so. A new absorbent 
for ammonia (silica gel) was found which completely 
eliminated these disadvantages and has twice the ad- 
sorptive capacity for ammonia as the old absorbent. 

A poisonous gas (hydrocyanic acid) and a tear gas 
(cyanogen chloride) were the two gases for which a 
third type of mask was to be used. It therefore had 
to have a high capacity for adsorbing them; and as a 
result of a thorough study of absorbents for these two 
gases, two chemical compounds were found particularly 
effective. The absorbents (whetlerite and soda lime) 
were placed in a modified war canister. By an ingeni- 
ous proportioning arrangement, when the canister 
was exhausted, tear gas rather than poison gas pene- 
trated and gave warning to the wearer. The amount of 
tear gas which penetrated was extremely small for 
some time so that a workman could finish his work in 
an emergency without danger from the hydrocyanic 
acid in the air. After exhaustion of the canister, it 
could easily be replaced. 


AEROSOLS 


The aerosol industry owes its initial design and de- 
velopment to research carried out during World War 
II in the production of aerosol insecticides for the 
Armed Forces. The insecticide aerosol made it pos- 
sible for our Armed Forces to campaign and live in 
insect infested areas. 

Spray dispensers which were first used to spread 
insect killer in jungle fighting have developed into a 
major U. S. business. About 185 million units were 
filled in 1955 by 105 firms for a 190 million dollar busi- 
ness. More than 300 products, from shave lather to 
paint remover, are now packaged in spray cans under 
500 brands. While the insecticide aerosol still heads 
the list, room deodorants, hair lacquers, shave creams, 
and other production items are growing by leaps and 
bounds. 


PEACETIME APPLICATIONS OF NERVE GAS 
DEFENSE 


While scientists are busy at Army Chemical Center 
developing weapons to keep the United States ahead 
of the rest of the world in chemical warfare, they 
are just as busy developing defensive measures, 
some of which have important peacetime applications. 

The Center’s Medical Laboratories have shown that 
investigations into nerve gas defense may contribute to 
the treatment of agricultural and chemical industry 
workers exposed to accidental lethal doses of some of the 
newer types of insecticides, and on several occasions 
members of the Medical Laboratories have been called 
into consultation on groups of patients exposed to com- 
mercial insecticides. 

Scientists found that both the insecticides and the gas 
can cause chemical reactions in the body which paralyze 
nerve centers, among them the centers which control 
breathing. 

The Chemical Corps studies revealed, however, that 
even lethal dosages are not necessarily fatal when arti- 
ficial respiration and an antidote such as atropine are 
promptly given as soon as the symptoms of nausea 
are n 


Work in the laboratories of the Chemical Corps and 
in universities has led to the use of DFP, a compound 
similar to nerve gas, in relieving the pressure that 
occurs in the eye balls of people with glaucoma, a 
serious disease often leading to blindness. This and 
similar compounds known to the Chemical Corps 
are additional weapons useful to the eye specialists 
in combating this disease. 

DFP has proved itself to be effective also in over- 
coming partial paralysis of the urinary bladder and 
the intestines that may occur in patients after opera- 
tions and following debilitating diseases that confine 
people to bed. 

A chronic, fatal disease, myasthenia gravis, that is 
characterized by weakness of the muscles, has fre- 
quently been benefited by the use of TEPP (tetra- 
ethylpyrophosphate) and OMPA (octamethylpyro- 
phosphoramid) and related materials by strengthen- 
ing some victims of this disease over longer periods 
than was possible with the previously used, short-time 
acting drugs. They can be used in combination with 
older drugs, often to the advantage of the patient. 

The advantages gained by medicine, through direct 
application in disease, from research carried out under 
the auspices of the Chemical Corps, are based on 
fundamental studies having wide horizons. Work 
with these materials has facilitated research designed to 
understand the way in which the nervous system op- 
erates in health and disease. Controlled experimental 
inhibition of the cholinesterase enzymes with these 
compounds has provided scientists with an important 
tool with which to study the nervous system. In con- 
nection with the study of the basic functions of nerve 
tissues, DFP was found to be one of the compounds 
which could inhibit these enzymes. It had for some 
time been postulated that they played an essential 
role in the transmission of nerve impulses, but proof 
was lacking due to the absence of a drug which could 
inactivate such enzymes. Demonstration of this 
property of DFP by Chemical Corps scientists and 
their subsequent nerve studies have excited world- 
wide interest. 

The interest of the Chemical Corps in controlling 
convulsions that may result from nerve gas poisoning 
has resulted in screening a large number of drugs, old 
and new, which may also prove effective in alleviating 
epileptic convulsions. Brain seizures, including the 
grand mal effect, have been artificially induced in vari- 
ous animals. Control and prevention of these seizures 
with various drugs have been studied. 

Mode of action studies with the nitrogen mustards 
proved that these compounds possess a marked leuco- 
penic action when injected intravenously. These 
observations stimulated the use of nitrogen mustards 
in the treatmert of the leukemias, Hodgkin’s Disease, 
and lymphosarcoma. All are fatal forms of cancer. 
The nitrogen mustards were also tested clinically in 
various types of cancer of the lungs. The nitrogen 
mustards probably do not cure any form of cancer, 
but they do prolong life in many instances, and bring 
about remarkable remissions in others. 


TREATMENT OF HEAVY METAL POISONING 


Early in World War II intensive investigations were 
undertaken both in the United States and the United 


Kingdom to find antidotes to the toxic action of Low- 
isite, a potent vesicant compound containing arseni.. 

Widespread clinical studies based on the experime :ita] 
work at Army Chemical Center have shown that I: AL 
(2,3-dimercaptopropanol) is effective in the treatnient 
of human poisonings by antimony, arsenic, bismuth, 
cadmium, chromium, cobalt, gold, mercury, and ni kel, 
It is ineffective in poisonings with lead, selenium, silver, 
tellurium, thallium, and uranium. BAL is also 
effective as a prophylactic in poisonings by mctals 
of the first group, except cadmium. 

The end result is that research started in connection 
with Chemical Corps problems has supplied a treatment 
agent of great value in preventing death from metals 
like arsenic and mercury, which have been employed 
fairly widely for homicidal and suicidal purposes, and 
from other metals like antimony, cadmium, and 
chromium which may be causative of industrial poison- 
ing. 


CONTROL OF ANIMAL DISEASES 


Rinderpest is a serious cattle disease with a fairly 
high mortality. It has played a disastrous role in the 
economy of many countries, particularly in the Orient 
and in Africa. A joint American-Canadian mission 
was established for the purpose of studying rinderpest 
of cattle. Shortly after the end of the war this infor- 
mation was declassified and made available to all 
countries. Also, much rinderpest vaccine (1!/. mil- 
lion doses) was supplied through UNRA to the Orient 
(China) for treatment of the animal population. 

Anthrax is a disease of domestic animals of major 
economic importance. It occasionally affects man, 
especially those exposed to certain occupational hazards 
such as in the wool and tanning industry. Heretofore 
the only vaccine of reasonable value for use in animals 
has been a live spore vaccine developed by Louis Pas- 
teur. There has been considerable justifiable resist- 
ance to the use of this material since it consists of live 
but presumably attenuated spores which use is not 


_ without some danger. It cannot be used in man. 


During and after the war, scientists at Fort Detrick 
and colleagues in England developed an entirely 
new vaccine. It is a soluble antigen containing no live 
material and can be produced by cultivation in a pro- 
tein-free medium. For this vaccine, Dr. George G. 
Wright of the Army Biological Laboratories at Fort 
Detrick received the Army’s highest award to civilians, 
“The Exceptional Civilian Service Award.”’ 


SUMMARY 


The examples which have been cited are but a few 
of the many contributions to the general welfare and 
better living resulting from the Chemical Corps re 
search and development program. 

Significant contributions to scientific knowledge 
cover a large and varied area including the ficlds of 
bacteriology, embryology, epidemiology, pathology, 
botany, chemistry, biochemistry, physiology, immu- 
nology, entomology, animal and poultry husbandry, 
and other sciences. 

Additional studies have been made in decontamina 
tion, protection, prophylaxis, and treatment. Perhaps 
one can best emphasize these contributions by pointing 
out that more than 600 scientific publication have 


JOURNAL OF CHEMICAL EDUCATION 


| 
The 
and 
toa 
T 
cite 
he 
4 
RS 
| 
I 
TI 
chlo 
stan 
catic 
that 
PCI; 
defin 
cient 
chlor 
wher 
ty: 
Benr 
a ye 
gethe 
prod: 
Mein 
dicat 
Mc 
cessfi 
AsCl, 
ride 
found 
poun 
sought 
many 
Chemi 
Califor 
publies 
the so 
must o 


of Lew- 
senic, 
‘ime :ital 
at KAL 
patnient 
ism uth, 
1 nickel, 
1, Silver, 
is also 
mctals 


nection 
eatment 
1 metals 
nployed 
ses, and 
m, and 
 poison- 


a fairly 
le in the 
2 Orient 
mission 
iderpest 
is infor- 
to all 
mil- 
> Orient 


f major 
‘S$ man, 
hazards 
retofore 
animals 
uis Pas- 
> resist- 
s of live 
. is not 
an. 

Detrick 
entirely 
no live 
n & pro- 
orge G. 
at Fort 
ivilians, 


it a few 
are and 
yrps 


owledge 
fields of 
thology, 

immu- 
I sandry, 


tamina- 
Perhaps 
ting 
is have 


CATION 


been made by the Chemical Corps in the year 1955. 
These are publications in the various scientific journals 
and provide information of a general scientific nature 
to all who care to use it. 

The benefits of research and development conducted 
by the Chemical Corps—only a few of which have been 
cited—have produced a succession of incidental by- 


products which have become outstanding contributions 
to arts and sciences as well as to the general welfare 
and better living. While an accurate dollar value 
of such contributions is impossible, a reasonable esti- 
mate by conservative personnel within the Corps 
places the estimate well above the total cost of the 


program. 


TEXTBOOK ERRORS: GUEST COLUMN 


Tr 1s not uncommon for textbooks? to list arsenic(V) 
chloride among the known compounds of arsenic, but 
the literature on AsCl,; makes it quite clear that the sub- 
stance has never been prepared. Although salts of the 
cation AsC],*+ have recently been characterized, the fact 
that AsCl, itself has not been obtained, despite many 
attempts, is quite unexpected in view of the stability of 
PCI; and SbCl;. The only known arsenic(V) halide is 
AsF;. 

Early published work (/-5) described several at- 
tempts to prepare the pentachloride by the action of 
chlorine on arsenic(III) chloride. In no case was any 
definite evidence of reaction obtained, although at suffi- 
ciently low temperatures (—20° to —60°C.) much 
chlorine gas was absorbed, only to be given off again 
when the temperature was raised or when a stream of air 
was passed through the solution. Baskerville and 
Bennett (6) however, claimed to have isolated AsCl, as 
a yellow crystalline solid by cooling AsCl; and Cl, to- 
gether in the correet proportions to —40°C. That their 
product was merely a mixture of the reactants was dem- 
onstrated by Smith and Hora (7) and by Biltz and 
Meinecke (8), who showed that the freezing points of 
AsCl;/Cl, mixtures lay on a smooth curve, with no in- 
dication whatever of compound formation. 

More recently, Gutmann (9) has attempted unsuc- 
cessfully to stabilize the pentachloride as the anion 
AsCl-, by adding potassium chloride or tetramethyl- 
ammonium chloride to a mixture of arsenic(III) chlo- 
ride and chlorine. Nonew compound resulted. It was 
found possible, however, to isolate the addition com- 
pounds PC];-AsCl; and SbCl,;-AsCl;. These water-sen- 


‘Suggestions of material suitable for this column are eagerly 
sought and will be acknowledged. They should be sent with as 
many details as possible to Karol J. Mysels, Department of 
Chemist: :, University of Southern California, Los Angeles 7, 
Californis. Contributors of discussions in a form suitable for 
publication directly will be acknowledged as guest authors. 

*Since the purpose of this column is to prevent the spread and 
continuation of errors and not the evaluation of individual texts, 
the sour: of the errors discussed will not be cited. The error 


_— in at least two independent standard books to be pre- 
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sitive substances have been formulated by Gutmann as 
salts AsCl,+ PCls~ and AsCl,+SbCl,~ by analogy with 
the more stable compound PCl;-SbC\;, which is known 
to give a conducting solution in molten iodine mono- 
chloride and to have the structure PCl,+ SbCl,~. The 
alternative formulation of the arsenic compounds as 
PCl,+ AsCl,~- or SbCl,+ AsCl~ was regarded as un- 
likely in view of the absence of any other evidence for 
the existence of the anion AsCl,~. 

Further evidence for the cation AsCl,*+ is the recent 
preparation of the substance AsF;Cl, by the action of 
chlorine on moist arsenic(III) fluoride (10, 11). There 
is clear evidence that this compound is the salt AsCl,* 
AsF,~: for example the conductance in arsenic(III) 
fluoride solution increases linearly with concentration, 
indicating a salt structure; furthermore the ion AsF,~ 
survives alkaline hydrolysis and can be precipitated as 
its nitron salt. 

The greater susceptibility of bromides to oxidation 
makes the possibility of the existence of arsenic(V) 
bromide remote, and a study by Biltz and Jeep (12) of 
the freezing points of AsBr;/Br, mixtures confirmed the 
absence of any higher bromide. However, mention 
must be made of a kinetic study by Venkataraman (13) 
of the bromination of 8,8-dimethylacrylic acid in acetic 
acid solution. The presence of AsBr; in the reaction 
mixture was observed to decrease the concentration of 
bromine available for addition to the unsaturated sub- 
stance. This was interpreted as evidence for the equi- 
librium AsBr; + Br, = AsBr; in solution. This sugges- 
tion has been supported by Savithri (14), who has shown 
that the densities and magnetic susceptibilities of the 
solutions obtained when solutions of AsBr; and Br, in 
acetic acid are mixed have values slightly less than those 
calculated. 

The non-existence of AsCl; appears to be only one 
illustration of a more general phenomenon: the reluc- 
tance of some elements of the first long period to assume 
the high covalences which are achieved by their group 
neighbors above and below them in the Periodic Table 
(15). Some examples are shown in the following 


table. The compounds in parentheses are either non- 
existent or of low stability: 

SF, PCI, SO; 
CrF,) SeO;) 
oF; bCl; eO; 

There is certainly no simple explanation of these 
facts. A possible interpretation, discussed by Hugus 
(16), is that the effect is not due to any lowered stability 
in the highest oxidation states of the elements of the 
first long period, but rather to enhanced stability in ele- 
ments of the second long period: the factor which sta- 
bilizes the latter is the contribution of 4f orbitals to 
bonding, at least in the cases of antimony, tellurium, 
and iodine. Recent discussions (17) of the general 
feasibility of f-orbital hybridization have not confuted 
this suggestion. 
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A CHROMATOGRAPHIC CHAMBER FOR THE STUDENT LABORATORY 


A variety of methods have been proposed for the in- 
troduction of the technique of paper chromatography 
into student laboratory courses. It is desirable for a 
successful procedure to meet several] criteria: The 
method should be suitable for large numbers of simul- 
taneously developing chromatograms with a minimum 
amount of extra equipment and glassware; the filter 
paper support should be wide enough for several spots 
to ascend in parallel paths in order that direct compari- 
son of R; values may be made on the same sheet; the 
chromatographic tank should be of sufficient height for 
the effective separation of components of applied solu- 
tions; the mechanism of the apparatus should be of 
minimum complexity in order that the emphasis of the 
experiment is placed upon chromatography and not 
upon complicated equipment. 

The construction of an effective chromatographic 
tank, which meets the listed criteria, can be accom- 
plished by means of two beakers of the same size. A self 
supporting ascending paper chromatogram is prepared 
by conventional techniques of spot application and held 
in cylindrical form by means of staples. The vertical 
edges of the standing cylinder must not touch or over- 
lap. After placing the developing solvent in the lower 
beaker, the paper cylinder is lowered into the beaker 
and centered so that no contact will occur with the walls 
of the beaker. The second beaker is inverted carefully 
over the cylinder and lowered until it rests upon the 
first beaker. A circumferential band of cellophane tape 
at the junction of the tops of the beakers provides sup- 
port for the glassware and seals the tank to maintain a 
constant atmosphere. It is advisable to use a series of 
short pieces of tape for ease of manipulation. A more 
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simple sealing process is possible when the pourouts are 
not aligned. 

A modification of the procedure permits a saturated 
atmosphere to exist in the tank prior to the addition of 
the developing solvent. A small third beaker contain- 
ing the desired liquid is first centered in the lower beaker. 
The cylindrical chromatogram is then placed around 
the small beaker in concentric fashion, and the tank is 
completed and sealed. After a suitable time for equili- 
bration within the tank, a small piece of tape is re- 
moved in the area of the pourout of-the lower beaker. 
The solvent is then introduced through this opening 
directly to the bottom of the tank by means of a drawn- 
out capillary pipet. 

The size of the chromatogram is limited only by the 
size of the beakers. A 9- X 10-in sheet, with the ver- 
tical dimension of 10 in., can be accommodated in a 
tank prepared from 800-ml. beakers and will provide 
sufficient area for 8 or 9 different spots to ascend « max- 
imum of 9 in. from a base line which is 1 in. from the 
lower edge of the paper. Four chromatograms of this 
size can be cut conveniently from a sheet of Whatman 
No. 1 filter paper, 18'/, X 22'/: in. Correspondingly 
larger or smaller chromatograms may be prepared in 
accordance with the size of available beakers, the rate of 
ascent of the solvent, and the duration of the exper! 
ment. Two-dimensional chromatograms can 
veniently handled in the chamber using square sheets of 
filter paper. If an experiment is chosen in which plg- 
mented materials are being separated, visual obser- 
vation of the developing chromatographic pattern 's 
possible. The procedures as described have prov 
successful in the student laboratory. 
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Recent Advances in the Chemistry of Inorganic Nitrogen Compounds 


Tue chemistry of the compounds of nitrogen has 
throughout the history of modern chemical] science 
provided an area of widespread interest to chemists at all 
levels and in almost all fields, both theoretical and 
applied. The element provides a tremendous variety 
in the physical and chemical characteristics of its 
compounds and in the broad field of their application. 
The importance of nitrogen compounds in the produc- 
tion of explosives, both industrial and military, and in 
the manufacture of fertilizers has served to keep this 
element near the center of industrial chemical develop- 
ment, both in peace time and during war. 

Even when we restrict our attention to relatively 
simple inorganic molecules we find a great variety in 
which nitrogen is present in various oxidation states. 
These compounds include a number of strong oxidizing 
agents, e.g., nitric acid and nitrogen dioxide, some 
strong reducing agents, e.g., hydrazine, some of the 
more interesting nonaqueous solvents, e.g., ammonia 
and dinitrogen tetroxide, as well as compounds covering 
a wide range of stability and a wide range of biochemical 
toxicity. 

As an introduction to this symposium, certain 
general characteristics of the nitrogen family and the 
element nitrogen will be summarized. 


GENERAL CHARACTERISTICS OF THE NITROGEN 
FAMILY 


Electronic Configuration and Chemical Bonding. The 
outer shell of electrons in a free atom of each of the 
elements of the nitrogen family in the normal state has 
the configuration ns*np*. This configuration leads 
readily to the possibility of a covalence of three with 
orbitals of the p* type, or of the sp* type with an sp* 
orbital occupied by an unshared electron pair. A 
covalence of four follows readily from this configuration 
by the use of all four sp* hybrid orbitals for bonding. 
The heavier elements show covalences of five using sp*d 
trigonal bipyramidal orbitals, and covalences of six 
using sp*d? octahedral orbitals. Ionic structures of 
the [ns*np*]*— type are known, especially for nitrogen 
and phosphorus. _ 

Characteristic oxidation states include —3, +3, 
and +5, as exemplified by the hydrogen compounds, the 
oxides, and the halides: MHs, MX;, M.O3(M,Os), MXs, 
and 

Because of the relatively high ionization potentials 
of the elements of the nitrogen family, there is relatively 
little tendeney for the lighter members of this family to 
form positive ions. The heavier members of the family 
fom M+* ions, in which presumably the three np 
electrons are lost. 

The family exhibits the characteristic gradation from 
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nonmetallic to metallic properties with increasing 
atomic number as exemplified by increasing basicity 
(or decreasing acidity) of the oxides in the sequence 
from nitrogen to bismuth, and by decreasing stability 
of the binary hydrogen compounds. The physical 
properties of the free elements change in the same 
sequence. 


SPECIAL CHARACTERISTICS OF NITROGEN 


Like the first members of the other main groups of the 
periodic system, nitrogen differs considerably from other 
members of its family. This difference is related to the 
following parameters: 

High electronegativity, considerably higher than 
other members of the family (N= 3.0 on the Pauling 
scale, P = 2.1). 

Ability to form x bonds using p orbitals, i.e., to give 
double bonds of the familiar type. 

Lack of availability of d orbitals for + bonding. 
Thus, multiple bonding is impossible for a nitrogen 
atom which has formed four o bonds. 

The extraordinarily high stability of the N, molecule. 
This contributes to a generally lower thermodynamic 
stability of nitrogen compounds than otherwise would 
be the case. The nitrogen molecule has been repre- 
sented by the electronic formula 


INN=N: 


which involves a o bond plus 2 x bonds. In terms of 
molecular orbitals, the nitrogen molecule has the con- 
figuration 

= 


The coordination number of nitrogen and, hence its 
covalence, is limited to four by the lack of availability of 
d orbitals in the valence shell of the nitrogen atom. Ni- 
trogen cannot ‘expand its valence shell.” 

The small size of the nitrogen atom produces, in many 
instances, a further decrease in coordination number 
because of the “radius-ratio effect.” Thus, the com- 
mon form of nitric acid is HNO;, whereas orthophos- 
phoric acid, H;PQ,, is the familiar form. There is 
literally not sufficient space for four oxygen atoms about 
a single nitrogen atom in the +5 oxidation state. 

Because of these and other factors, the chemistry of 
nitrogen and its compounds possesses a complexity and 
variety which is often bewildering but is always a chal- 
lenge. The following papers report some of the more 
recent developments in this fascinating field. 


Harry H. Sister 
Chairman of Symposium 
University or Fioripa 
GAINESVILLE, Fiorma 


> 


REACTIONS IN LIQUID AMMONIA’ 


In any comprehensive discussion of the chemistry of 
inorganic nitrogen compounds, it is entirely appro- 
priate that liquid ammonia chemistry should be em- 
phasized. From several different points of view, 
ammonia is certainly one of the most important com- 
pounds of nitrogen. Equally significant is the fact that 
for more than fifty years noteworthy contributions 
to our knowledge of the chemistry of inorganic nitrogen 
compounds have resulted from the use of liquid am- 
monia as a medium for the conduct of a wide variety 
of interesting reactions. 

The selection of studies for inclusion in this discussion 
is designed to provide scope at the expense of detail; 
this is in no sense intended to be a comprehensive re- 
view of even a small segment of the field. Quite 
arbitrarily, the studies discussed in the paragraphs that 
follow are limited to work published during or since 
1950, together with some unpublished observations. 
Comprehensive reviews of much of the earlier work are 
available in monographs (/, 2) and review papers; 
typical titles in the latter category include ““Ammonol- 
ysis in Liquid Ammonia” (8), ‘Reactions and Re- 
agents in Liquid Ammonia” (4), “Reactions of In- 
organic Substances with Solutions of Metalsin Liquid 
Ammonia” (5), and “The Chemistry of the Alkali 
Amides” (6). 

For the purposes of the present discussion, reactions 
in liquid ammonia may be classified into five categories; 
these together with typical examples are enumerated 
below. 


REACTIONS IN WHICH PARTICIPATION BY THE 
SOLVENT IS EITHER ABSENT OR INCIDENTAL 


This category includes cases that are often con- 
cerned with synthesis and that take advantage of 
favorable solubility relationships, the stability of 
reaction products at low temperatures, and/or the 
lesser tendency (as compared with water, for example) 
toward complications arising from solvolytic reactions. 
These and other characteristics of liquid ammonia as a 
reaction medium permit both the synthesis and study 
of a considerable variety of species that may be ob- 
served less readily or not at all in other solvents. 

The synthesis of pure crystalline ammonium nitrite 
(7) is a typical example; 

NaNO, + NH,Cl ~ NH,NO; + NaCl 


the sodium chloride was separated owing to its limited 
solubility in ammonia,’ the nitrite was recovered by 


1 Presented as a part of the Symposium on Recent Advances 
in the Chemistry of Inorganic Nitrogen Compounds before the 
Division of Chemical Education at the 13lst Meeting of the 
American Chemical Society, Miami, April, 1957. 

2 A more favorable separation would result from the use of 
potassium nitrite since potassium chloride is less soluble in am- 
monia than is sodium chloride. 


GEORGE W. WATT 
The University of Texas, Austin, Texas 


evaporation of the solvent and purified by sublimation 
below 80°. The work of Fischer and co-workers (8) has 
led to an apparently general route to the synthesis of 
dicyclopentadienyls of transitional metals by the 
general reaction 
[M™(NH;)s] (SCN)2 + M'!C;H; > 

[M™(NHs)s] (CsHs)2 + 2M'SCN 
where M" = Mn, Fe, Co, Ni, and M'=Li, Na, K. The 
corresponding compound of Cr*+ has also been pre- 
pared and studied. Upon sublimation of the hex- 
ammines in vacuo, complete deammoniation occurs, 


[M™ (NHs5)s] (CsHs)2 M™ (CsHy)2 + 6NH; 


Liquid ammonia has also been shown to be a highly 
advantageous medium for the synthesis and study of a 
considerable variety of carbonylecyano complexes of 
transitional metals. Thus, Nast and Roos (9) have 
demonstrated reactions of the type, 


K,[Nix(CN).] + 2CO — 2K2[Ni(CN)3(CO)] 
K,[Ni(CN),] + 2CO — K.[Ni(CN)2(CO).] + 2KCN 


Although these products are extremely hygroscopic and 
unstable upon exposure to the atmosphere, they are 
formed as stable crystalline solids in liquid ammonia 
at —40°. 


AMMONIATION 


The formation and characterization of ammoniates 
or apparent ammoniates usually arise as byproducts of 
studies having other objectives. These solvates, that 
in many instances are strictly analogous to the more 
familiar salt hydrates, are commonly encountered when 
salts are used as starting materials in other reactions, or 
they may be of interest in relation to structural prob- 
lems. Examples of the former include the ammoniates 
of VCl;-~NH; (10) where x=12, 7, 6, 5, 3, and 2; the 
ammonia-insoluble ammoniates of BiCl;-~NH; 
where x = > 2 (at —50°), 2 (25°), 1 (150°), and 0 
(250°); and SiF,-2NH; (12). The lesser tendency 
toward ammonolysis as compared with hydrolysis is 
well illustrated by the 2-ammoniate of silicon(IV) 
fluoride. Although this solvate is entirely stable 
toward ammonolysis up to 300°, it undergoes hydrol- 
ysis rapidly, e.g., 


Similarly, the ammoniates of aluminum(III) iodide (/3) 
exhibit both surprising thermal stability and resi-\ance 
tosolvolysis by ammonia. At —70°, the stable species Is 
AllI;-20NH;; the 6-ammoniate is stable in the pr: sence 
of liquid ammonia over the range —33.5 to 110°, but 
thermal decomposition at 300° yields the 5-ammouiate. 

An excellent example of the importance of apparent 
ammoniates in connection with structural pro! lems 
is provided by the work of Parry and co-workers (14) 
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on the so-called -‘‘diammoniate of diborane,’ B.He- 
29NH;. As a structural problem, this compound has 
long been controversial both per se and in relation to the 
structure of diborane. In a series of papers noteworthy 
for their thoroughness, Parry and his associates 
have brought together a wealth of both chemical 
evidence and physical data that point to the conclusion 
that this “‘diammoniate” is probably best formulated 
as (H2B(NHs)2](BH,); the evidence in support of this 
conclusion is too extensive for inclusion here. 


AMMONOLYSIS 


Studies of solvolytic reactions in ammonia may have 
widely differing objectives. Many such investigations 
have been concerned with reaction kinetics, including 
acid and base catalyzed reactions. From the general 
standpoint of inorganic nitrogen compounds, however, 
ammonolysis is primarily of interest as a route to 
ammonobasic salts, amides, imides, nitrides, and 
related mixed types. 

This kind of reaction in ammonia is illustrated by the 
work of Goehring and co-workers (15) who have shown 
that the ammonolysis of sulfuryl chloride yields 
sulfamide and ammonium imidodisulfamide, 


380,:Cl. + 12NH; — SO.(NH:2)2 + NH«N(SO.NH:): + 6NH,Cl 


It is not uncommonly true that the solvolysis of a 
particular type of compound is strongly influenced by 
the nature of the more electronegative constituent. 
Thus, while BC]; and BBr; areammonolyzed to the corre- 
sponding amide, Keenan and McDowell (16) have 
shown that the imide results from the ammonolysis of 
the iodide, 

2BI; + 9NH; B.(NH); + 6NH,I 


As more or less typical of the kind of reactions that 
occur upon ammonolysis of halides of transitional 
metals, the work of Fowles and Pollard (17) on the 
ammonolysis of niobium pentachloride may be cited. 
The sequence of products observed in the presence of 
solvent (—63° to —23°) and upon thermal decomposi- 
tion of the low-temperature solvolysis product may be 
summarized schematically as follows, 

NbCl; + 18NH; Nb(NH;).Cl;-12NH; + 2NH,C1-3NH; 
—63 to —23° 160° 
Nb(NH,),Cl, -5NH; + 2NH,Cl——> 


200 
Nb(NH2):Cl, + NH,Cl—> Nb(NH;),Cl, ——— NbN 


Fowles and Pollard have also published the results of 
similar studies on the ammonolysis of TiC (18), 
ZrCl, and ThCk, (19), and from work as yet unpublished 
or still in progress, data on the ammonolysis of VCk, 
a SnCl,, SnBr, and SnI, are to be anticipated 

0). 

Solvolytic and other types of reaction in liquid 
alimonia are by no means lacking in potential practical 
significance. The ammonolytic reactions, for example, 

Cl, + 2NH; — CINH; + NH,Cl 

CINH, + 2NH; — N:H, + NH,Cl 
provide a possible route to the production of anhydrous 
hydrazine (21). These and related reactions are the 
subject for more detailed discussion in another paper 
in this symposium. 
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REACTIONS OF ALKALI AND ALKALINE EARTH 
METAL AMIDES 


Reactions in this category are similar in some re- 
spects to those involving ammonolysis. Some am- 
monolytic reactions are base-catalyzed and the soluble 
alkali metal amides are the bases most commonly em- 
ployed as catalysts. Also, the reaction products are 
sometimes similar, but differ in that the solvolytic 
reactions yield free bases whereas those involving the 
metal amides most commonly lead to salts of these 
and similar bases. In order to maintain a distinction, 
the examples given here are restricted to reactions of 
alkali and/or alkaline earth metal amides with species 
that are not susceptible to ammonolysis at appreciable 
rates. 

Here again one may select an example involving a 
potentially important practical process. In 1945, a 
patent was issued with reference to a process for the 
production of sodium azide from nitrous oxide and 
sodium amide (22); 


N.O + 2NaNH; — NaN; + NaOH + NH; 
more recently, this reaction as well as, 
4Na + 3N:0 + NH; —~ NaN; + 3NaOH + N; 


have been the subject of extensive rate studies designed 
to establish conditions optimum for maximum conver- 
sion (23). Yields of 95% or greater were realized in 
both cases and both are essentially temperature- 
independent over the range —40° to 30°. The second 
of the above reactions proceeds at the greater rate but 
is economically less advantageous. . 

The interaction of sulfur nitride and potassium amide 
in ammonia has been shown to lead to a mixture of 
yellow crystalline potassium salts (24), 


+ 6KNH, — 28(NK): + 28(NK) + 4NH, 


that are stable in an inert atmosphere and are of interest 
for their potential use in synthesis. Upon exposure to 
the atmosphere, these salts are converted to mixtures of 
sulfite, sulfate, and thiosulfate. 

The use of reactions of alkali amides in the forma- 
tion of amides, imides, and nitrides is well illustrated 
by the work of Schmitz-Dumont and Raabe (25). By 
varying the mole ratio of potassium amide to potassium 
hexanitratothorate(IV), these workers have reported 
a variety of imidoamides, i.e., 


KNH; + K:Th(NOs;). HNTh(NH:2)s 
HNTh(NH;)K 
HNTh(NH:2)sK 
(HN):Th(NH:)K 


The thermal decomposition of these products has been 
studied in some detail; for example, the decomposition 
of the first of the above products is believed to proceed 
as follows, 
HNTh(NH:): ———> (HN);Th(NHg)s 
100° 
—— Th(NH) 


130° 
—— ThiN, 


This particular case is only illustrative of a broader 
program on the action of alkali amides on salts of transi- 
tional elements that is.in progress in Professor Schmitz- 
Dumont’s laboratory (26, 27, 28). 

A somewhat different type of reaction of an alkali 
amide in ammonia has been studied recently in the 
writer’s laboratory by McCarley and Dawes (29). 
The reaction between bisethylenediamineplatinum(II) 
iodide and potassium amide at —33.5° has been shown 
to proceed as follows, 


[Pt(en)2]I2 + KNH: — [Pt(en-H) (en)]I + KI + NH; 
[Pt(en)}I, + 2KNH — [Pt(en-H)2]° + 2KI + 2NH; 


where (en-H) denotes the abstraction of a proton 
from a nitrogen atom coordinately bonded to the 
central platinum ion. Both of these products are 
crystalline solids that are stable in an inert atmosphere; 
they are reconverted to [Pt(en)2]I, upon reaction with 
one and two equivalents of HI, respectively. 


REACTIONS OF SOLUTIONS OF METALS 


Probably no single feature of liquid ammonia chem- 
istry has attracted more widespread interest than the 
fact that this liquid is a solvent for certain of the more 
active metals, notably the alkali and alkaline earth 
metals. Although these solutions have been the sub- 
ject of a wide variety of both chemical and physico- 
chemical investigations, interest in recent years has 
centered about the use of these solutions as reducing 
agents in the production of unusual oxidation states 
of the elements. 

For example, Hieber and Bartenstein (30) have shown 
that the reduction of potassium hexacyanocobaltate- 


(III) with potassium in ammonia yields potassium 
tetracyanocobaltate(0), 


K;[Co(CN).] + 3K* + 3e- — K,[Co(CN),] + 2KCN 


This over-all reaction was subsequently shown to in- 
volve the intermediation of a cyano complex of the 
1+ oxidation state of cobalt (31), i.e., 
K;[Co(CN).] + 2K+ + 2e- — K;[Co(CN)] + 2KCN 
K,[Co(CN)] + K+ + e~ — K,[Co(CN),] 

By similar studies, Christensen, Kleinberg, and 
Davidson (32) have shown that the reduction of 
potassium hexacyanomanganate(III) with potassium 
is best interpreted as leading to a product involving 
both the 1+ and zero oxidation state of manganese, 
2K;[Mn(CN).] + 5K* + 5e— + 2NH; > 

Ks[Mn(CN -Ke[Mn(CN).] -2NH; 
This interpretation is consistent with the analytical 
composition, reducing action, and magnetic properties 
of the product in question. 

Also by reduction with potassium in ammunia, 
ammines of platinum (33) and iridium (34) in the zero 
oxidation state have been produced by the reactions, 

{Pt(NH;)JBr: + 2K+ + 2e- — [Pt(NH;),]° + 2KBr 
[Ir(NH;);Br) Br. + 3K+ + 3e- — [Ir(NH;);]° + 3KBr 


These products are unusual in that their stability de- 
pends only upon o bonds between nitrogen and metal. 
Finally, there are two additional items of recent 
information on reactions in liquid ammonia that merit 
special consideration. The first of these is particularly 
novel in that it indicates that some reactions of solutions 


of metals in ammonia may depend upon the nature of 
the metal. For many years the accumulation of evi- 
dence indicated that the reactions exhibited by these 
solutions are reactions of relatively free solvated elec- 
trons and are independent of the particular alkali or 
alkaline earth metal employed. However, Kee:an 
and McDowell (85) have shown that the reactions of 
boron trifluoride 1-ammoniate with lithium, sodium, 
and potassium in ammonia lead to distinctly different 
boron-nitrogen compounds, i.e., 


BF;-NH; + Li ~ (NH:),BNHBNH 
+ Na — (NH:),BNHB(F)NH, 
+ K— BF.NH: 


In addition to the major products shown above, these 
reactions yield alkali fluoride and hydrogen, and the 
M/BEF; ratios are all different, i.e., 3:1 for Li, 5:2 for 
Na, and 1:1forK. Differences of this kind are without 
precedent in liquid ammonia chemistry and it will be of 
interest to learn whether similar differences are ex- 
hibited in still other instances. 

The other case that is equally unusual involves a 
related but somewhat different reducing system. All 
the reactions of solutions of metals that are discussed 
above involve (only) the interaction of a reducible 
species and a solution of a metal in ammonia. There 
is a considerable body of information on reduction re- 
actions in ammonia that differ to the extent that they 
include also the presence of a source of active hydrogen 
such as ammonium ion, an alcohol, water, etc. Evers 
and co-workers (36) have published the first evidence 
that indicates that, under competitive conditions, a 
reaction of ammonium ion takes precedence over a 
reaction of a solution of a metal in ammonia. Thus, 
although tetrasodium diphosphide is not reduced 
directly by sodium in ammonia, reduction does occur 
following an initial reaction with ammonium ion. The 
over-all result is represented by the equation, 

Na,P, + 4NH,Br + 2Nat+ + 2e- 

2NaPH, + 4NaBr + 4NH; 
The reaction with the metal solution, however, does not 
occur until exactly four molar equivalents of ammonium 
bromide are added. This is interpreted as indicating 
that phosphorus-phosphorus bond rupture is preceded 
by the reactions, 


(P2)-* + 2NH,*+ — (HPPH)~* + 2NH; 
(HPPH)~? + 2NH,* — H:PPH: + 2NH; 


The biphosphine thus formed is then believed to be 
reduced by the sodium solution as follows, 


H.PPH: + 2e— — 2(PH:)- 


A somewhat different interpretation of these reac! ions 
has been suggested by Royen and Zschaage (37). 

It is hoped that this necessarily brief account of types 
of reactions in liquid ammonia serves to illustrate both 
the versatility of this reaction medium and the mainer 
in which reactions in liquid ammonia continue to 
provide new information in the general area of inorg:\nic 
nitrogen compounds. 
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CHLORAMINE'’ 


Tue chemistry of hydrazine has recently attracted a 
great deal of attention, and, since chloramine is the 
intermediate in the Raschig synthesis of hydrazine, an 
understanding of chloramine chemistry is essential to 
an understanding of the Raschig process. Although 
there are several excellent sources (1, 2, 3) which pro- 
vide an extensive coverage of the information on hy- 
drazine, a complete review on chloramine is not avail- 
able. In this article, the chemistry of chloramine will 
be reviewed by discussing its synthesis, analytical de- 
tection, structure, physical properties, and chemical 
reactions, 


SYNTHESIS 


Aqueous solutions of chloramine are prepared by the 
reaction of ammonia with sodium hypochlorite (4, 5). 


NH, + NaOCl — NH,Ci + NaOH (1) 


; Presented as part of the Symposium on Recent Advances in 
the Chemistry of Inorganic Nitrogen Compounds before the 
Division of Chemica! Education at the 131st Meeting of the 
Ameriean Chemical Society, Miami, April, 1957. 
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This reaction, which is the first step in the Raschig proc- 
ess for producing hydrazine, is carried out at 0°C., in 
basic, dilute, aqueous solution. Nearly quantitative 
yields of chloramine are obtained when a ratio of three 
moles of ammonia to one of hypochlorite is employed 
(6, 7). Concentrated solutions of hydroxide decom- 
pose chloramine, and, since hydroxide is a product of 
the reaction of ammonia with hypochlorite (see equa- 
tion (1)), only dilute solutions of chloramine can be ob- 
tained by this method. This obstacle might be over- 
come by the simultaneous addition of ammonium chlo- 
ride and hypochlorite to dilute solutions of ammonia 
and sodium hydroxide; the net reaction might then be: 


NH;Cl + NaCl + H;O (2) 


NH,Cl + NaOCl 
solution 

A kinetic study of the reaction between ammonia and 
hypochlorite has been carried out over a wide pH range, 
in very dilute solutions of hypochlorite containing a 
large excess of ammonia or ammonium ion (8). From 
these results and those of a similar investigation on the 
reaction of dimethyl amine with hypochlorite the fol- 
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lowing Sy2 type mechanism was proposed for both of 
these reactions: 


R:NH + HOC! + H,0 > 


H 


of 
R P 


— R,NCl + 2H,0 (3) 


Ny “ 
R Cl -— OH 


where R = CH; or H. 


It is possible to obtain pure, anhydrous chloramine 
from the dilute aqueous solutions (9) obtained from 
the reaction of aqueous ammonia with hypochlorite. 
Vacuum distillation of the aqueous product gives a 12% 
chloramine solution which can be dehydrated with po- 
tassium carbonate to yield anhydrous chloramine. The 
pure material is a colorless oil, that decomposes ex- 
plosively at —50° and has a freezing point of —60°. 
Anhydrous, nonaqueous solutions of chloramine are ob- 
tained by solvent extraction of chloramine from dilute 
aqueous solutions (10). 

If a primary amine is allowed to react with hypo- 
chlorite, alkyl dichloramines are produced (11), while 
reaction of a secondary amine produces dialkyl! chlor- 
amines (1/2). The alkyl compounds are generally 
more stable than chloramine. Dimethyl chloramine 
and methyl dichloramine are pale yellow liquids which 
can be distilled at atmospheric pressure; the former at 
46° and the latter at 60°. 

Chloramine is also produced in good yield by the gas 
phase reaction of chlorine with an excess of ammonia 
(18). 


+ Clo) NH2Che) + (4) 


The ammonium chloride is removed from the gas 
stream by utilizing a glass wool plug as a filter. Chlor- 
amine, obtained as a gas in the presence of a large ex- 
cess of gaseous ammonia, can be condensed with the 
ammonia or separated from it by utilizing a solvent in 
which chloramine is soluble and ammonia relatively in- 
soluble (ex. CCl,). A 95% yield (based on Cl, used) 
of chloramine is obtained with proper reactor design 
(14). At an ammonia to chlorine mole ratio as low as 
8 to 1, an 84% yield is realized. This reaction can be 
adopted as a laboratory method (15) by: (1) design- 
ing a reactor which allows for a symmetrical flow of 
ammonia about the chlorine inlet (/3, 14); (2) pro- 
viding a means of removing the ammonium chloride 
which forms in the chlorine inlet tube (73, 14); (3) 
diluting the chlorine gas with nitrogen. Other methods 
for allowing ammonia to react with chlorine under an- 
hydrous conditions have also been investigated (13). 

Other reactions which have been utilized for the syn- 
thesis of chloramine are summarized in Table 1. 


ANALYSIS 
The oxidizing properties of chloramine have been 
employed as the basis of an iodimetric determination. 
NH.Ci + 2H+ + 2I- — NH,+ + I, + Cl- (10) 
The iodine generated is titrated with thiosulfate. 
Unfortunately, this method is not specific for chlo- 
ramine but measures total oxidizing agent present in the 


solution. Several colorimetric determinations (22, 23) 
are possible. The best procedure for the specific 


Equa- 

tion 

num- Refe:- 
ber Equation enc 


(5) + — 
NH,Cl + (CH;);COH (16, 77) 


(6) or «) + NO.Cl NH.Cl, NH,NO, 
NH.Ci (18) 


(7) + CH:—C 
N—Cl — 
CH,—C 
O 


NH.Cl + CH,—C 
NH (19) 
\ 


(8) o” (NHC1), + H,O + 2NH,C1+ CO, (20) 
(9) NHCISO,K + H,O NH,Cl + KHSO, (21) 


determination of chloramine is based on the presence 
of an ultraviolet (24) absorption band at 2430 A. E = 
458. Aqueous solutions of chloramine obey Beer’s law 
in the pH range 9 to 11. Concentrations as low as 
10-‘ M can be determined by this method. 

Structures of Chloramines and Dichloramines. The 
infrared spectra of gaseous chloramine and dichloramine 
were investigated in the presence of gaseous ammonia 
(25). The structures represented in Figure 1 were pro- 
posed from the results of an investigation of deuterated 
and nondeuterated molecules. 


Figure 1. Structures of Chloramines 


The unshared pairs of electrons on the nitrogen and 
chlorine atoms are not indicated in Figure 1. Both 
molecules are pyramidal, the bond hybridization of the 
nitrogen is similar to that in ammonia. An N-H bond 
distance of 1.01 A. was reported. It was assumed that 
the N—CI distance was identical to the value (1.76 A.) 
obtained (26) from an electron diffraction investiza- 
tion of dialkylchloramine. Both dimethyl chloramine 
and methyl dichloramine are also pyramidal. An 
N—Cl distance of 1.74 A. was reported for methy! di- 
chloramine. The sum of the covalent radii for nitro- 


gen and chlorine is 1.73 A. 


CHEMICAL REACTIONS OF CHLORAMINE 


Equilibria in Solution. In aqueous solution, 2n 
equilibrium exists between chloramine, dichloram:¢, 
and nitrogen trichloride which is dependent on the p!1 
of the solution and the ammonium ion concentrat!.n 
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(27, 28). The principal specie present in solutions of 
pH less than 3 is NCI; of pH in the range 3-5 is 
NHCl, and of pH above 8 is NH:Cl. These equilibria 
are represented by equations (11) and (12): 


H+ + 2NH.Cl = NHCI, + NH,* (11) 
H* + 3NHCl, = 2NCl, + NH,+ (12) 


Approximate equilibrium constants for equations (11) 
and (12) were estimated*® as 10° and 10* respectively. 
In strongly alkaline solutions, chloramine is converted 
to hypochlorite (equation 13) ; 


NH,Cl + OH- = NH; + OCI- (13) 


At 15°C., the equilibrium constant for this reaction is 
1.6 X 10-*. 

The unshared pair of electrons on the chloramine 
molecule is not basic as indicated (30) by a basic dis- 
sociation (Ky) constant of 10-". The ionization con- 
stant for the reaction. 


H,0 + NH,Cl + H,O+ + NHCI- 


was estimated (29) to be in the range 10-" to 10-!”. 
However, the method used to arrive at this value is not 
rigorous. 

The estimated standard potentials pertaining to the 
formation of chloramine in aqueous solution and in 
liquid ammonia are summarized in Table 2 along with 
values for the formation of dichloramine and nitrogen 
trichloride in aqueous solutions. 


TABLE 2 


In acid aqueous solution 
Cl- —1.36 Cl. —1.60 


_—> 


NH,Cl 


—1.48 
Cl, —1.42 


NHCl, 


—1.37 
Tn basic aqueous solution [OH~] and [NH;] = 1 M 
0.81 
NH,Cl 
In liquid ammonia 
-1.9 Ch -—1.0 NH,Cl 


.* The oxidation state of chlorine was assumed to be +1 in the 
N-chloro compounds. 


_ The estimated free energy of formation of chloramine 
i aqueous solution is 18.6 keal./mole. The standard 
potentials indicate that the production of chloramine 
by anodic oxidation of ammonium chloride solutions in 
liquid ammonia will not occur unless the nitrogen over- 
Voltage on the electrode is high, for the thermody- 
hamically favored anode reaction will be NH,+ — No. 
It was found that chloramine could not be produced by 
the electrolysis of ammonium chloride solutions in 
liquid ammonia (87). 

Table 3 contains a summary of other reactions that 
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chloramine has been reported to undergo, along with 
the appropriate references. 


TABLE 3 
Chemical Reactions of Chloramine 


Reaction 


(13) NH:Cl + 20Cl- NCL + 20H- 


cone. 
(14) NH:Cl + 2HCI NH.CI + Ch 
aci 
3NH:Cl ————> NH.Cl + N: + 2HCI 
slightly 
acidic 
NH:Cl + OH- — NH, + OCI- 
3NH:Cl + 3KOH — KCI1O; + 3NH; + 2KCl 
NH:Cl + Ag* a No Reaction 
col 


heat 
NH;Cl + Ag * ————> AgCl + ? 
or acid 


3NH:Cl + 3KOH — NH; + Nez + 3KCIl + 3H:0 (33) 
NH:Cl + CsHsCHO — CsHsCHNC! + H:0 ($4) 
3NH:Cl + 3CH:0 — (CH:NCl); + 3H:O0 (£4) 
3NH:Cl + RCHO CH;:CHNCI + H:O (34, 35) 
NH:Cl + RMgX — RNH: + MgXCl (36) 
NH:Cl + ZnR or LiR RNH2, NHs, ZnChk or LiCl (87) 


2NH:Cl + + Mg — 
2(CHs)sCCH:CNH2(CHs): + MgCl: (88) 


NH2Chaq)* + (CHs)2NCS:Na ————> 
010°C. 


(CH:)2CS:NH: + NaCl (8/, 40) 
2NH:Cl + 2KCN {2NH:CN] + 2KCl — 


NH(CN): + NHs (41) 
NH:C] + Na:SO; NH:SO:;Na + NaCl (42) 
NH:Cl + H:SO; + H:O NH«HSO: + HCl ($3, 48) 
2(NH:Cl + OH- — NH:OH + 
2NH:0H + NH:Cl + OH~— NH; + N: + 3H:0 + Cl- 


2NH:Cl + 30H~ — NH; + Nz + 3H:0 + 3Cl~ 
very 
fast 


NH:Cl + RO- RONH: + Cl- 

NH:Cl + 2RNHa1)* RNHNH: + RNH:Cl 
NH:Cl + 2ReNH() R:NNH: + R:NH:Cl 
NH:Cl + 2NHal) NH:NH: + NH.Cl 

NH:Cl + — RsNNH:* + Cl- 

NH:Cl + 2NHajaq) NeHs + 

NH:Cl + NHaaq) + OH~ — + Cl- + H:0 


NH:Cl + RNH2aq) + OH- RNHNH: + Cl- + H:0 
NH:Cl + R:NH aq) + OH~ — R:NNH: + Cl- + H:0 
NH:Cl + BF; BF:NH:, NH.Cl, Ne, 
(CHs)2NCl + BF; F3:B: 


2 


Rv 70 
\OH 


R:NNO: + HOCI 
NH:Cl + R:C = NOH — R:C=N=N + H:0 + HCl 
NH:Cl + — (CeHs)2CCICN 


CH:=—C=0 + CIN(CHs): CH:CIC—N(CHs)2 


® aq = aqueous solution, |! = pure liquid 
6 It has been reported (58) that KCNO and CNCIl (83) are the prod- 
ucts of this reaction. 


Equations (13) to (18) represent reactions in which 
chloramine is behaving as a chlorinating agent. This 
type of reaction is not a very common one for chlo- 
ramine. Reactions indicated by equations (20) to (22) 
are classical Schiff’s base reactions. In equations (40) 
to (43) the chloramine molecule is behaving as an elec- 
tron pair donor. This type of reaction is well estab- 
lished for alkyl chloramines but not for chloramine. 
As previously mentioned, the K, in aqueous solution 
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ofe 
Equa- 
» 17) tion ~ 
num- Refer- 4 
(81) — 
(28) 
(9) 
(9) 
(19) 
) (20) 
(21) 
(22) 
(23) 
(24) 
) 
(27) 
sence 
E= (30) A 
law 
(31) (45, 46) 
= 
(a) 
‘ated —1.36 (37) (1, 17, 
| 60, 61) 
(38) (52) 
—1.39 (39) (62) 
40 (68) 
(64) 
(44) (65, 56) ; 
(45) (67) , 
(46) (67) 
| 
A.) 
an 
pil 
tion 


indicates that chloramine is a poor electron pair donor 
and under strongly acidic conditions, the chloramine 
molecule decomposes. Kinetic studies (32) have been 
carried out on the acid decomposition reaction of 
chloramine. 

The remainder of the equations can be classified as 
reactions which serve to introduce the —NHe: group 
into a molecule. This class of reactions is further sub- 
divided as follows. 

(1) Reactions employing an active metal. 

(2) Addition of chloramine across a double bond. 

(3) Reactions between chloramine and strong Lewis 
bases. 

The reactions which employ an active metal (equa- 
tions (23)—(26)) are classical organic reaction types. 
Addition of chloramine across a double bond proceeds 
via Markownikoff’s rule if the chlorine atom is as- 
sumed to be the negative end of the molecule. How- 
ever, since the polarity of the chloramine molecule is in 
doubt and since neither kinetic data nor activation en- 
ergies are available, the possibility exists that these 
additions could proceed via a free radical reaction. 
It has been reported (59) that the reaction of chlo- 
ramine with hydrazine: 


2NH:Cl + N2H, 2NH,Cl + (48) 


proceeds via a free radical mechanism indicating chlo- 
ramine is capable of undergoing this type of reaction. 
In view of the weak basicity of the electron pair on di- 
alkyl oximes, the reaction with chloramine (equation 
(41)) has been tentatively classified in the double bond 
addition category. 

The final reaction type to be discussed has been in- 
vestigated most thoroughly for cases in which the Lewis 
base is an ammonia molecule. The results of a kinetic 
evaluation of reported yield data (60) and a quantita- 
tive evaluation of the effect of added hydroxide on this 
reaction (51) favor the Sy2 reaction illustrated by 
equation (49). 

[OH~} 
HN: + [H,N—NH,+ + ——> 


N2H, + Cl- + (49) 


In liquid ammonia (14, 48) or in aqueous solution con- 
taining no fixed base (4/), the final step is. 


[H;3N—NH_* + Cl-) + N:H, + NH,Ci (35) 


The reaction of trialkyl amines with chloramine (equa- 
tion (35)) lends further support to this mechanism, for 
in this reaction the product obtained is similar to the 
intermediate proposed for the reaction of chloramine 
with ammonia. 

Other mechanisms, including an imide molecule 
mechanism which has recently been proposed (61), can 
be eliminated on the basis of the experimental evidence 
now available (47, 51, 59). 

There are several other interesting features of the 
reaction of chloramine with ammonia which will be 
mentioned briefly: 

The yield of hydrazine obtained is greatly improved 
by the addition of hydroxide ion to the solution. The 
function of this hydroxide is to neutralize the ammo- 
nium ion which is produced by the reaction of ammonia 
with chloramine for it has been demonstrated (5/) that 
the addition of ammonium ion reduces the amount of 


hydrazine obtained. Trace metal ions (especially 
Cut**), inherently present in the sodium hydroxide em- 
ployed, drastically reduce the yield of hydrazine ob- 
tained. The addition of gelatin to the basic solu: ion 
complexes these impurities and renders them inac: ive. 
If the solution is not strongly basic, the gelatin is not 
effective. It has long been assumed that the meta’ ion 
catalyzes the reaction of hydrazine with chloramine 
(equation (48)). Recent work (62) indicates that in 
solutions buffered at a pH comparable to the solutions 
employed in the Raschig process, trace metal ions cat- 
alyze the decomposition of chloramine (equation (19)), 
Since the addition of gelatin inhibits this catalysis. this 
may also be an important function of gelatin in the 
Raschig process. 

Since the synthesis of hydrazine in aqueous solution 
results in the formation of a very stable hydrate, syn- 
thesis in a wide variety of nonaqueous solvents has 
been attempted (48, 14). The reaction in liquid am- 
monia affords an excellent method for producing the 
anhydrous material in high yield, for a less difficult 
separation problem is encountered in this solvent. It 
is interesting to note that when the chloramine-am- 
monia reaction is carried out either in liquid ammonia 
solutions to which gelatin and potassium amide have 
been added or in alcohol solutions to which potassium 
alcoholate and gelatin have been added, the yield of 
hydrazine is identical to that obtained in the pure sol- 
vents (63). Since hydrazine is not produced by reac- 
tion of chloramine and ammonia in diethyl ether solu- 
tion it was proposed (64) that chloramine is not the 
intermediate in the Raschig process. This is not a 
valid conclusion, for the speed of a bimolecular reaction 
between neutral particles leading to a transition state 
which involves a charge separation depends to a large 
extent upon the dielectric constant. In a solvent with 
a low dielectric constant like diethyl ether, the reaction 
does not occur to an appreciable extent. 

The reactions of chloramine with alkyl amines af- 
fords a convenient synthesis for unsymmetrical alky! 
hydrazines. The information’ available indicates that 
alkyl chloramines do not undergo a similar reaction 
with ammonia or amines. It is logical to extend the 
mechanism proposed for the reaction between chlo- 
ramine and ammonia to all reactions between chlo- 
ramine and strong Lewis bases. Such a proposal should 
be regarded as speculative until adequate kinetic data 
are available. 
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NITROGEN DERIVATIVES OF PHOSPHORUS AND 


SULFUR’ 


To property survey recent experimental develop- 
ments concerning the nitrogen derivatives of the 
phosphoric acids and of sulfuric acid, it is helpful to 
apply a concept which has already proved to be of 
inestimable value in systematizing the chemistry of the 
utrogen derivatives of carbonic acid. No unifying 
concept has been of more value in the elucidation of 
the chemistry of the ammonia derivatives of carbonic 
acid than the Franklin solvent system approach, 
\l, 2) specifically as it relates to a consideration of the 
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many and varied compounds that can be designated as 
ammono and mixed aquo ammono carbonic acids (3). 
A consideration of water and ammonia as parent sub- 
stances of systems of compounds makes it possible (1) 
to organize the chemistry of oxygen and nitrogen 
compounds as aquo and ammono compounds, respec- 
tively, (2) to compare the properties of such ammono 
compounds with the better-known oxygen compounds, 
and (3) to develop methods of synthesis for nitrogen 
compounds, entailing reactions of ammonolysis, am- 
monation, and deammonation, that are in many respects 
similar to reactions of hydrolysis, hydration, and 
dehydration. Rather than use a specific terminology, 
it seems more reasonable to speak of such synthetic 


‘ 
‘ 
| 


reactions as involving solvolysis, solvation, and de- 
solvation processes, especially since the general utility 
of the solvent system concept has been extended to 
many other parent substances such as the amines and 
the alcohols, to hydrazine, hydroxylamine and their 
N-substituted derivatives, to hydrogen sulfide and to a 
large number of nonprotonic solvents. The principle 
of analogy is a useful one, but it cannot be applied 
indiscriminately. Profound differences are frequently 
observed. ‘These must be recognized and considered 
as inherently specific for the classes of compounds 
under discussion. 

Consideration of the nitrogen compounds of phos- 
phorus(V) and sulfur(VI) as ammono or as mixed aquo 
ammono derivatives well illustrates the three advantages 
just mentioned. It also becomes possible to compare 
the chemistry of the ammono and aquo ammono 
phosphorus(V) and sulfur(VI) compounds with re- 
actions which the ammono and aquo ammono carbonic 
acids, for example, urea, cyanamide, cyanic acid, 
melamine, cyanuric acid, and guanidine, have been 
found to undergo. The ammonia derivatives of 
carbonic acid have long been known and the chemistry 
of these substances has been developed in detail. 
Technologically, these substances have achieved im- 
portance as industrial chemicals. By contrast, the 
nitrogen derivatives of the phosphoric acids and of 
sulfuric acid are not so well known. They are, how- 
ever, slowly but surely eliciting the academic interest 
and industrial attention which they deserve. 

A detailed comparison of the corresponding carbon, 
phosphorus, and sulfur compounds does lead to a 
very interesting and important conclusion, namely, 
that the reactions of these ammono compounds depend 
to a large extent upon the attached amido- and imido- 
groups. .Here again, care must be exercised not to 
overextend such analogies. Due consideration must 
be given to variations in size, charge, and relative 
electronegativities of the respective elements and to 
bond strengths of the X—N linkages in the ammono 
compounds of carbon(IV), phosphorus(V), and sulfur- 
(VI). Trends are clearly recognizable. Yet to a 
large extent it is the chemistry of nitrogen which must 
be considered as of paramount importance, rather than 
the special properties of the respective central atoms. 


AMMONO AND AQUO AMMONO CARBONIC ACIDS (3) 


To emphasize the chemical relationships which are 
now being developed among the N derivatives of the 
P(V) and S(VI) compounds, respectively, it would 
seem desirable to review briefly the chemistry of the 
better known ammono and aquo ammono carbonic 
acids. These are represented diagrammatically in 
Figures 1 and 2. 

The generic relationships developed on the basis of 
the ammonia-water analogy and depicted in Figures 1 
and 2 have been verified experimentally. 


1. Reactions leading to the ammono compounds entail proc- 
esses of ammonolysis, ammonation, or deammonation. Thus, 
for instance, the action of ammonia on phosgene to give urea rep- 
resents an ammonolytic process. The addition of ammonia to 
carbon dioxide is an ammonation reaction; the treatment of urea 
with potassium hydroxide to release ammonia and form potas- 
sium cyanate can be regarded as a deammonation reaction. 


OH NH; NH; NH, 
ho + & 
\ \ 
H OH NH, 
HOCN H:NCN 
(HOCN), (H:NCN); 
Figure 1. The AquoA Carbonic Acids 
CO(OH)s >C0; 
NH; NH, 
C=NH — ——> HN(CN).2 — (CG;N,); 
NH, 
NH, 
C=NH [HN(CN)s]s 
(CNNH:)s 
Figure 2. The A Carbonic Acids and Their Deammonation 


(and Polymerization) Products 


2. All of the ammono and aquo ammono compounds react 
as acids in liquid ammonia, even though their chemical nature 
with respect to water as a solvent is quite varied. These sub- 
stances are therefore properly designated as ammono and aquo 
ammono carbonic acids. 

3. Many other reactions which these substances undergo are 
more characteristic of the attached nitrogen groups. In pre 
senting these type reactions it should again be emphasized that 
specific effects often alter the detailed nature of such reactions. 
Alternative reactions must also be considered; these sometimes 
occur preferentially. A few of the more common reactions are 
summarized in Table 1. 


TABLE 1 
Reactions of Ammono Acids 

Ammono acids: 

X—NH, + NH; ~ XNH- + NH,t+ 
N-alkylation: 

X—NHNa + RX — XNHR + NaX& 
Hydrolysis: 

Ht 
X—NH, + H.O X—OH + NH;-H* 


(the X—WN linkage is more stable in alkaline aqueous solution 
than in acidic media) 


Reaction with 
X—N H, + Cc 20 X—N(CH:0H), or X—N=CH; 
Reaction with nitrous acid: “8 
X—NH, + HONO — X—OH + N; + HO 
X—NH- + HONO — X—N(NO)- + H,0 
Deammonation: 


A H 
2[X—NH,] X—N—X + NH; 


N-chlorination: 
X—NH, + XNCI- + H,0 


Acylations: 


H 
X—NH, + RCOX (RSO2X, (RO),POX, ete.) X—NCOR, ete. 
Polymerization: 


+ [—X=N-1, 


It should be emphasized that similar reactions may 
be expected to characterize the behavior of the a:mmon? 
phosphoric and the ammono sulfuric acids, even though 
the confirmatory experimental evidence has ot yel 
been adduced in all instances. 
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THE AQUO AMMONO AND THE AMMONO PHOS- 
PHORIC AND POLYPHOSPHORIC ACIDS 


A purely formalistic scheme may be employed to 
represent the relationships which obtain among the 
“squo” phosphoric, polyphosphoric, and metaphos- 
phorie acids. The preparative methods which are 
employed to accomplish such aggregation reactions 
entail dehydration (molecular condensation) reactions. 
The structures of such “polymeric’’ products, derivable 
from orthophosphoric acid, can best be pictured and 
rationalized by emphasizing the tendency for P(V) to 
assume, With few exceptions, a tetrahedral configura- 
tion. The tetrahedral PO, unit is the structural 
entity in all phosphates, polyphosphates, and meta- 
phosphates. Corresponding ammono and aquo am- 
mono phosphates may also undergo aggregation by 
deammonation reactions leading to’ polyammono- 
phosphates, in which the tetrahedral configuration of 
phosphorus(V) is retained. These relationships are 
depicted in Figures 3 and 4. 

The relationships developed in Figures 3 and 4 
represent only the simplest aspects of the chemistry 
of these phosphorus-nitrogen com- 
pounds. Many of the N-substituted 
compounds, that is, derivatives in 


acids. The preparation of phosphorus oxytriamide (6) 
and the corresponding thiono derivative, PS(NH2)s, 
has been effected by the addition at low temperatures 
of the respective chlorides in chloroform solution to an 
excess of ammonia also dissolved in chloroform. 
Goehring (7) has improved the preparation of phos- 
phorus oxytriamide by operating at still lower tem- 
peratures using liquid ammonia. This substance 
undergoes hydrolysis in aqueous sodium hydroxide to 
give the monosodium salt of phosphorodiamidic acid. 
Exposure to a moist atmosphere results in the gradual 
formation of the diammonium salt of phosphoramidic 
acid. 

It is possible, although methods have not yet been 
worked out to do so, that these hydrolytic procedures 
for bringing about conversion of the triamide to the 
corresponding mono- and diamido- derivatives of 
phosphoric acid may supersede the older method for 
the preparation of both of these substances. Stokes 
(8) prepared these from the corresponding phenyl 
phosphorochloridates. Use of liquid ammonia to 
effect conversion of the chloridates to the corresponding 


NH, 


which the hydrogens of the amide 
or of the imide nitrogens are re- 
placed by organic groups, are better 
known. These have been discussed 
in exemplary fashion by Kosolapoff 
(4) in his outstanding treatise on 
“Organo- phosphorus Compounds.” 
No further reference will be made 
to such organo phosphorus-nitrogen 
compounds in the present discussion 
except to point out that a new sys- 
tem of nomenclature has been pro- 
posed and is now coming into general 
use. Monoamido- and diamidophos- 
phoric acids are thus more correctly 
designated in terms of the newer 
nomenclature as phosphoramidic and phosphorodiamidic 
acids. Although the simpler compounds can be named 
to conform with this system, it becomes a more diffi- 
cult task to name the compounds in which a bridge 
oxygen atom between two phosphorus atoms is re- 
placed by a bridge nitrogen linkage. 

The chemistry of the phosphorus-nitrogen com- 
pounds does require some thorough re-investigation 
and re-evaluation. Such investigations are now under- 
way by Klement and by Goehring and their students at 
Munich and Heidelberg, respectively. In this country, 
only a limited amount of work is underway in academic 
laboratories. Industrial producers and consumers of 
phosphate chemicals are, however, active in this field. 
Only the preliminary work of Quimby (5) has thus far 
seen the light of day in a scientific publication. Work 
on phosphorus-nitrogen compounds is also being 
carried out under the auspices of various military 
agencies with the objective of synthesizing and develop- 
Ing Inorganic polymers, elastomers, resins, adhesives, 
lubricants, and other materials to withstand high- 
temperature conditions. 

Klement has been particularly active in developing 
analogies between the aquo acids and the ammono 


O[ PO(OH):] 


or 
(HPO;),-H;PO, 


or 


(HPO; 
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Figure 3. The Aquo and Aquo Ammono Phosphoric Acids 
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phenylphosphoroamidates does have advantages over 
the use of aqueous ammonia or reaction with gaseous 
ammonia in some nonaqueous solvent (9). The 
amidates are but slightly soluble in liquid ammonia, 
whereas ammonium chloride is quite soluble. The 
phenoxy groups are subsequently removed by the 
action of concentrated alkali. The greater stability of 
the PN linkage in alkaline solutions is to be noted. 
The free acids can be prepared from the salts by ion 
exchange (1/0). The synthetic methods may be 
depicted diagrammatically as follows: 


C.H,OPOCI, 
POC, 


(CeH;O0)2POCI 
C.H;0 PO( NH»): 


liq. NH; 


NaOPO(NH:)? 
NaOH 


(CsH;0)2PON He Na,PO;NH2 

Thermal deammonation of PO(NH)); leads to a 
substance which is undoubtedly polymeric in character 
and which might be called a phosphorus (V) oxy-imide- 
amide. This same substance has presumably also 
been obtained by Goehring (1/1) by the action of 
POC]; upon a suspension of phosphorus oxytriamide 
in ether, followed by treatment of the intermediate 
product with liquid ammonia to effect complete 
ammonolysis and removal of ammonium chloride. 
Goehring presents an 8-membered ring structure for 
the resulting product in which the phosphorus atoms 
are linked together by imide groups. Complete de- 
ammonation of either phosphorus oxytriamide or of 
the imide amide leads to a highly polymeric substance, 
(PON),, whose structure has not yet been established. 
The phosphorus(V) oxynitride is so stable that fusion 
with alkali is necessary in order to bring about its 
decomposition. 

The phosphorus(V) oxytriamide can be made to 


undergo deammonation to the more highly condensed 
product, imido bisphosphoric diamide, by reaction with 
dry HCl in ether at temperatures below 0° (/2). 
At higher temperatures a greater quantity of dry 
hydrogen chloride is absorbed and condensation to 
compounds containing a higher phosphorus-nitrogen 
ratio is achieved. The exact compositions of these 
products have not yet been determined. Ammonoly- 
sis of pyrophosphory] chloride, P:O;Cl,, leads to the 
corresponding tetramide, P20;(NH2), (12, 13). 

It is well known that the mono- and dihydrogen 
orthophosphates undergo aggregation reactions at 
higher temperatures with formation of poly- and 
metaphosphates. Klement (/4) has shown that de- 
ammonation reactions, accompanied in some instances 
also by elimination of water, take place readily when 
the sodium salts of phosphoramidic and phosphoro- 
diamidic acids are decomposed thermally. The diso- 
dium salt of phosphoramidic acid undergoes deammo- 
nation to give the tetrasodium salt of imidodiphos- 
phoric acid. This particular sompound forms a 10- 
hydrate when recrystallized from aqueous solution and 
a tetrasilver salt which resembles the pyrophosphate. 
The free acid is presumably obtained in solution by 
use of a cation exchanger. 

Sodium phosphorodiamidate reacts with silver ion 
to give a pentasilver salt which must have the structure 
represented by the formula AgOPO(NAg»)s (15). The 
latter reacts with methyl iodide to give a product whose 
composition can be represented by the formula, 
AgOPO[N(CHs)e]2; dimethylamine is obtainable on 
hydrolysis. The sodium salt, when heated at 155° for 
some time, loses ammonia and is converted into a 
polymeric product which can be represented by the 
composition NasP;06(NH)2(NHe)2. Only the amido 
groups react with nitrite in the presence of perchloric 
acid, leaving the bridge imido groups intact. Such 


TABLE 2 
Reactions of the Ammono Phosphates 


NH;—CHCI; 


POCIl; ———_———> PO(NH:);;  PSCls—> PS(NHz); 


liq. NH; 


heat heat 
r—— [PO(NH)(NH:)], ———> (PON), 


POCI; 


NaOH 


ether, 
—15° 


liq. NH; 
P.03,(NH2) 


NH; 


+ 


NaPO.(NH2), 
L——§NH [PO(NH2)s]2 


NaNO:, 


——— [NaPO,NH], (insol.) 


NH; 
product ———> [PO(NH)(NH)], 
(NH,)2PO;NH: 


Ag Mel 
AgOPO(NAg:)2 ———> AgOPO(NMez)2 


NaPO.(NHz2)2 [155° 


230° (vac.) 


[NaPO.(NH)]. 


O O 
—- NH.—P—NH—P—NH—P—NH: ———> 
O O O HClO, 
Na Na 


NaNO, Ag+ 


Na 


+ 


heat 
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treatment gives a product from which an insoluble 
silver salt corresponding to the formula AgsP;0.(NH)- 
ean be obtained. This would correspond to a di-imido 
triphosphoric acid derivative. At still higher tempera- 
tures and after long heating in vacuum at 230°, the 
sodium phosphorodiamidate undergoes further de- 
ammonation to give a product whose composition can 
be represented by the formula [NaPO.(NH)],. This 
js certainly a sodium ammono metaphosphate. It 
dissolves slowly in water to give a viscous solution. 
A product of the same composition, obtained by action 
of nitrous acid on phosphorus(V) oxy imide amide, is 
insoluble in water and presumably even more highly 
polymeric. 

In all of this work with the ammono phosphates and 
ammono poly- and metaphosphates, existence of higher 
molecular weight polyanionic species seems to have 
been fairly well established by employment of both 
chromatographic procedures and ion exchange methods. 
Indeed, if these two experimental procedures had not 
been used, a question might still be raised concerning 
the nature of the very unusual products obtained as a 
result of both hydrolytic cleavage of phosphorus- 
nitrogen compounds and their high-temperature de- 
ammonation reactions. Some of the more important 
chemical reactions described above, dealing with the 
ammono phosphoric acids, are summarized in Table 2. 


THE PHOSPHONITRILIC COMPOUNDS (16) 


The phosphonitrilic halides and their derivatives 
represent one of the most unusual classes of inorganic 


| compounds that have ever been isolated. Preparation 


of the phosphonitrilic chlorides entails the partial 
ammonolysis of phosphorus pentachloride by ammonium 
chloride, either in an appropriate solvent or by direct 
interaction at temperatures above 130°. Symmetrical 
tetrachlorethane has usually been employed, although 
other solvents like orthodichlorobenzene may also be 
used. Complete ammonolysis of phosphorus penta- 
chloride leads to the phosphonitrilamides. The phos- 
phonitrilic bromides have been made by a similar 
reaction between phosphorus pentabromide and am- 
monium bromide. It is only recently that the prepara- 
tion of the phosphonitrilic fluorides has been effected 
by interaction of the chlorides with potassium fluosul- 
finate at 125°C. (17). 

The partial ammonolysis of the pentachloride (or 
pentabromide) leads to a series of polyhomologous com- 
pounds with the empirical formula PNX:. The 
reaction product consists of two crystalline poly- 
homologs, the trimer and the tetramer, and a mixture 
of higher polyhomologs for which the value x in 
(PNX:), varies from 5-7. Reference will be made 
later to the structures of these substances. 

In view of the fact that the attached chlorine (or 
bromine) atoms in the phosphonitrilic structures are 
still quite reactive it is possible to further effect either 
partial or complete solvolysis. The action of water, 
ammonia, amines, and alcohols leads usually to partially 
solvolyzed phosphonitrilic derivatives, suchas P;N;Cl.X2 
where X = OH, NH2, NHR, NR, or OR. With 
some amines completely solvolyzed N-substituted 
derivatives can be obtained. In some instances, use 
of an ulkali metal derivative of the solvolytic agent 
can quickly effect the complete replacement of the 
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active halogens, as for instance, when the PNCl, 
trimer and the sodium alcoholates react in the respec- 
tive alcohol as the solvent (18). 

The phosphonitrilic halides can also be subjected to 
action of Grignard reagents, in which the active 
halogens are partially or completely replaced by aro- 
matic groups. In the presence of aluminum chloride 
it is possible also to carry out a Friedel-Craft type 
reaction which apparently goes no further than to form 
a diphenyl or ditolyl derivative in the case of the 
trimer (19, 20). The situation is quite interesting in 
the case of the tetrameric form of PNCl. Here the 
action of Grignard reagent results in the replacement 
of four or eight of the chlorine atoms of the tetramer. 
Two isomers of the compound in which only four of the 
chlorine atoms have been replaced have been prepared 
(21). It is also claimed that two isomeric forms of the 
completely phenylated derivative have been synthesized 
although no satisfactory explanation for the observed 
differences has been presented. It is conceivable that 
these correspond to a chair and a boat form of the 
tetramer. 

The chlorine atoms on the phosphonitrilic chlorides 
are replaced in pair-wise fashion. This has been 
substantiated by subjecting either incompletely or 
completely phenylated derivatives to hydrolysis; di- 
phenylphosphinic acid is obtained (20). 

Careful hydrolysis of both the trimer and the 
tetramer leads to the metaphosphimic acids, in which 
the ring structures are retained. These phosphonitrilic 
acids are, however, quite unstable and susceptible to 
further hydrolytic or solvolytic cleavage. Stokes, 
who first investigated these compounds, claimed that 
hydrolytic cleavage of these ring structures resulted in 
the formation of polyammono phosphoric acids in 
which the phosphorus atoms were connected through 
imido bridges. Quimby and co-workers (4) have 
more recently studied this whole phenomenon and, on 
the basis of chromatographic studies of such hydrolysis 
products, have come to the conclusion that the principal 
reactions entail stepwise replacement of nitrogen 
atoms in the cyclic phosphonitrilic derivatives by 
oxygen. This process undoubtedly involves hydration 
and ring opening followed by ring closure with the 
elimination of ammonia. 

That the nitrogen atoms of the phosphonitrilic 
compounds still possess definitely basic character would 
seem to be evidenced by the fact that the trimer of 
PNCIl, is capable of adding three molecules of sulfur 
trioxide in what might be looked upon as a typical 
Lewis acid-base reaction (22). The trimer is soluble 
in glacial acetic acid and will react with perchloric 
acid to precipitate an acetic acid insoluble perchlorate 
salt, with the formula P;N;Clx.HCI1O, (23). 

It was Stokes (24), working at Johns Hopkins 
University just before the turn of the century, who 
discovered that the products which he obtained by the 
interaction of PCl; and ammonium chloride are capable 
of undergoing polymerization. He found that the 
trimer and the tetramer, as well as the oily poly- 
homologs, could, by heating to temperatures above 
300°, be converted into a rubber-like material which he 
called “the inorganic rubber.” Many investigations 
have been carried out since that time to study further 
this amazing polymerization process.. The “inorganic 
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rubber” has all of the physical characteristics of 
ordinary rubber. Unfortunately, it also has some of 
the physical characteristics of plastic sulfur, since 
like the latter it reverts on standing to the more stable 
crystalline trimer and tetramer as well as the lower 
oily polyhomologs. It is for this reason that the 
conditions leading to the polymerization of the phos- 
phonitrilic halides and of their solvolytic products 
have been subjected to intensive investigation, especial- 
ly since our last review on this subject was published 
in 1942 (16). In an effort to stabilize such polymeric 
substances against reversion and hydrolysis, attempts 
have been made to replace by solvolytic action the 
active chlorine atoms in the polymerized product, but 
all such efforts have thus far proved to be of no avail. 
Attempts have also been made to polymerize the com- 
‘pletely solvolyzed products, but the polymerization 
products thus far obtained do not possess elastomeric 
characteristics. Polymerization of partially phenylated 
and solvolyzed products can also be made to take place, 
but again, the resulting products do not possess the de- 
sired characteristics of the polymers obtained from the 
phosphonitrilic fluorides, chlorides, and bromides. 

The structures of the trimer and tetramer have been 
fairly well established and have been shown by both 
physical and chemical structure studies to consist of 
6- and 8-membered phosphorus-nitrogen rings, respec- 
tively. There is no question but that these 6- and 8- 
membered rings can be represented by a number of 
resonance structures and that the PN linkage possesses 
partial double-bond character. The trimeric phos- 
phonitrilic ring is therefore benzene-like in behavior, 
as evidenced by the fact that such substances can 
undergo typical Friedel-Craft reactions (20), and also 
reaction with Grignard reagents. 

Less well defined are the structures of the lower 
polyhomologs, with a degree of polymerization repre- 
sented by 5 to 7 PNX; units. These polymerize much 
more readily. There is a sharp change in physical 
properties in going from the crystalline trimer and 
tetramer to these higher polyhomologs. We had 
suggested (16) that these higher polyhomologs could 
be depicted as chain structures, but recognized that 
such a suggestion is perhaps not too tenable. Such 
chain structures would represent unsaturated, perhaps 
radical-type, compounds. It has been proposed more 
recently that the higher polyhomologs are condensed 
trimeric or tetrameric rings (25), but it is difficult to 
depict such structures or to reconcile the more ready 
polymerizability of the higher polyhomologs with 
condensed ring structures. 

In 1942 (16) we proposed that polymerization of the 
trimer and tetramer entailed initial opening up of the 
ring and that the subsequent thermal aggregation 
reaction could be looked upon as a typical vinyl poly- 
merization. This concept seems to bave been sub- 
stantiated more recently by German workers who 
have undertaken to study both bulk and homogeneous 
polymerization of the trimer and the tetramer (26). 
In has been found that oxygen is absolutely necessary 
in order. to effect polymerization. This suggests 
that the oxygen serves as the initiator in activating the 
PNC\k, molecules to bring about initial ring rupture and 
that polymerization then proceeds to give high molecular 
weight products through a radical mechanism. 


SULFUR-NITROGEN COMPOUNDS (27) 


Some years ago we showed (27) that the inter. 
relationships between sulfuric acid and compounds 
like sulfamic acid and sulfamide and their deammvona- 
tion products could be represented by a scheme very 
similar to that proposed by Franklin for the ammono 
and mixed aquo ammono carbonic acids. Consider:ble 
interest has been manifested since that time in develop- 
ing further the chemistry of the mixed aquo ammono 
sulfuric acids. Sulfamic acid and its derivatives have 
achieved considerable technical importance. The free 
acid and some of its salts are produced in substaittial 
quantities. Sulfamic acid is a nonhydroscopic crystal- 
line solid which dissolves in water to give a strongly 
acid solution. Its use as a primary acidimetric 
standard has found fairly wide application. Sulfamic 
acid and the sulfamate ion have been found to undergo 
practically all of the reactions which are listed in 
Table 2 as characteristic of compounds containing an 
attached amido group. It is a dibasic acid in liquid 
ammonia; it undergoes N-alkylation in liquid ammo- 
nia; it reacts with nitrous and nitric acids to give nitro- 
gen and nitrous oxide, respectively, but at different iem- 


NH, NH, 


S0.(OH) —— SO, 
OH NH; 


HN(SO.0H), NH(SO.NH2): 
an 
(SO.NH), 


N(SO;H); 


8.0;(OH). 8.0;(N 
Figure 5. The Aquo Ammono Sulfuric Acids 


peratures, thus permitting differentiation between 
these two anions, both qualitatively and quantitatively; 
N-chlorination yields an N-chlorosulfamate; deam- 
monation of some of its salts leads to imidodisulfates. 
N-substituted organic derivatives of both sulfamic 
acid and of sulfamide are easily prepared. Of current 
interest is the fact that the sweetening agent known 
as Sucaryl is an N-cyclohexy] sulfamate (28). 
Additional studies have been carried out to character- 
ize more definitely the reaction between SO; and am- 
monia under various circumstances. Sulfur trioxide 
and ammonia react in the vapor state to give largely 
the ammonium salts of imidodisulfuric acid and 
nitridotrisulfuric acid. Some sulfamate is also formed. 
The quantity of sulfamate is increased if sulfur tn- 
oxide adducts with various ethers and tertiary amines 
are allowed to react with ammonia at lower tempera- 
tures. The sulfonating action of SO; is reduced by 
coordination. It had originally been shown by Sisler 
and Audrieth (29) and verified more recently by Appel 


' (80) that the ratio of ammonium sulfamate to imidodi- 


sulfate formed when such adducts react with liquid 
ammonia is a function of the basicity of the electron 
pair donor, that is, decreases in the order: — trimethyl- 
amine > pyridine > dioxane > sulfur (in the disulfur 
trioxide polymer, (S,0;),). Among the indicate: sub- 
stances, the largest quantity of sulfamate per mole of 
SO; is obtained from the trimethylamine and pyridine 
adducts, whereas only negligible quantities ave ob- 
tained when the compound (8.03), (32) is subjected to 
the action of liquid ammonia. 
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In view of the fact that sulfamic acid and its salts 
under no conditions have been found to add on sulfur 
trioxide to give the imidodisulfate, it is assumed that 
the principal reaction involves addition of SO; to the 
amide ion in those instances where the imidodisulfate 
is formed, even though the concentration of amide ion 
in liquid ammonia under these circumstances is very, 
very small (30). This suggestion still leaves in doubt 
the mechanism of the gas phase reaction between SO; 
and ammonia. 

If the reaction between SO; and ammonia is carried 
out in nitromethane as a solvent, there is obtained a 
precipitate of ammonium trisulfate. The resulting 
solution contains both trimeric and tetrameric sul- 
fimide (32). Here it must be assumed that a con- 
densation reaction has occurred, leading to mono- 
meric sulfimide which then polymerizes to give the 
trimer and tetramer, together with variable quantities 
of a sulfonated chain product that can be represented 
by the formula HO;S-(NHSO,),—OH. Separation of 
the 6- and 8-membered sulfimide ring compounds is 
accomplished by utilizing differences in the solubilities 
of the corresponding silver salts. These can be 
alkylated to give the N-substituted derivatives, whose 
molecular weights correspond to the indicated states 
of polymerization. 

Sulfamide, the urea analog in the sulfur(VI) series, 
also undergoes many of the reactions listed in Table 2. 
Deammonation results in the formation of imidodi- 
sulfamide (33) and of trimeric sulfimide (34). Although 
it has been claimed that sulfamide can be made by 
the direct interaction of sulfur trioxide and ammonia 
at higher temperatures, efforts to repeat this work 
have not been successful. The usual preparative 
method entails the reaction of sulfuryl chloride, diluted 
with petroleum ether or some other inert solvent, 


with liquid ammonia at low temperatures. This 
particular reaction has been studied in detail by 
Goehring (35), and has been shown to yield two 
primary products, namely, sulfamide and imidodi- 
sulfamide. The latter can be subjected to hydrolysis 
to give additional quantities of sulfamide plus sul- 
famic acid. According to Goehring, no higher poly- 
sulfamides are obtained as claimed by Ephraim and 
Michel (36). A mechanism has been formulated for 
this reaction based on the assumption that sulfury] 
chloride ionizes to a limited extent to give the positively 
charged SO.Cl+ ion; the latter, with an electronic 
configuration much like that of monomeric sulfur 
trioxide, adds the amide ion to give an intermediate 
which undergoes dehydrohalogenation to form a 
product that can be represented by the formula, 
HOSON, or as monomeric sulfimide, SO;NH. In the 
presence of excess ammonia the monomer ammoniates 
to sulfamide. Alternatively, this reaction can be 
looked upon as a typical nucleophylic displacement 
reaction proceeding stepwise through sulfamy! chloride 
to sulfimide and then sulfamide. 

Recent work by Kirsanov (37) has shown that the 
product obtained by Ephraim (38) many years ago 
from sulfamic acid and PC), is a trichlorophosphazo- 
sulfonyl chloride, Cl;P==NSO.Cl, m.p. 23°. The 
initial reaction product undergoes decomposition with 
loss of POC); at temperatures over 118°C. to give the 
trimer of sulfanuric chloride, (NSOCI);. An alterna- 
tive procedure for preparing this same material has 
been developed by Goehring and her co-workers (36), 
entailing the reaction of a 2 to 1 molar mixture of 
sulfuryl chloride and thionyl chloride in petroleum 
ether with ammonia. The two acid halides are always 
present in excess; the reaction is carried out at very 
low temperatures. Sulfanuric chloride is obtained 
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T. 
Reactions of the Aquo 


Ammono Sulfuric Acids 


gas phase 
N(SO;NH,)s, HN(SO;NH,)2 


SO; + NH; 


0° 


+ (SO;NH);.4 + HSO(SO,.NH),OH 


R-SO; + NH; NH,SO;NH:, 


liq. 
SO.Cl, 80.(NH2)2 + 


L———+ §0.(NH:). + NH.SO;H 
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NH; 


O NH; 
§0,Cl+ + Cl- ———> [ | — [HOSON] ——— SO0O.(NH:)- 


SO.Cl, (2) } in pet ether + NH; 
SOC}, (1) 
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PCI; 
NH.SO;H ———> CISO.N=PCl; 
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NNaOH 
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'180°-200 
(SO,NH); 
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RN(SO.NH2), 
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Tetrasulfimide Sulfanuric chloride 


Figure 6. Structural Formulas of Some Cyclic Derivatives of the Aquo 
Ammono Sulfuric Acids (Compared with Trimeric Sulfur Trioxide) 


from the product mixture directly in this process. 
The reaction mechanism presumably entails the inter- 
mediate formation of sulfimide and its chlorination by 
thionyl chloride. Sulfanuric chloride is an extraor- 
dinarily interesting substance. It sublimes quite 
readily and has a melting point of about 144°C. 
Depending upon conditions, hydrolysis gives the 
expected products, namely, sulfamide, imidodisul- 
famide and sulfate. 

The close similarity between urea and sulfamide 
becomes evident in many of the reactions which the 
latter undergoes. Condensation with formaldehyde 
yields methylol derivatives, which are capable of 
polymerization in much the same way that the urea- 
formaldehyde resins have been produced. An interest- 
ing side product is a compound known as tetramethyl- 
ene disulfonitramine (39) which is presumed to have a 
structure very much like that of hexamethylenetetra- 
mine. This substance is extraordinarily toxic and has 
found some use as a rodenticide. 

An amide of disulfuric acid, 8:0;(NH2)2, has been 
prepared by treatment of the chloride with ammonia 
(40). 

Some of the reactions which have been discussed 
above and which have represented the extensions of 
the chemistry of the aquo ammono sulfuric acids 
since the publication of our review some years ago are 
presented in Table 3. 


TETRASULFUR TETRANITRIDE AND RELATED 
SULFUR-NITROGEN COMPOUNDS (41) 


In both the phosphorus(V) and sulfur(VI) com- 
pounds, the important structural unit among the aquo 
and the ammono compounds, is a tetrahedral building 
block. Such a unit does not, however, characterize 
the structures of one of the most unusual groups of 
substances which include tetrasulfur tetranitride and 
elemental rhombic sulfur. The structural relation- 
ships between N,S,, depicted as an 8-membered ring 
containing alternate sulfur and nitrogen atoms, and 
tetrasulfur tetrimide, heptasulfimide and elemental 
sulfur are given in Figure 7. The trithiazyl com- 
pounds depicted as 6-membered rings with alternate 
sulfur and nitrogen atoms are also included in this 
discussion. 

The work of Mewsen and Goehring and their students 
has done a great deal to advance our knowledge con- 
cerning the chemistry of tetrasulfur tetranitride. 


Figure 7. Tetrasulfur Tetranitride and Related Compounds. 
(I) Tetrasulfur tetranitride; (II) tetrasulfur tetrimide; (IIT) trithiazy| 
trichloride; (IV) sulfur; (V) heptasulfurimide. 


This substance has long been known. Its formation 
can be accomplished by the action of ammonia upon 
the various chlorides of sulfur and by the interaction 
of sulfur and liquid ammonia. No one has yet de 
veloped a satisfactory mechanism to account for 
either one of these very unusual reactions. 

The monomeric form of NS, is unknown. One 
might theoretically compare such a monomer with 
nitric oxide, yet a profound difference arises immediately 
from a consideration of the relative electronegativities 
of the constituents in thionitrosyl and in nitric oxide. 
Nitrogen is the more electronegative component. in 
the sulfur compound. The unknown monomeric 
form could be represented by a number of the resonance 
forms (see Figure 8). Nitric oxide exhibits a tendency 
to lose electrons to form the positively charged nitrosy| 

iS=N<—>|[S=N. <> = 


(A) (B) 


=N — [S=N—S—N 


(C) (D) 


Polymerization of — (SN). or SiN, 
Mechanism: (1) coordination (D); (2) ionic (C); (3) radical 
1,4-addition. 


Figure 8. Tetrasulfur Tetranitride, SiN, 


ion, which is isosteric with elemental nitrogen and the 
cyanide group. Nitric oxide does not readily suffer 
electron reduction to form an NO@ species, although 
this point has not yet been clarified completely 
view of the reaction between elemental sodiuin and 
nitric oxide in liquid ammonia. Dimerization o 
nitric oxide occurs with formation of a nitrogen 
nitrogen linkage. It is this particular species which 
is then capable of 2-electron addition, perhaps 4 
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1,4-electron addition reaction, to produce the electron- 
ically saturated hyponitrite ion. Because of the 
greater electronegativity of nitrogen in the hypo- 
thetical NS monomer, there would appear to be a 
greater tendency to form a negative group by electron 
addition, than the positively charged species. There 
js some evidence, however, that a positive S=N 
species does exist as an intermediate, especially since 
trithiazyl chloride, (NSCl)3, is obtained by the direct 
chlorination of N.S,. 

If N.S, is heated carefully in the vapor state and the 
reaction products chilled immediately, there is obtained 
the dimer, N.S: (42). This substance, when allowed 
to stand in a vacuum, slowly goes over to a bronze 
colored compound which is insoluble in all ordinary 
solvents and which presumably can be represented as 
ahigh polymer of sulfur nitride, (NS),. In the presence 
of moisture or alkali, N.S. tends to stabilize itself by 
formaticn largely of the tetramer, tetrasulfur tetra- 
nitride. 

Speculation and consideration of the peculiarities of 
the various thiazyl compounds have led us to attempt 
explanation of the observed phenomena in terms of the 
structures of the monomer, as well as the cyclic and 
polymeric forms. Reference has already been made to 
the fact that nitrogen is the more electronegative 
constituent with respect to sulfur in these compounds. 
Consequently, certain differences may be expected 
between NO and a hypothetical NS. 

The structure of monomeric thionitrosyl can be 
represented by a typical 3-electron bond configuration, 
as in the case of nitric oxide. Symmetry can be 
achieved by loss of an electron to give a positive 
thiazyl species, such as undoubtedly exists in the 
trithiazyl compounds, or by electron addition to give 
a negatively charged species. The hypothetical mono- 
mer itself can be represented by two radical structures, 
(A) and (B). (See Figure 8.) If such radicals are 
assumed to be capable of existence, then neither a 
nitrogen-nitrogen nor a sulfur-sulfur bond is formed. 
The aggregation process entails a head-to-tail poly- 
merization and leads to the structures given in Figure 8 
for the dimer, the tetramer, and the chain polymer of 
sulfur nitride. 

The dimeric configuration with its “diene” structure 
reminds one immediately of butadiene. The tendency 
for the dimer to cyclize to the tetramer or to a chain 


SCls,4 + NH; 


molecule would appear to resemble reactions which 
butadiene undergoes. Polymerization of butadiene is 
believed to involve either an ionic or a radical type 
mechanism and may entail either 1-2 or 1+ addition. 
If polymerization entails essentially activation of the 
dimer by, let us say, molecular oxygen or by some other 
radical initiator, the mechanism proposed by Goehring 
for disulfur dinitride seems plausible, even though the 
experimental evidence has not yet been adduced. 
Dimerization of sulfur nitride would appear to entail 
a 1 addition on the part of two activated NS, mole- 
cules. The activated form can be considered as a 
radical former with a shift in the double bonds from 
1,3 positions to the 2 position. Consideration of this 
mechanism leads to justification of the assumptions 
that Goehring and her co-workers have made with 
respect to the average oxidation number of 3 for sulfur 
as determined chemically. An ionic or a coordination 
polymerization mechanism can also be postulated. 
Mesomeric shifts and resonance structures must be 
assumed since the sulfur-nitrogen bond linkages are 
the same throughout the molecule. (1.62 A.; cal- 
culated for N—S, 1.74 A.; for N=S, 1.54 A.). 

There is no question but that the chlorination of 
NS, to give the trithiazyl chloride must proceed by 
way of a thionitrosyl radical. However, S,N, can be 
reformed by the interaction of the tetrimide, S,N«H,, 
with trithiazy] trichloride in pyridine (43). Certainly 
there is plenty of evidence, therefore, from these 
rather unusual reactions, that the mechanisms whereby 
these processes take place involve moncmeric units, 
whether these be SNC], SNH, or SN groups. Tetra- 
sulfur tetranitride can be reduced to the corresponding 
tetrimide by the action of stannous chloride in benzene. 

It is interesting to point out that N.S, is soluble in 
ammonia and yields, on evaporation of the liquid 
ammonia solution, an ammoniate, S.Ne.NH; (44), 
which is identical with the ammoniate obtained by 
Ruff many years ago from a solution of N.S, in 
liquid ammonia. Careful deammonation at room 
temperature in high vacuum leads to the dimer of 
thionitrosy]. 

Most unusual are the reactions of the ammoniated 
product, S:N2.NH;, with various metallic ions in 
liquid ammonia (45). Thus, for instance, with lead 
ion the corresponding lead(II) salt for sulfimide is 
obtained, but with mercuric ion a product with the 


8S + liq. NH; 


S:N:-NH; = S.N, 


SNH, S(NH). 


in 


—>Pb(NS): 
— > Ag( NS): 
‘u * 

—>Cu(NS8): 

Ti+ 

—>TK(NS): 

K + 
\—»KNS+K:NSN 


S.N.H, SiN: 
Cut 
CuNS), 


Ag Etl 
—>(AgNS), —>(EtNS), 
Hgt + 
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——— Pt(NS), 
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Figure 9. Some Reactions of Tetrasulfur Tetranitride 
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composition HgN:S is obtained. This suggests that 
NS: could be looked upon as a mixed anammonide of 
both ammono sulfurous and ammono sulfoxylic acids. 
Even though these reactions occur in liquid ammonia, 
it seems to have been fairly well established that the 
product N:S»2 is the source of both of these ammono 
acids and that N.S, is not a mixture of the two. If 
trithiazyl chloride is subjected to ammonolysis in 
liquid ammonia, presumably to give the corresponding 
amide, [SN(NH))];, the resulting solution then reacts 
with mercuric ion to give the compound with the 
composition HgN.S (46). It does not yet seem to have 
been established whether ammonolysis leads to a tri- 
thiazyl triamide or its moncmer. 

It should be pointed out here that there is a distinct 
relationship and perhaps analogy between these 
divalent and tetravalent sulfur-nitrogen compounds 
and the corresponding divalent and tetravalent carbon- 
nitrogen compounds. The compound HNS is a 
nitrogen analog of sulfur monoxide, just as HNC can 
be considered the imide of carbon monoxide. Even 
though the sulfur(IV) compound is usually represented 
as a sulfur(IV) diimide, it is entirely conceivable that it 
could be better represented as the cyanamide analog 
of the sulfur systems and therefore be written as 
H.NSN. Whether such a thiazyl amide is a monomer 
and/or a trimer might again be considered from this 
point of view siace the ammonolysis of cyanuric 
chloride leads to melamine without reversion to a 
monomeric structure. The probable analogy between 
an S=N and the C=N groups in the monomeric 
thiazyl and cyanogen compounds would appear worthy 
of consideration. Such monomeric radicals are stable 
among the carbon compounds; they are apparently 
not stable among the phosphonitrilic, P=N, cr thiazyl 
S=N, compounds. Methods of preparation and re- 
actions suggest a more highly polymeric structure for 
the cyanamide analog in the sulfur-nitrogen series. 

Further study of this whole group of substances has 
led to the preparation of the so-called thionitrosylates 
(47). The reaction of disulfur dinitride in liquid 
ammonia with metallic ions of lower oxidation state 
leads, by a mechanism which has not yet been deter- 
mined, to the formation of thionitrosylates of the 
elements in a higher valence state. Thus, thallium(I) 
is converted to a thallium(III) derivative, TI(NS)s3; 
silver ions to Ag(NS)2; copper(I) to Cu(NS)2. The 
simple univalent salts of both copper and silver are 
obtained by the interaction of the tetrimide, S,N.H,, 
with the respective metallic ions. That these com- 
pounds contain a metal-nitrogen linkage has been 
verified by reaction of the silver salt with ethyl iodide 
and the formation of the corresponding alkyl com- 
pound, (C:H;NS)«. 

However, other thionitrosylates are made by a 
variety of reactions, such as the displacement of 
carbon monoxide in the dicobalt octacarbonyl, by 
S.N, in benzene solution, or the formation of the 
corresponding compound, Ni(NS)., by the same re- 
action. The cobalt derivative is paramagnetic, where- 
as the nickel compound is diamagnetic. After much 
speculation it has now been shown that the structures 
actually entail coordination of NS: units. Both the 
dimer of thionitrosy] and its ammoniate react with the 
carbonyls to give the same compounds. 


One of the byproducts of the reaction between the 
sulfur chlorides and ammonia, where the reaction js 
carried out by the addition of ammonia to an excess of 
sulfur chlorides, is a most unusua] compound known as 
heptasulfurimide,S;NH. Tetrasulfur tetranitride, sul- 
fur and ammonium chloride are obtained in more 
substantial quantities. Heptasulfurimide has _prop- 
erties which are almost identical with those of su!fur, 
It melts at 113°; if heated for a longer time above its 
melting point some ammonia is lost and a deep red 
melt is formed. Its structure has been compared with 
that of both the tetrimide and sulfur. It certainly 
resembles sulfur in its solubility behaviors. It is not 
wet or dissolved by water and it is soluble in many 
organic solvents, such as benzene, xylene, and carbon 
tetrachloride. It can be recrystallized from acetone 
by cooling the saturated solution to —80°. In its 
absorption spectrum it resembles both sulfur and the 
tetrimide. The area of absorption is shifted to shorter 
wave lengths. What is most unusual, however, js 
that heptasulfurimide contains an active hydrogen in 
the imide group which makes the parent compound 
susceptible to acetylation, benzoylation, formylation, 
and even sulfonation. (48, 49, 50) 
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REACTIONS IN LIQUID DINITROGEN 


TETROXIDE’ 


Because of its convenient physical constants (melting 
point, —12.3°C., boiling point, 21.3°C.), its ease of prep- 
aration and purification, as well as its very interesting 
chemical characteristics, dinitrogen tetroxide has, dur- 
ing the past quarter-century, been the subject of con- 
siderable study as a solvent medium for chemical reac- 
tions, and as a reactant in the liquid phase. Much of 
the pioneering work in the use of this substance as a 
solvent has been done by Addison and his co-workers 
(1). During recent years a number of studies in this 
field have been carried out in the author’s laboratory 
(2,3, 4, 5, 6, 7). 

The character of dinitrogen tetroxide as a solvent 
medium is largely determined by the following factors: 
(a) its low dielectric constant (2.42 at 18°C.) which 
prevents it from acting as a good ionizing solvent, (b) 
the various dissociation equilibria into which it enters, 
(c) its ability to act as a Lewis acid and thus to form 
addition compounds with donor molecules, and (d) its 
oxidizing properties. 

Dissociation Equilibria. The equilibrium N:O— 
2NO: in the liquid and gaseous states is well known. 
Since NO» is an odd molecule and is intensely colored, 
this equilibrium has been studied magnetically, spectro- 
photometrically as well as tensimetrically. In the 


‘Presented as part of the Symposium on Recent Advances in 
the Chemistry of Inorganic Nitrogen Compounds before the 
Division of Chemical Education at the 131st Meeting of the 
American Chemical Society, Miami, April, 1957. 
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pure, liquid state at atmospheric pressure, dinitrogen 
tetroxide is composed of more than 99% of the species 
(8, 9). 

Though, as evidenced by its exceedingly low electrical 
conductance (1.3 X 10-*? mho at 17°C.), autoionization 
of this solvent is exceedingly small, the existence of the 
equilibrium NO, = NO+ + NOQ;~ has been definitely 
established (10). The equilibrium N20, = NCQ.+ + 
NO,~ has also been postulated, but very little real evi- 
dence for it seems to have been obtained. 

Structure of the N:O, Molecule. The molecular struc- 
ture of the dinitrogen tetroxide molecule was for many 
years the object of considerable scientific discussion and 
argument. This argument has been resolved by Broad- 
ley and Robertson (1/1) who studied crystalline dinitro- 
gen tetroxide by the method of X-ray diffraction. 
Their results indicate the following coplanar structure: 


1.17 A. 


H N——N ) <— 126° 

1.64 A. 


It should be noted that the N—N distance (1.64 A.) is 
considerably longer than the normal N—N distance in a 


2.09 A.—> 


molecule such as hydrazine. Smith and Hedberg (/2) 
recently published the following analogous coplanar 
structure for the gaseous phase. 


‘ 
q 
‘ 
1955 
a 
: 
| 
| 
| | 


1.180 A. 
\ 


N <— 133.7° 


A. 


We may account for these structures in terms of a reso- 
nance hybrid of such bond structures as the following: 


0 
2.170 A. —> 


N+. Nt 


DINITROGEN TETROXIDE AS THE BASIS FOR A 
SOLVENT SYSTEM 


Addison and his co-workers (/) have studied a number 
of reactions in liquid dinitrogen tetroxide from the point 
of view that dinitrogen tetroxide is the parent solvent 
for a “system of compounds” analogous to the “am- 
monia system” or the “water system.” 

Thus the dissociation equilibrium mentioned above, 
N:0,=—NO + NO;~, was considered to be analogous to 
the autoionization reactions known or postulated for 
various other solvents. For example, 


2H,0 = H;O+ + OH- 
2NH; = NH,+ + 
280: —SO*+ + 


According to this idea, substances furnishing the NO+ 
group would be “solvo” acids in dinitrogen tetroxide and 
substances furnishing NO*- ions would be “solvo” 
bases. Such substances as NOC] and NOBr should 
behave as solvo acids and the nitrates, e.g., [Et2NH:] 
NO; should act as solvo bases. The low dielectric con- 
stant of dinitrogen tetroxide does not favor ionic re- 
actions. However, a solution of NOCI in liquid dinitro- 
gen tetroxide reacts with solid silver nitrate in accord- 
ance with the following equation: 


liq. 
+ AgNOss) No. AgCl) + N20. 


This reaction would be a typical neutralization reaction 
analogous to the following reactions from the water and 
ammonia systems: 


H,0 

(H;0)Cl + NaOH —> NaCl + 2H,0 
liq. 

(NH,)Cl + KCl + 2NH; 
3 


A number of solvolytic reactions in liquid dinitrogen 
tetroxide have been investigated. Thus the salt diethyl 
ammonium chloride undergoes solvolysis in accordance 
with the following equation: 


[EtzNH2]Cl + NOCI + NO; 


The general type reaction MCI] + N20, + 
MNO; is fully reversible in liquid dinitrogen tetroxide 
depending upon the solubility of MCI in the system, and 
the removal of NOCI from the system. The process for 
preparing NOC] from potassium chloride is in some 
ways analogous. In this process gaseous dinitrogen 
tetroxide is passed through a column of potassium 
chloride moistened with a trace of water. The following 
reaction occurs: 


KCleotigntiy moist) + N2O«e) > + 


Very active metals react with liquid dinitrogen te 
troxide in a manner analogous to their reactions wit) 
water. 


Mw + NO + MNO; (M = alkali meta) 
Mo) + '/2H: + MOH 


Just as the addition of hydrogen chloride to water ip. 
creases its reactivity toward metals so also does the ad. 
dition of NOC] to liquid dinitrogen tetroxide incre::se its 
reactivity toward metals. Thus, metals such as zine 
iron, and tin react with solutions of NOC] in liquid dini. 
trogen tetroxide as follows. 


liq. 
Me) + 2NOCI mat MCI, + 2NO (M = Zn, Fe, Sn, ete.) 
4 


analogous to 


H,0 
Me) + 2HCl —> MCI + 


Amphoteric metals such as zinc behave toward liquid 
dinitrogen tetroxide solutions in a manner analogous to 
their behavior toward aqueous acids and bases. Thus 
zinc metal reacts only very slowly with liquid dinitrogen 
tetroxide. However, zinc reacts rapidly with solutions 
of NOCI (see above) or [Etz2NH2] NQ; in this solvent. 


Zn + + 
+ 2N0 
Diethy] ammonium 
nitratozincate 
(exact composition 
unknown) 


analogous to 
Zn + 2NaOH + 2H:O — Na.[Zn(OH),] + 
Zn 2KNH; + 2NH; K.[Zn(NHe),] + H, 


Zinc nitrate is insoluble in liquid dinitrogen tetroxide 
but dissolves readily in solutions of diethyl ammonium 
nitrate in liquid dinitrogen tetroxide. 


liq. 
+ a[Et.NH2] NO; 
This reaction is analogous to the following: 
Zn(OH)es) + 2NaOH —> Na,(Zn(OH),] 


liq. 
Zn(N He + 2KNH; NEL 
3 


liq. 
+ 3[Me,N].SO; 50. 2{MeN]3[Al(S¢ )s)s) 


However, interesting as these solvent system relation 
ships may be, it is in the area of molecular addition com- 
pounds that much of the recent work in dinitrogen te 
troxide chemistry has been done. 

It is well known, for example, that the cour-e of 1 
tration reactions in which dinitrogen tetroxide i- used #& 
a nitrating agent may be strongly modified by t!c choice 
of solvent for the nitration reaction. In gener:\|, it has 
been found that solvents which are strong elec'ron do 
nors give a distinctly different reaction. This led 
speculation concerning the possible formation of addi 
tion compounds between dinitrogen tetroxide aid Lews 
bases. 
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PHASE STUDIES OF N.O,-LEWIS BASE SYSTEMS 


During the past ten years many binary systems com- 
posed of dinitrogen tetroxide with a variety of electron- 
donor substances have been investigated by Sisler and 
co-workers (2, 3, 4, 5, 6, 7) and by Addison’s group (13, 
14, 15). These investigations have involved, in most 
instaiices, the cryoscopic determination of the freezing 
point-composition curves for the systems. From the 
form of these curves the existence of various compounds 
can be detected. 


Dinitrogen Tetroxide-Ether Systems 


Binary systems of dinitrogen tetroxide with a variety 
of different ethers have been studied (2, 4, 5, 6, 7). 
Most of these ethers form compounds which because of 
their low melting points and the very flat maxima in 
their freezing point curves were assumed to be of rather 
lowstability. In general, there was a strong correlation 
between compound formation and the effect of the ether 
as a solvent for N.O, nitration reactions. There is a 
tendency toward oxidation-reduction reactions between 
dinitrogen tetroxide and some of the ethers, particularly 


fwhere addition compound formation is weak. The 


following Table 1 is a summary of the results of these 
studies. It will be noted that most of the compounds 
correspond to the formula N.0,-2R.0; several ethers 
form, in addition, compounds of the formula N2Q,- RO. 
The “dibasic” ethers, such as 1,4-dioxane and 1,3-di- 
oxane, form 1:1 compounds, but these are equivalent to 
1:2 compounds of “‘monobasic’’ ethers. 


TABLE 1 
Molecular Compounds of N.O, with Ethers 


Mole Stability 
ratio 
N204: ether 
in 
compound 


compound 
if at melting 
compound point 
—74.8 Low 
—77.5(incong.) Very low 
—65.0(incong.) Very low 
—79.5(incong.) Very low 


Melting point 
0 
Ether used 


Ethyi ether 

n-Propyl ether 
i-Propyl ether 
n-Butyl ether 

t-Butyl ether 
Trimethylene oxide 


Low 
Low 
Tetrahydrofuran : —20.5 Moderate 
—43.0(incong. ) 
Perfluorotetrahydro- 
furan 
a-Methy|tetrahydro- 
furan 


2,4-Dimethyltetrahy- 

rofuran : Low 
Tetrahydropyran : Moderate 
1,4-Dioxane Stable 
Moderate 


Moderate 


1,3-Dioxane 

Trioxane 

Ethyleneglycoldi- 
ethyl ether 


+ 
—11.0(incong.) 
F 1:2 ca, —60 
ineong. = incongruent melting point. 


Very low 
Very low 


The failure of t-butyl ether to form an addition com- 
pound whereas n-butyl ether does form such a com- 
pound is best, explained in terms of steric interference of 
the bulky tertiary butyl groups with the ether oxygen. 
In the case of 8,8’-dichlorodiethy] ether, the failure to 
form a compound with dinitrogen tetroxide may be at- 
tributed either to electron withdrawal from the ether 
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oxygen by the electronegative chlorine atoms or steric 
interference of the bulky chlorine atoms or perhapsa 
combination of the two effects. 
The change which occurs in the sequence, 
bu, CH, 6 
\o% CH, 


Trimethyl- 
ene oxide 


Tetrahy- 


Tetrahy- - 
drofuran 


dropyran 


is interesting, but as yet unexplained. Trimethylene 
oxide forms 1:1 and 1:2 compounds with dinitrogen 
tetroxide, both of which have congruent melting points 
and well-defined maxima in the freezing point composi- 
tion curve of the binary system. Tetrahydrofuran 
forms a 1:1 and a 1:2 compound but the 1:2 compound 
melts incongruently. Tetrahydropyran forms only a 
1:2 compound. 

It is also interesting to compare tetrahydrofuran with 
perfluorotetrahydrofuran: 


CH:—CH: CF,—CF, 


H. CH, CF; CF: 


Perfluorotetrahydrofuran gives no evidence at all for 
compound formation with dinitrogen tetroxide. This 
is to he expected on the basis of the assumption that 
these N.O,-ether addition compounds result from Lewis 
acid-base interaction, for the electron-withdrawing ef- 
fect of the fluorine atoms robs the ether oxygen of any 
electron-donor capacity. 

Most striking, however, among these interactions, is 
the formation of the rather stable complexes of dinitro- 
gen tetroxide with 1,4-dioxane, and to a slightly lesser 
degree with 1,3-dioxane. 1,4-Dioxane forms the white 
crystalline complex, N,O,-O(CH2CH2).0, which melts 
at +45.2°C., and, at room temperature, is a white, 
crystalline, diamagnetic solid. (Remember that the 
boiling point of dinitrogen tetroxide is 21.3°C. and, at 
this temperature, it is brown in color and is definitely 
paramagnetic.) The compound N,0,-1,3-dioxane is 
similar in character though melting at +2.0°. It is 
probable that trioxane 


Non.” 


behaves similarly but the high melting point of trioxane 
itself observes the maximum of the N,O,-trioxane com- 
pound causing this compound to melt incongruently at 
—11°. An estimated melting point of about —9° can 
be derived from the phase diagram. Any theory con- 
cerning the structure of addition compounds of dinitro- 
gen tetroxide must account for the unusual stability and 
bigh melting points of the dioxane and trioxane com- 
pounds. 


Binary Systems with Other Oxygen Bases 


Phase studies by the cryoscopic method have been 
carried out on other types of oxygen bases by Addison 


ali 
. 
. 
| 
| 
1:2 
1:2 (?) 
1:2 (?) 
1:2 (?) 
He 
| 


and his co-workers (13, 14, 15). The results of some of 
this work are summarized in Table 2. 


TABLE 2 
Molecular Compounds of N.O, with Various Oxygen Bases 
Stability 
com nd 
fot 


melting 
d point) 


Moleratio Melting point 
base of 
Oxygen base in pound P 


Sulfoxides 
H;):8O Stable 
C:Hs):8O Stable 
(n-CaH7)28O : Stable 
(i-C3H7)280 : Stable 
Stable 


Nitrosamines 
Moderate 
Moderate 
(incong.) 
Mod. low 


(CsHs) (C2Hs) NNO 
CH:—CH: 

CH: NNO 
CH:—CH: 

Carbonyl Compounds 

(CeHs)(CHs)CO 

CH:COOH : 

—13° 


CH:)2CO —40° 
sHsCHO 3 —42° 


Moderate 
Moderate 


—11° (ineong.) 

Moderate 
Moderate 
Moderate 
Moderate 


Binary systems of some non-oxygen bases have been 
studied by the cryoscopic method (13, 15). These data 
are summarized in Table 3. 


TABLE 3 
Molecular Addition Compounds of N.O, with 


Non-Oxygen 


Mole ratio 


Substance studied 
CesHsCH:CN 
CH:CN 


CICH:CH:CN 
CsHsCN 


CeHe 
(Mesitylene) 


No compd. 
No compd. 
No compd. 
compd. 


CsHsNO2* 
@ The oxygen is not the basic center in this molecule. 


Molecular Compounds of N.O, with Tertiary Amines 


Sisler and co-workers (3) have found that when dini- 
trogen tetroxide is mixed with tertiary amines in ethe- 
real solution at about —75°, yellow precipitates of the 
general formula N,O,:2B, where B is pyridine, quino- 
line, isoquinoline, acridine, a-picoline, 8-picoline, or 
triethylamine, are formed. In contrast, the sterically 
hindered molecules 2,6-lutidine and 2-methylquinoline 
do not form addition compounds under these conditions. 


CH; CH; CH; 
2,6-Lutidine 2-Methylquinoline 


Addition products in which the mole ratio of N.O, to B 
is considerably greater than 0.5 were also found when g 
considerable excess of dinitrogen tetroxide was used. 
The product obtained with an excess of N2O, on tri- 
ethylamine is pink and highly explosive. 

All of these products are unstable at room tempera. 
ture, in fact at any temperature above 0°, in some «ase; 
even lower. 


EVIDENCE CONCERNING THE STRUCTURE 
OF N.O.,-ADDITION COMPOUNDS 


In view of the known equilibria in liquid dinitrogen 
tetroxide the question arises concerning these addition 
compounds as to whether they are compounds of N,0, 
molecules, compounds of NO: radicals, or solvates of 
nitrosyl] nitrate: 


N.0,:2B NO.-B [NO(B):+][NOs~] 


Tn order to obtain evidence concerning this point, Sis 
ler and co-workers (2) measured the magnetic suscepti- 
bilities of and N,0,-- 
2C;HwO at temperatures well above their respective 
melting points. They were all found to be diamagnetic 
up to temperatures at which dinitrogen itself begins to 
be paramagnetic. Furthermore, it was found that 
is diamagnetic: at room tempers- 
ture. Since NO: is an odd molecule, these data indicate 
the addition compounds are not addition compounds of 
NOs, since such would be paramagnetic. This concli- 
sion is supported by the fact that all these addition con- 
pounds crystallize as white solids. 

In an effort to determine whether or not the addition 
compounds are solvated nitrosyl] nitrates, the Raman 
spectra of N:O,-2 (C2H;)20 at —72° and of N,0,-2 
C;HieO at —72° and —55° were studied (2). In addi- 
tion the infrared spectrum of N:O,-O(CH:2CH:).0 at 
25° was measured (2). The frequencies obtained in the 
various spectra were compared with known frequencies 
for NO+, NO;-, NO,.*, and NO.~-. The lack of corre- 
spondence served to eliminate the possibility of the pres 
ence of these ionic species in the systems studied. 

It was, therefore, concluded that the addition com- 
pounds with ethers are complexes of N2O, molecules 
In spite of the evidence obtained, however, Addison and 
his co-workers (16) at first strongly questioned this 
conclusion. Their questions were based upon such data 
as the fact that the addition of certain oxygen bases to 
dinitrogen tetroxide greatly increases the rates at which 
metals react with dinitrogen tetroxide (17), e.g.. 


M + 2N:0, — 2NO + M(NO;): 


Addison interpreted this fact in terms of the assumption 
that the base reacted with N20, molecules to form NO: 
B* ions. 

More recently (13), Addison has indicated that he no 
longer holds to this conclusion, for he has fouid that 
nitrosyl chloride does not yield addition compounds 
analogous to those of dinitrogen tetroxide. addi- 
tion compounds are ionic as Addison had mai) tained, 
then it would be expected that nitrosy] chloride would 
form such compounds. It is now believed that the 
equilibrium represented by the following equation exis's 
in the various binary systems: 
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Where B is a very strong electron donor, the equilibrium 
wil! be shifted to the left and an ionic complex will be 
obtained. Thus Comyns (/8) has shown that the 
R;N-N2O, compounds are ionic, for solutions of N2Q, in 
R,\ are good electrical conductors. For very weak 


electron donors the equilibrium will be shifted to the. 


right and molecular complexes will be formed. 

In terms of this concept the following quite reasonable 
classification of dinitrogen tetroxide addition com- 
pounds has been offered (13). 


Addition Compounds of N.O, with Bases 
Donor Liquid phase _ Solid phase 


— 


Strony 
R;N Ionic Ionic 


Medium-strength 


R,O, ReN RCN Ionic molecular? Molecular 


| 
R.C=0O, 


Weak 
C.H;, CseH;NO2 Molecular Molecular 


* Generally only very small concentrations of the ionic form— 
principally molecular. 


ELECTRONIC STRUCTURE OF 
DINITROGEN TETROXIDE COMPLEXES 


If we refer to the electronic formula for the N2O, 
molecule presented above, it is apparent that by the 
process of breaking the w bonds in the N.O, molecule, 
bonding orbitals on each of the nitrogen atoms may be 
made available for the acceptance of electron pairs from 
various donor molecules as indicated in the following 
diagram . 


Since the coordination number of nitrogen atoms with 
respect to oxygen in nitric acid is limited to 3 (presum- 
ably by sterie factors) (19), it might be supposed that 
the acceptance of donor molecules by the nitrogen atoms 
in N,Q, might be sterically hindered. However, it will 
be recalled that the N—N distance in N.O, is greater 
than normal and this would help to reduce the strain. 

The ionic structure involves the sharing of electrons 
from the donor molecule with the nitrosylium ion, NO+. 
This ion which contains only 10 valence electrons can 
upon saturation contain a total of 14 electrons. Thus, 
the NO+ has the possibility of accepting either one or 
two electron pairs. 


[B: + N=G:+][NO,-] or [NO3-] 
B 
Since the first of these structures would be favored, 
the distinctly ionic dinitrogen tetroxide compounds are 
chiefly 1:1 compounds. 

The addition compounds of dinitrogen tetroxide can 
be further classified in terms of the type of orbital which 
isinvolved in the donor molecule. Thus, the donor may 
contai: an atom which has one or more unshared pairs 
of electrons available in s, p, or sp hybrid orbitals. 
Addison names such donors onium donors. In some 
instances, however, the donor molecule shares a pair of 
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electrons in a molecular x orbital which can overlap 
with the bonding orbital on the N,O, molecule. Addi- 
son calls these donors x donors. We thus have four 
possible classes. (1) Molecular compounds with “on- 
ium donors”: includes most of the compounds studied. 
(2) Ionic compounds with “onium donors”: includes 
compounds with the aliphatic tertiary amines. (3) 
Molecular compounds with ‘‘x donors”: includes com- 
pounds with the aromatic hydrocarbons. (4) Ionic 
compounds with “‘ donors”: no evidence for these. 
Donors are too weak to form ionic compounds. . 

The Dioxane Compounds. An explanation of the un- 
usually high melting point and stability of the complexes 
with 1,4-dioxane and 1,3-dioxane remains to be consid- 
ered. It was originally considered possible that the 
N2O, molecule and the dioxane molecule, both being in a 
sense bifunctional, could interact so as to form a linear 
polymer which would result in a higher melting point. 
However, measurements of the viscosities of N2O,-1,4- 
dioxane mixtures (5) showed no important increase in 
viscosity of the mixtures over the pure components. 
Furthermore, cryoscopic measurements (5) on dilute 
solutions of dinitrogen tetroxide in 1,4-dioxane indicate 
only one N2O, unit per solute molecule. The polymeric 
hypothesis is, thus, eliminated. 

A more attractive hypothesis is represented by the 
structure below in which the two oxygens of the dioxane 
molecule each share a pair of electrons with the same 
NO, molecule. 

O 
OV 


| CH | 
oe 


The resulting tricyclic structure would approach a 
spherical shape. Such molecules tend to have relatively 
high melting points because of entropy considerations— 
camphor, for example. Furthermore, the fact that 
each pair of N,O, and dioxane molecules are bound by 
two bonds which must be broken simultaneously in or- 
der for dissociation to occur creates an entropy factor 
which stabilizes the system. 

Molecular models of this postulated structure demon- 
strate the compatibility of this hypothesis with known 
bond distances and atomic radii. 

The following section serves to show that the struc- 
ture is also compatible with modern chemical bond 
theory. 

Theoretical Consideration of the Bicyclic Structure of 
the N20.-1,4-Dioxane and Com- 
pounds. In the past few years evidence from quantum 
theory studies by Coulson, Lennard-Jones, Mulliken, 
and their various co-workers, has accumulated which 
indicates that non-bonding electron pairs (“lone pairs” 
in the valence shell, e.g., the two lone pairs on the oxy- 
gen atoms in 1,4- and 1,3-dioxanes, occupy direeted orbi- 
tals orthogonal to the bonding orbitals. These lone 
pairs may make considerable contributions to the dipole 
moment of the molecule (because they are ‘‘off-center,”’ 
so to speak). They also play a part in determining 
molecular configuration through the electron-electron 
repulsion energy. For example, in hydrazine they prob- 
ably make a contribution to the rotational barrier. 
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This view is of particular interest in the case of biden- 
tate groups such as the dioxanes, and suggests that the 
effective distance separating the two coordinating atoms 
(i.e., the two oxygens) is the distance between the di- 
rected lone pairs (i.e., the centers of negative charge), 
rather than the distance between atomic centers. 
Thus, if 1,4-dioxane has the “‘boat”’ form, a lateral pro- 
jection of its carbon-oxygen skeleton will be approxi- 
mately as follows (@ = superimposed carbons; O = 
oxygen). 
Effective distance 
a between lone a 
O-O distance 
oxygen 4-oxygen 

The lone pair directed orbitals (probably of the sp* type) 
would make approximately tetrahedral angles with the 
two bonding orbitals on each oxygen. Thus, it appears 
quite reasonable that the distance between lone pairs is 
somewhat less than the oxygen-oxygen distance. The 
two orbitals, aa’, could then form bonds with the two 
m orbitals of the nitrogens in N2O,, possibly with some 
change of hybridization in the latter. 


Superimposed 


Superimposed 
O-atoms 


O-atoms 
|,4-dioxane 


Superimposed 
C-atoms 


The bonding would be more effective if rehybridization 
at the N occurred, converting N2O, to a non-planar con- 
figuration, thus: 


Superimposed 
O-atoms 


Superimposed _ 
O-atoms 


Hybrid s-p 
orbitals 
on the N-otoms 


This would not only give better “overlap,” but would 
also direct orbitals on the N outward, further reducing 
discrepancy in N—N and O—O distances. The direc- 
tional effect of oxygen lone pairs in 1,3-dioxane would 
operate in essentially the same way. - Thus, looking in 
this case at a different (“head-on’”’) projection of the 


Effective 
lone pair 
distance 


2-carbon 


Here, however, it would takea morecareful calculation to 
decide whether the lone pairs, aa’, are directed slightly 
inward, or slightly outward. An interesting poin: js 
that the above analysis for 1,3-dioxane is unchang«d if 
the over-all molecular configuration is the “chair” ra‘ her 
than the “boat” form, since this change involves merely 
a shift of the 5-carbon atom above or below the plane 
of the 1,3,4,6-atoms, and does not affect the relative 
configuration of the 1- and 3-oxygen atoms, or the lone 
pairs, aa’. It is, further, interesting to note that the 
O-O distance in 1,3-dioxane is only 0.1 A. less than the 
O-O distance in the boat form of 1,4-dioxane. 

However, it is difficult to see how 1,4-dioxane could 
have the “chair” form and act as a bidentate coordina- 
ting group with N.O,. In the “chair” form not only is 
the oxygen-oxygen distance greatly increased, but the 
situation is still more unfavorable when the orientation 
of the lone pairs is considered, as the following figure 
shows. 


l-oxygen 
a 


Superimposed |,4-dioxane 


C-atoms 
allt 


("chair" form) 


4-oxygen 


The coordination would have to operate through the 
ab’ or the ba’ lone pairs. 

This strongly indicates that the 1,4-dioxane in the 
coordination compound is in the “boat” configuration. 
Yet, the electron diffraction data (20, 21), apparently 
indicate that the isolated 1,4-dioxane has the ‘chair” 
configuration. 

In cyclohexane, the “boat” form probably has an 
energy about 6 keal. (twice the 3 keal. barrier for rota- 
tion about a carbon-carbon single bond) higher than the 
“chair” form, which is of course definitely known to be 
the equilibrium form. It seems likely that in 1,4-di- 
oxane essentially the same factors operate, with the 
“boat” form about 6 keal, higher than the “chair” for 
the isolated molecule, making the “chair” form the only 
form present to any degree, as the electron diffraction 
results indicate. 

However, it seems very probable that in the forma- 
tion of the addition compound the “chair” form is con- 
verted to the “boat” form. This would require onlya 
small bonding energy for the coordination bonds (i.., 
the amount required to reverse the ~ 6 kcal. favor- 
ing the “chair” form in the isolated molecule). If the 
change from “chair” to “boat” form in the course of 
the addition reaction is to be plausible, the activation 
energy for this conversion must not exceed an uppe! 
limit set by the observed rate of reaction. From the 
low-frequency ring-bending modes in cyclo/iexane 
(“chair” form) it has been estimated (22) that ‘here !s 
an energy “pass” for conversion of the “chair” to 
“boat” form lying about 14 keal. above the encrgy of 
the “chair” form. This does not involve - })assage 
through the planar configuration of the ring, which 
they estimate requires an activation energy of alout 31 
keal. As stated above, the energy of the “boat” form 
itself is about 6 kcal. above that of the ‘chair’ form. 
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Thus in cyclohexane the path would be: 


< Activated Stote 


Boat form 


Choir form 
» 


It seems unlikely the activation energy in 1,4-dioxane 
would be higher than this (i.e., 14 keal.); in fact, it 
would probably be considerably lower because a con- 
siderable part of the 14 keal. in cyclohexane is due to the 
potential barriers hindering rotation about the carbon- 
carbon bonds connecting the six pairs of adjacent meth- 
ylene groups, while in 1,4-dioxane there are only two 
pairs of adjacent methylene groups. However, in order 
to obtain a lower limit for the rate, let us assume 14 
keal. also for 1,4-dioxane. Then, neglecting the entropy 
of activation, which should be unimportant, the expres- 
sion for the specific reaction rate is 

AE* 


Taking 7 = 273°K. 


KT _ 1.38 X 107 erg/deg. X 273 deg. 
h 6.624 X 10-* erg sec. 
AE* _ 14000 cal. 
RT 1.987 cal./deg. X 273 deg. 


_ 
e RT = e-%8 = 63 X 


k = 5.69 X 10" sec.-' X 6.3 X = 36 sec.~! 


If the reaction is regarded as psuedo-unimolecular, i.e., 
if the conversion of the “chair” to the “boat”’ form is the 
rate-limiting step (assuming the rate of addition of N.O, 
to the “boat” form to be rapid), this specific rate cor- 
responds to a half-life of 0.02 sec. 


In2 0.693 


= 


k 36 sec.—} 


= 5.69 X 10'*sec.—! 


25.8 


= 0.02 sec. 


Thus, the rate of conversion appears to be adequate. 

It has been assumed above that the bonding is to the 
t bonds of N atoms in N,0,. This would probably re- 
quire some reduction of the participation of the latter in 
double bonds within the NO, molecule; the rehybridi- 


zation of the N orbitals with the resulting non-planarity 
of the N20, molecule would automatically decrease the 
double bond content. 

However, even if the bonding in the addition com- 
pound is to a considerable extent electrostatic between 
the positive N atoms and the oxygen lone pairs, the di- 
rectional properties of the latter as discussed above 
should be important in bringing the oxygen electrons as 
close as possible to the N atoms. 
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Re: “The Use of Exact Expressions in Calculati 


Hydrogen Ion Concentrations” by E. R. 


ting 
NIGHTINGALE, JR., June, 1957, p. 277. Equations (25) and (29) are incorrect, and should read as 


follows: 


[H+] = + 


2K HA + Ke (25) 


KaC(H*}{[H*] + 2Kes} 


{H*] = 
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+ Ka[H*] + KaKee 


(29) 


‘ 
| 
114 Keal. 
'6 Keal. 
‘ 


ACHIEVEMENT IN FIRST YEAR COLLEGE 
CHEMISTRY RELATED TO HIGH SCHOOL 


PREPARATION’ 


A prosncr was initiated by the High School Liaison 
Committee of the Minnesota Section of the American 
Chemical Society, the ultimate objective of which 
was to give recognition to a selected number of high 
school chemistry teachers in the state. It was apparent 
that the achievement of students from certain high 
schools in the state in college chemistry was well 
above the average, that a relatively high percentage of 
students from certain high schools were entering one or 
another of the sciences as major fields of interest, and 
that the high school chemistry teachers of these 
high schools were exerting a strong and favorable in- 
fluence on these students. The committee has long 
been of the opinion that recognition should be given 
such teachers. 

As a means of obtaining quantitative data on which 
a partial evaluation of teaching could be based, the 
heads of the chemistry departments in all colleges and 
universities within the area described by the Minnesota 
Section were contacted and a request made for their 
cooperation in the collection of data. The number of 
students enrolled in the second semester or quarter of 
first year college chemistry was determined and a suffi- 
cient number of cards sent to each institution for each 
of these students. The cards were filled out by each 
student, collected by the teacher, and returned to the 
High School Liaison Committee. Six items were in- 
cluded on the 3 X 5 data cards: 


Name of your high school and its location. 

Name of your high school chemistry teacher. 

Date of completing high school chemistry. 

Name of college or university you are presently attending. 

Your grade in first semester (or quarter) of college chem- 
istry. 

6. Are aon planning on a major in the sciences? 

In this survey all general college chemistry students 
in their second semester or quarter in fifteen institutions 
contributed data, including liberal arts colleges, Catholic 
colleges, universities, state teachers colleges and junior 
colleges. Data were obtained from nearly 1400 stu- 


1 Presented in part before the Summer Institute for Teachers 
of College Chemistry, Northcentral Session, 1955, University of 
Minnesota, Minneapolis, Minnesota; the Summer Institutes for 
Teachers of College and High School Chemistry, Eastern Session, 
1955, Syracuse University, Syracuse, New York; and the North 
Central Teachers Association of Wisconsin, Science and Mathe- 
matics Section, Wausau, Wisconsin, March, 1957. 

* The author is indebted to the teachers of chemistry in the 
colleges and universities of the State of Minnesota for their 
cooperation in collecting data for this study, as well as the High 
School Liaison Committee of the Minnesota Section of the 
American Chemical Society. 


ROBERT C. BRASTED 
University of Minnesota, Minneapolis, Minnesota’ 


dents in this survey and from another 1100 students ina 
supplementary study, reported in a later section of this 
study. In practice, then, this survey is not based upon 
a sampling technique since an effort was made to obtain 
data from every student in the fifteen colleges and 
universities. 

On the occasion of the May, 1957, meeting of the 
Minnesota Section of the American Chemical Society, a 
dinner was held to honor six high school science teachers 
chosen for the excellence in the teaching of high school 
students and their success in directing students into 
scientific areas. As mentioned earlier, data herein 
reported were used as a preliminary screening of many 
hundreds of possible candidates. The final choice of 
six was understandably a difficult problem. Much 
weight was placed on the performance in science fair 
programs, activities of the science clubs, as well as 
recommendations by college and university teachers 
and unsolicited comments made by students. 

The recipients of the awards (a framed hand-lettered 
Old English script certificate, a cash award, and a sub- 
scription to the JouRNAL oF CHEmIcaL Epvucatioy) 
are listed. 

Karl Aaberg, Mankato High School, Mankato, Minnesota 
Walter Bonner, Rochester High School, Rochester, Minnesota 
Theodore Molitor, Alexander Ramsey High School, Roseville 

Public Schools, Minnesota 
Robert Molkenbur, Central High School, St. Paul, Minnesota 
Carl Pearson, Southwest High School, Minneapolis, Minnesota 
Martin Thames, Bemidji High School, Bemidji, Minnesota 

Certain of the data derived from the cards was 
obviously useful for a general survey of the achieve- 
ment of college chemistry students based upon a number 
of factors. These data are reported in the following 
tables and should provide high schooi counselors with 
“ammunition” for proper preparation in chemistry, 
physics, and mathematics before entering the college 
or university of their choice. 

Table 1 provides a breakdown of the students based 


TABLE 1 


Percentage of Students in Second Half of First Year College 
Chemistry Related to Geographical Origin of High School 
Training 


With high school chemistry, % 
Urban 
Metropolitan 
Rural-consolidated 

Without high school chemistry,% 
Urban 
Metropolitan 
Rural-consolidated 
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upon the geographic location of their high school. 


The 
term urban is used to denote cities and towns of approxi- 


mately 20-40,000 population. Metropolitan refers to an 
are: of over a million population and rural-consolidated 
refers to the areas of low population density with, in 
gencral, small high schools. 


ACHIEVEMENT IN COLLEGE CHEMISTRY RELATED 
| TO PREPARATION IN HIGH SCHOOL 


T.ble 2 includes the performance of students with 
and \vithout high school chemistry. The very marked 
differences in performance are obvious irrespective 
of gcographic area. 


TABLE 2 


Geographic Origin of High School Related to Achievernent 
(Students With High School Chemistry Compared to Those 
Without High School Chemistry) 


A B ty D Index* 

With high school chemistry, % 

Urban .27.1 9.1 2.63 

Metropolitan By 2:7 2.69 

Over-all 18.7 34.2 3.2 10.9 2.60 
Without high school chemistry, % 

Urban 6.3 21.8 48.5 23.4 2.11 

Metropolitan 6.0 26.9 44.8 22.3 2.16 

Rural-consolidated 3.1 26.2 40.0 30.7 2.01 

Over-all 5.1 25.0 44.4 25.5 2.09 


* Based upon 4 for A, 3 for B, etc. 


The observation is not new, neither is it unconfirmed 


proper counseling, to take the chemistry course in 
high school has in general also taken high school 
physics and more than the minimum requirements in 
mathematics and is thus in a far more favorable position 
than the student who for one or more of the above 
reasons has not taken the preparative work. Data in 
tables which follow provide some answers to these 
points of contention. 

Achievement Based Upon the Size of the High School. 
A further breakdown of the data is included in Table 3. 
The size of the high school is indicated in the size of the 
graduating class. The data indicate that students 
from the small high schools with preparation in high 
school chemistry perform as well (or better) than those 
from_the large high schools where supposedly one 
should find facilities. 


Parochial High School Training Compared with That 
in Public High Schools. In the course of the survey 
it became evident that students with preparation in 
parochial high schools performed at_a higher level in 
the college chemistry courses than those from public 
schools. Table 4 bears out this conclusion. The 
number of students from the private high schools con- 
tributing data is very small compared to those from 
parochial. 


TABLE 4 
Type of High School Related to Achievement in College 
Chemistry 


Parochial Rural- 
Grade, % and private Metropolitan consolidated 
A 22.3 17.6 15.9 
B 32.3 32.2 35.8 
C 38.2 38.8 34.8 
D 7.2 11.4 13.5 
Index 2.70 2.56 2.54 


Performance in College Chemistry Related to Date of 
Completing High School Chemistry. The large number 
of data cards surveyed formulated an interesting correla- 
tion between achievement in college chemistry and the 
year of completing high school chemistry. Rather 
surprising indices are noted in Table 5. The two-year 
period 1951 and 1952 is particularly unusual. A 
division is again made based upon geographic location of 
the high school. 


TABLE 5 


Date of Completing High School Chemistry Related to 
Achievement in College Seer (First Semester or 
Quarter 


Over-all Urban Rural- 
Year index metropolitan consolidated 
1945 2.64 2.50 2.93 
1946 2.19 1.86 2.45 
1947 2.32 2.45 2.21 
1948 2.51 2.45 2.39 
1949 2.52 2.68 2.38 
1950 2.45 2.08 2.70 
1951 2.86 2.95 2.71 
1952 2.78 2.77 2.79 
1953 2.61 2.76 2.27 
1954 2.59 2.61 2.50 
Average 2.60 2.67 2.56 


A survey of “out-of-state” students (from seven 
states) both with and without high school chemistry 
was made. The indices for ‘those with high school 
chemistry were comparable with “in-state”. The 
indices for those without high school chemistry were 
again appreciably lower. 


COMPARISON OF GRADING PRACTICES 
IN DIFFERENT TYPES OF COLLEGES 


The possibility existed that grading practices varied 


TABLE 3 
Achievernent of Students (With High School Chemistry) in General College Chemistry Related to Size of High School 


SS 
by others, that the performance of the student with 
high school chemistry is higher than the student with- — 
out the same training. The primary point. of conten- 
tion now seems to be whether students with this prep- ‘ 
ration are inherently of a better grade or whether the —— 
preparative work in high school has led to better _ 
achievement in college chemistry. The student with 
| sufficient intellectual curiosity, the initiative, or with 
| Srade, <25 25-40 40-90 90-150 150-230 > 230 Over-all 
A 17.9 13.3 16.0 19.8 19.3 18.0 17.4 3 
: B 48.8 37.0 32.4 30.4 37.0 32.5 37.3 ‘ 
| c 24.1 38.5 39.1 37.8 36.5 - 36.5 34.8 
| Ra 9.2 11.2 12.5 12.0 7.2 13.0 10.5 
_ ex 2.75 2.53 2.52 2.58 2.64 2.55 2.61 | 
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TABLE 6 
Com nm of Students from Catholic High Schools in 


the University of Minnesota with Students of Similar 
Background in Catholic Colleges 
Grade, % U. of Minn. Catholic colleges 
A 16.3 22.3" 
B 36.7 82.3 
Cc 40.8 38.2 
6.2 7.2 
Index 2.63 2.72 


in different types of colleges and universities and that 
these differences might account for the higher index of 


~ PHYSICS AND MATHEMATICS PREPARATION 


drawal before the end of the quarter with margina! to 
failing performance, the W is an approved withdraal 
but, again in this discussion, infers that the studen is 
doing marginal to failing work. The importance of 
proper preparation is again most emphatically indica: ed, 
A discouragingly large percentage do not _mak« a 
‘successful effort to complete the first quarter of work 
due to inadequate preparation. = 


RELATED TO ACHIEVEMENT IN HIGH SCHOOL 
CHEMISTRY 


The same body of students in the C course was used 


| 


students from parochial schools. Table 6 gives a com- to evaluate achievement in college chemistry bused F 
parison of students in the University of Minnesota upon whether they had or had not had a course in high = 
taking college chemistry with preparation in parochial school physics. The data are given in Table 9. 
schools with students in Catholic colleges with similar Although the differences depending on preparation Bie 
training. In both instances the performance is above are not as great as with the chemistry preparation, they 
the average of all those with high school chemistry are well enough defined to point out the benefit of 
(index of 2.52). Table 7 gives an additional breakdown preparation in both chemistry and physics. Two addi- 
to permit comparisons of grading practices in different tional studies were made permitting the comparison: 
types of institutions of higher learning. students with high school chemistry but no high school as 
TABLE 7 and 
College Classification Related to Achievement in College Chemistry ton 
Catholic Liberal arts State Tchrs. & Jr. higk 
colleges plan 
(or 
geor 
of gi 
mun 
prep 
cent 
Z, al 
Achievement in First Quarter College Chemistry Based Upon High School Chemistry Preparation - 
Course Course CON 
Grade, % Without Sp 
each 
secti 
tions 
It 
23.7 wide 
(20.2%) tions 
colles 
SUPPLEMENT TO THE STATE-WIDE SURVEY bent 
A supplementary survey was conducted involving Achievement in First Quarter College Chemistry Related the « 
some 1100 University of Minnesota students. Three to Preparation in High School Physics (C Course Only) regan 
courses of instruction in general chemistry are offered Grade, % With Without Over-all based 
and with no subdivision based upon high school A 13.4 7.8 11.4 with | 
chemistry preparation. The data are recorded in B 22.8 16.6 20.6 Th 
Table 8 (et seg.). Course A is the professional course schoo 
for chemists and chemical engineers, the great majority F&Z 811 12.9 8.8 plann 
of whom have had good preparation in high school WwW 7.6 14.2 11.9 the ex 
chemistry, physics, and mathematics. Course B is (59.57%) (40.5%) to tal 
offered for all other engineering students. Course C areas 
includes students in all other categories. physics; and students with high school physi: but grade 
At the foot of each column in Table 8 the percentages with no high school chemistry. These data «'¢ 7% matic, 
of students in each classification are noted. It is cluded in Tables 10 and 11. Of the 1100 student only The 
worthy to note that about as many enter the engineering 190 fell into these categories. It is obvious tht the 
curricula (Course B) without high school chemistry as ~high school chemistry preparation has been th: most 
enter the more general curricula (represented by the C beneficial. 
course). Of greatest interest are the percentages re- A final survey was carried out to correlaic the 
ceiving the F and Z grades and W grade. The F is achievement in college chemistry with high school 
obvious, the Z here represents nonapproved with- mathematics preparation. The courses used w°re B VOLU) 
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TABLE 10 
Achievement in First Quarter College Chomister of Stu- 
dents with High School but High 


TABLE 


Achievement First Quarter of College C of 
Students with Beery: Physics but with No High 


war Grade, average of ali students 
with high school chemistry 


| 


YJ, Grade average of all students 
with high school physics 


> 
N 


N 


TABLE 12 
Relationship between High School Mathematics Background and Achievement in First Quarter of College Chemistry 


Chemistry B and C 


Grade, % <3 courses >2 courses 


<3 courses 


Chemistry C 
<3 courses 


Chemistry B 
>2 courses 


(15. 


6.4 10.5 


6 
4 
4 
2 

3 


.4 
9 
1 
7 


%) (84.7%) 


and C combined and B and C individually. Tabula- 
tions are given based upon students with two (or fewer) 
high school math courses (9th grade algebra and/or 
plane geometry), in comparison with those with three 
(or more) courses (including higher algebra, solid 
geometry and/or trigonometry). Course C is perhaps 
of greatest interest since the numbers with the “mini- 
mum” preparation (<3 courses) and “maximum” 
preparation (>2 courses) are about equal. The per- 
centage of students failing and/or withdrawing (F and 
Z, and W respectively) with the former preparation is 
significantly greater than with the latter. 


CONCLUSIONS 


Specific conclusions in terms of the data presented in 
each section are included at the end of each of these 
sections. The reader is referred to each of those sec- 
tions for such conclusions. 

It is believed that this survey is of considerably 
wider scope and includes a greater number of classifica- 
tions and subclassifications of the high school and 
college student body than many if not all similar sur- 
veys heretofore reported. The writer himself has 
been forced to alter many of his own opinions in view of 
the statistics collected. Too often conclusions with 
regard to high school preparation have been drawn 
based upon a few isolated cases or upon small classes 
with insufficient information on the students. 

The importance of proper counseling in the high 
schools is clearly indicated by the data. The student 
Planning on a college career in which one or another of 
the exact sciences is part of the curricula must be urged 
to take the high school preparatory courses in these 
areas is well as more than the minimum courses (9th 
~~ algebra and plane gometry) in high school mathe- 
matics. 

The writer feels strongly that colleges and universi- 
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ties are not in “the high school preparation business.” 
Sufficient evidence has been presented here as to the 
need for high school chemistry, physics, and adequate 
mathematics courses (in number and quality) for high 
achievement in college chemistry. Substandard courses, 
often presented in college for the poorly prepared stu- 
dents and usually given the same credit and standing as 
the more exacting courses, may be eliminated when 
greater uniformity in preparation is given to all stu- 
dents entering college chemistry. Some remedial work 
will still have to be presented considering existing con- 
ditions of high school preparation; however, the 
writer does not feel that the solution is through sub- 
standard courses. Where the teaching faculty is avail- 
able, the use of extra tutorial-type sessions for the 
students with submarginal preparation serves as a par- 
tial answer to the problem. Such sessions are no more 
necessary, however, than other sessions for the select 
class of students who either through very high caliber 
preparation or through native intellect and intelligence 
are ready for advanced and more challenging material. 
The data cards indicate that students who have 
either the intellectual Curiosity proper counseling (or 
both) to take chemistry and p 
school also take more than _s minimum requirements 
in mathematics,. Such students may then be a more 
select group and thus show favorably in the higher 
grade percentages and indices. Although it cannot be 
claimed that the student retains factual knowledge 
gained in the preparatory courses in the exact sciences, 
it is obvious that these courses greatly influence his 
accomplishment in college chemistry. It is further a 
reasonable assumption that there would be fewer ;with- 
drawals, failures, and submarginal grades in college 
chemistry if all students were properly counseled into 
the preparatory courses in chemistry, physics, and 
mathematics. 
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SYNTHESIS OF AN AZO DYE AS A LECTURE DEMONSTRATION 


TuE preparation of phenyl-azo-8-naphthol from aniline 
and 6-naphthol is a simple and effective lecture demon- 
stration with spectacular final result. The writer pre- 
fers to start directly at the lecture desk with pre- 
weighed samples of the aromatic amine, coupling agent, 
and sodium nitrite rather than with obscure solutions, 
and still without awkward delay. Although at first 
thought one might prefer the corresponding experi- 
ment with p-nitroaniline to yield Para Red (‘“‘American 
Flag Red”), the simpler demonstration outlined below 
is educationally better, since the normal practice of slow 
diazotization at low temperature is employed instead of 
the exceptional technique used with a nitroaniline. 
The theoretical yield here is 0.03 mole of dye. With 
a small class, half quantities, with smaller jar, would 
suffice. There is no necessity to weigh reagents to 
great accuracy. 


Aniline (colorless to brownish red, but 
not tarry) 

Hydrochloric acid, 6-normal 

Ice, crushed, roughly measured 

Sodium nitrite, cryst. 

B-Naphthol, powd. 

Sodium hydroxide, 6-normal 


Procedure. The B-naphthol is dissolved in the 


G. ROSS ROBERTSON 
University of California, Los Angeles 


sodium hydroxide in a half-liter or liter conical flask. 
Addition of 50 ml. or more of water will accelerate the 
process. The resulting alkaline naphtholate solution is 
now diluted to about 3'/,; to 3/2 liters volume and set 
out in view of students in a glass 1-gallon jar or 4-liter 
beaker. 

The aniline and hydrochloric acid are added to the 
crushed ice in a 300- or 500-ml. conical flask. The 
sodium nitrite is dissolved in about 20 ml. of water and 
the solution poured in five or six portions into the aniline 
hydrochloride-ice mixture. During the period of one- 
half to one minute used for this step the mixture is 
stirred by shaking thoroughly, while the instructor in- 
dulges in comment about the desirability of slower 
performance when time permits. 

The resulting benzene-diazonium chloride, in solu- 
tion with little or no ice remaining, is now dropped 
from a conspicuous height into the jar of 8-naphtholate 
solution. Instantaneous and spectacular coupling oc- 
curs, with formation of the almost insoluble orange 
dye phenyl-azo-§-naphthol. At the same time explana- 
tion is given of the special reactivity of a C—H group 
(in the 6-naphthol) which is not only alpha to a benzene 
ring, but also ortho to an effective accelerating group 
such as hydroxyl. 


A NOTE ON THE D AND L PREFIXES 
OF THE TARTARIC ACIDS 


To the Editor: 


Perhaps some light can be thrown on the problem of 
D and L prefixes of the tartaric acids in this way: Just 
because two optically active molecules can be related 
configurationally does not mean that they both have 
the same prefix. It will be recalled that Emil Fischer 
ran into this difficulty in assigning a p prefix to the 
form of gulose that produced the same aldaric acid as 
p-glucose. Rosanoff! correctly called this form of 
gulose t-gulose. Neither is it true that because both 
asymmetric carbons of (+)-tartaric acid have identical 
configurations, sometimes called ‘‘p,” that one is forced 
to call (+)-tartaric acid p-tartaric acid. It is obvious 
that carbons 2 and 5 of L-idaric acid are identical, 
whether written as (I), (II) or (III). 


1 ABERNETHY, J. L., J. Coem. Epuc., 33, 88 (1956). 


COOH 
(2) 
HO—C—H 
(5) 
OOH 
(ID) 


COOH COOH 
(2) (5) 
HO—C—H 


(I) 


H—C—OH 
(2) Ho—¢_H HO-¢_H (5) 


H 
(IIT) 


When written as (I), carbons 2 and 5 appear to have the 
same configuration as the asymmetric carbon of > 
glyceric acid. However, the “1” prefix is assizned t? 
any aldaric acid whose hydroxy] is to the left on the 
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bottom asymmetric carbon when written as (IV). 
That name for aldaric acid is derived from the corre- 
sponding aldose, (V). 


COOH CHO 
(CHOH (CHOH dn 
O—C—H 
HO—C—H b 
H.OH 
OOH 
(IV) (V) 


It is apparent that when L-idaric acid is written as (III), 
either carbon 2 or carbon 5 has an t-configuration, 
based on the usage of “‘L’”’ when applied to aldaric acids. 
The “wv” prefix must be used for this molecule, regard- 
less of which carboxy] is placed at the top of the chain. 
Because of this very rule, t-gularic acid can be called 
p-glucaric acid, by observing the position of the hy- 
droxyl at the bottom asymmetric carbon and applying 
the prefix to the name of the correspnding aldose, as 
done with (IV) and (V). It would be wrong to set up 
a special rule for (+-)-tartaric acid and call it ‘“‘p’’ be- 
eause the hydroxy! on the top asymmetric carbon is to 
the right, when the carbon chain is arranged vertically. 

In reducing (+)-tartartic acid to p-malic acid, two 
questions should arise: (1) Can one transfer the prefix 
automatically, without other considerations, to this 
tartaric acid from this malic acid, and (2) is there any 
question about the “bd” assignment given to this malic 
acid? Of course one cannot transfer these prefixes 
automatically. Since malic acid contains two car- 
boxyls, it becomes a question as to whether the methy- 
lene carbon should be placed as carbon 2 or the second- 
ary alcohol carbon as carbon 2 of the vertical carbon 
chain. In other words, is malic acid to be related to 
the amino acids or to the aldaric acids? 


COOH COOH COOH CHO 

Cn, n—¢_oH n—G_NH, H—G_OH 
H: R H,OH 

boon OOH 

(VI) (VII) (VIII) (IX) 


It is evident that (VI) could be called L-2-deoxythrearic 
acid, without any question of its configuration. When 
(VI) is named p-malie acid, one wonders why it was 
not named L-malic acid instead. The reason, of course, 
is beeause (VII), which is precisely the same molecule 
as (VI), has the hydroxyl to the right and gives the 
impression that it is being related to p-glyceraldehyde 
(IX). Unfortunately, p-glyceraldehyde contains just 
one carbonyl group and is easily related to the p- 
amino acids (VIII). All amino acids should be given a 
o-prefix when the amino group that is adjacent to the 
top carboxyl of the chain is to the right, even though 
there are two carboxyls in the molecule. It is here 
that the rules for the aldaric acids diverge. One now 
selects the asymmetric carbon adjacent to the bottom 
carboxy! group. If the hydroxyl on that carbon is to 
the right, the molecule has a p-prefix; if to the left, it 
as an L-prefix. The tartaric acids and malic acids are 
diearb«ylie hydroxy acids and should be lined up with 
the threarie acids. The dicarboxylic amino acids will 
take cure of themselves. 

_Hfy ickery® were to write (+)-tartaric acid as (X) 
* Vickery, H. B., J. Cuem. Epuc., 34, 339 (1957). 
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rather than (XI), he would have some difficulty in 
relating D-cystine to the p-family by pointing out a 
relationship between the identical asymmetric carbons 
of (+)-tartaric acid. 


Ho—¢_H 
Goon 


COOH COOH 

H—¢_OH H—¢_OH 
(X) (XI) 

If one is speaking of a clockwise arrangement of 
H, OH, and COOH of the groups attached to the asym- 
metric carbons of (XI) as one looks north, then the 
same arrangement of these groups appears as exists in 
p-glyceric acid. For this reason, some say that both 
carbons of (XI) have a p-configuration. However, 
according to aldaric acid rules, (X) shculd be used and 
this places (+)-tartaric acid in the L-series since, when 
straightened up it falls into the group of dicarboxylic 
acids (IV) always assigned an L prefix. With the 
aldaric acids, regardless of the identity of configurations 
of bottom and top asymmetric carbons on a chain (I, I, 
III, X, XI), the p- or L- prefix is assigned in relation to 
that hydroxyl on the bottom asymmetric carbon atom 
(IV). In other words, either carbon 2 or carbon 3 of 
(X) can be considered to have an L-configuration, when 
the rules for aldaric acids are applied. .-Cystine 
should not be related to the tartaric acids at all, but 
rather to L-cysteine, and thence back to L-alanine. 

The note by Gorin? fails to recognize that the aldaric 
acids must be treated differently from the glyceral- 
dehydes. tu-Idaric acid (II) would be given a pb- 
prefix, if Gorin were correct. His type of argument 
would fail to recognize that allyl bromide undergoes an 
allylic rearrangement. Carbons 2 and 3 of a given 
optically active tartaric acid have the same configura- 
tion. The difficulty arises from the fact that even 
though they have identical configurations they are 
not the same carbon, and they occupy positions on the 
chain which serve as the basis for the assignment of 
p and L designations. 

In conclusion, a further well-known complication 
ought to be mentioned involving the uronic acids. All 
uronic acids of the type (XII) are p-uronic acids. 
p-Gluceronic acid has the formula (XIII). 


COOH COOH CHO 
)s 
H—C—OH HO—C—H HO—C—H 
H—C—OH 
H—C—OH HO—C—H 
dno Goon 
(XII) (XIII) (XIV) 


Obviously, (XIV) is the same molecule as (XIII). In 
assigning the p-prefix, the carboxy] is placed at the top 
of the chain and the aldehyde carbon at the bottom, as 
in (XIII). Since the hydroxyl on the bottom asym- 
metric carbon of (XIII) is to the right, a p-prefix is 
given. The hydroxyl on the bottom asymmetric car- 


3 Gorn, G., J. Cuem. Epuc., 33, 478 (1956). 


< 
DH (2) 
JH 
a 
H (5) 
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bon of (XIV) is to the left, but that asymmetric carbon 
is adjacent to a carboxyl group, not an aldehyde group. 
It is very apparent that Vickery’s relationships to the NEW OFFICERS R 
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A NEW PROGRAM FOR AIDING BLIND STUDENTS stalled in rent-free quarters at the 58th Street Branch of the New 


York Public Library. chen 
: THE Division of Chemical Education has been asked for ad- The success of this enterprise may be judged not only from the Ga 
vice and help in a unique scientific and humanitarian project, the tremendous demand for its services (about 3000 books requiring ‘ 
recording of chemistry texts for distribution to blind students. 75,000 hours of volunteer time have already been recorded) but rts 
There are over 320,000 blind Americans. Blind students are also from the grateful comments from users of the service, such chem 
now enrolled in over 200 colleges and universities throughout the as: revie 
nation seeking to prepare themselves for careers in such varied “Library of Congress books are excellent for recreation, but mode 
fields as social work, music, psychology, education, law, and sci- they don’t fill the need for specialized books. . . . Recording for 
ence. These students, as well as blind instructors and other pro- the Blind fills the gap for the specialist. It satisfies the particu- PROC 
fessional men and women, need technical and educational mate- lar need of those engaged in business, in schools, and learning a : 
rial in general as well as in specialized fields and there are not new occupation .... It helps the blind to get out of vocational thi 
nearly enough recorded books to meet this demand. ruts, and the specialized knowledge of the readers is invaluable .. distill 
With the aid of a three-year terminal grant from the Fund for .. They make the listener’s job easier. differ: 
Adult Education, “Recording for the Blind’’ was established in “‘With records, I can read to suit my own convenience, late at was ¢ 
May, 1951, as a non-profit agency to set up centers “throughout night, or early in the morning, without waiting for appoint- Mas 
the nation’’ for the purpose of recording books not available in ments.... This organization’s greatest gift to the blind is that it some} 
Braille or through the “Talking Books’’ service of the Library of makes the blind independent. It permits them to read when and soon 
Congress. A blind person needing a book not available through how they want to, and, most of all, they can go back and reread.” scene, 
other services informs headquarters of ‘‘Recording for the Blind,’’ In order to make more books in the field of chemistry available becar 
and, if the agency has already recorded the book, the records are through “Recording for the Blind,” the Executive Committee of no | | 
sent from one of the cooperating libraries for a loan period which the Division of Chemical Education has approved the following mb 
may last for months. An average book, when recorded at 16?/; statement: tractic 
r.p.m. on vinylite disks about '/1o0 of an inch thick takes about 50 “After considering a report on the operation of ‘Recording for Me: 
six-inch records weighing less than a pound, and these records the Blind, Inc.’ we believe that this agency deserves the indivi- from a 
may be played on an ordinary phonograph by means of a simple dual support of all members of this Division and their friends who be dor 
adapter. : wish to help this worthy enterprise. When called upon, the oils ; 
The services of a volunteer reader are needed for a book not al- services of a special subcommittee will be made available to ‘Re US In 
ready recorded. After national headquarters has Studied the cordings for the Blind’ to aid in the selection of suitable books for by hes 
problem and secured a release of the copyright, the book and a recording.”’ therma 
sheet of directions for recording it are sent to one of the eight re- Those who desire more information or wish to volunteer for that D 
cording centers, located in the public libraries in Denver, Los service as readers should write: aol 
Angeles, New York, and Phoenix, and in studios in Chicago, 2 gasolin 
Louisville, Oak Ridge, and the University of Georgia. Here a National Headquarters It was 
reader who has passed the ‘‘voice test’’ and has had enough spe- Recording for the Blind gave a 
cialized training in the field to present the subject matter with 745 Fifth Avenue better 
some degree of competence records the book on tape, the actual New York 22, N. Y. knock 
reading time usually requiring a total of about 25 hours. The tape As Thomas Edison prophesied in 1878: ‘Books may be read by f olef 
is then sent to New York where the recording is embossed on the the charitably inclined reader . . . and the record of the book Ol olefin 
disks. As many as 20 copies may be made of a book of a more used . . . for the blind.’’ the sat 
permanent ‘nature, books of more limited use may have only 3 origina] 
copies made for circulation. Multiple recording equipment which F. D. Martin, Chairman ; This 
will permit a 300% increase in output is in the process of being in- Subcommittee on Recordings for the Blind process 
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CHEMISTRY IN THE MANUFACTURE OF MODERN 


GASOLINE 


Wrrutn the last few years there has been literally a 
revolution in the methods by which gasoline is manu- 
factured. This came about partly because of the 
demand for an increased volume of gasoline. But 
primarily it was caused by the critical nature of modern 
high compression automobile engines. The trend in 
engine design has been such that continuing improve- 
ments in the quality of fuels has been necessary. The 
result has been that the gasoline manufacturing in- 
dustry has come more and more to resemble a synthetic 
chemical industry. 

Gasoline manufacture has, indeed, become a chemical 
process, or, more correctly, a combination of several 
chemical processes. This paper will present a brief 
review of the chemistry involved in the manufacture of 
modern gasoline. 


PROCESSES FOR GASOLINE MANUFACTURE 


lhitially petroleum refining consisted merely in 
distillation of the crude oil into several fractions of 
differing volatility. Kerosene for lamps and stoves 
was the most desired fraction, and the gasoline was 
somewhat of a nuisance. However, this situation was 
soon changed when the automobile appeared on the 
scene, and in the period from about 1910 to 1920 it 
became apparent that the demand for gasoline could 
no longer be met by simply distilling out the lighter 
fraction of the crude. 

Means were sought for increasing the yield of gasoline 
from a barrel of crude oil. It was found that this could 
be done by splitting the larger molecules of the heavier 
oils into smaller fragments. This was accomplished 
by heating under pressure. Thus was developed the 
thermal cracking process. It was also about this time 
that people began to be conscious of the quality of 
gasoline. Some gasolines caused engines to knock. 
It was found that the thermal cracking process not only 
gave a larger yield of gasoline; it also produced a 
better gasoline, one that had less of this tendency to 
knock. This improvement was traced to the presence 
of olefins which, in general, are less prone to knock than 
the saturated hydrocarbons that are present in the 
original crude oil. 

This desire for improved quality led to the third 
Process which became important during the 1930’s and 
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40’s—thermal reforming of straight run naphtha. This 
is simply an application of the thermal cracking tech- 
nique to the naturally occurring gasoline fraction in the 
crude oil. Its object was not to increase the yield of 
gasoline—it actually resulted in a lower yield—but to 
give a quality improvement. A heavier gasoline 
fraction was converted into a more volatile gasoline 
having improved antiknock properties. 

The widespread use of thermal cracking and thermal 
reforming resulted in the production of large quantities 
of gaseous hydrocarbons which were largely olefinic. 
Accordingly, catalytic polymerization processes were 
developed to convert these into additional gasoline. 
The olefinic gases were treated with an acid catalyst 
which converted them into higher molecular weight 
olefins suitable for gasoline. This first of the modern 
catalytic processes for gasoline manufacture is the 
oldest process still in use to an appreciable extent in 
modern refineries. 

From this point on. there has been a rapidly develop- 
ing demand for improved fuel quality. This demand 
was first felt during the war for aviation fuels, but since 
the war the demand for improved quality has been 
maintained and increased by the increasingly critical 
nature of modern automobile engines. As a result 
catalytic cracking has completely replaced thermal 
cracking as a gasoline manufacturing process, catalytic 
reforming is replacing thermal reforming, isoparaffin 
alkylation is supplementing, and to an extent replacing, 
polymerization, and finally isomerization processes 
have been developed to convert certain low octane 
straight chain paraffins to the high octane isoparaffins. 
Each of these modern processes is carried out with the 
aid of more or less acidic catalysts, and carbonium ions 
are thought to play a prominent part in the mech- 
anism of the reactions involved. 


MOLECULAR STRUCTURE AND QUALITY 


It is instructive to recognize some of the correlations 
between the architecture of the hydrocarbon molecules 
and their antiknock qualities as fuels. First should 
come a comparison between typical isomeric saturated 
hydrocarbons. The straight’ chain normal hexane is 
quite poor, the singly branched compound is fair, and 
the doubly branched hexane is excellent in quality. 
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This illustrates a general rule: the greater the branch- 
iness of a compound the greater its value in motor fuels. 

In a similar way, unsaturated or olefinic hydro- 
carbons can be compared. In general, olefins are 
considerably better than the corresponding paraffins 
having the same carbon arrangement. The straight 
chain alpha olefin, having the unsaturation in the termi- 
nal position, is of fairly good quality. However, the 
‘olefin having its unsaturation in an internal position 
in the chain is considerably better. But best of all is 
the internally unsaturated olefin having a branched 
structure. 

When cyclic types are compared, it is found that the 
saturated cyclics or naphthenes are of only fair quality. 
The cyclic olefins are much better and the aromatics 
are very good indeed. 

These comparisons suggest that high quality gasoline 
should consist predominantly of (1) highly branched 
paraffins, (2) branched and internally unsaturated cyclic 
olefins, and (3) aromatics. ° 


CATALYTIC CRACKING 


Catalytic cracking is the workhorse of the modern 
fuels refinery. The feed to catalytic cracking is 
ordinarily a gas oil obtained by distilling crude oil. 
The boiling range of the feed may be in the general 
range of about 500°F. to 1000°F. or even higher at 
atmospheric pressure. The cracking reaction is 
brought about by contacting the vaporized or partly 
vaporized feed with a catalyst at a temperature in the 
range of about 875° to 975°F. at a pressure of one at- 
mosphere absolute or a little higher. 

Two types of typical cracking catalysts are de- 
scribed in Table 1. These catalysts are solid acids. 
Perhaps the most widely used cracking catalyst is the 
synthetic silica alumina composite containing about 
13% alumina. As freshly charged to the cracking 
unit a typical catalyst of this sort will have a surface 
area of about 500 m.?/g., a pore volume of about 0.55 
ec./g. and an acidity of about 0.25 meq./g. The 
natural catalyst consists of a clay of the montmoril- 
lonite type which has been acid leached to remove 
alkaline materials and to increase its porosity. In use 
these catalysts become rapidly deactivated by coke 
deposits, and it is necessary to restore their activity 
by frequently burning off the deposits with air. 


TABLE 1 
Typical Cracking Catalysts 
Synthetic Natural 
Composition: 
Silica, % 87 83 
Alumina, % 13 16 
Other,* % 1 
Surface area, M.?/g. 500 330 
Pore volume, cc./g. 0.55 0.31 
Acidity meq./g. 0.25 0.26 


“Ca, Mg, Fe, ete. 


The big advantage of catalytic as compared to ther- 
mal cracking does not lie in the greater ease of conver- 
sion of the heavy oils to lower boiling fragments. It 
lies rather in a more favorable distribution of the 
boiling range of the fragments and in a higher quality 
product within a given boiling range. Figure 1 com- 


pares the molecular weight distribution of the ligh«er 
products obtained by thermally and catalytica'ly 
cracking a pure paraffin hydrocarbon, cetane. ‘The 
characteristic fragment size from thermal cracking js 
C,; this is predominantly ethylene. Catalytic cra:k- 
ing shows a maximum at C,; this is a mixture of !so- 
meric butanes and butenes. Catalytic cracking «|so 
produces a higher yield of the valuable light gasoline 
components in the C; and C, range. In addition to the 
gasoline fractions directly produced, the unsaturated 
C; and C,’s and the isobutane from catalytic cracking 
are converted into additional high quality gasoline by 
the polymerization and alkylation processes. . 

The naphthas made by thermal and catalytic crack- 
ing differ in other respects. The thermal product is 
more olefinic, which is an advantage for the thermal 


XK 


Selectivity, Wt. % 


1 2 3 a 5 6 7 
Carbon Atoms Per Mol. 
Figure 1. Cetane Cracking. Product Distribut Th 1 vs. 


process since generally olefins are more valuable than 
the corresponding saturates. On the other hand, all of 
the other quality differences are in favor of the catalytic 
process. The catalytic olefins are of the more desirable 
internally unsaturated variety, whereas thermal crack- 
ing produces, for the most part, alpha olefins. The 
catalytic product is rich in the very desirable highly 
branched isomers, even when the feed consists of 
straight chain compounds. Thermal cracking pro- 
duces no branching that is not already present in the 
feed. The catalytic product is rich in high quality 
cyclics, including cyclic olefins and aromatics. Ther- 
mal cracking causes little or no cyclization. As a 
result of these differences the catalytic naphtha may be 
better than the thermal naphtha by as much as 15 te 
20 octane numbers. 


MECHANISM OF THERMAL CRACKING REACTIONS 


These differences are the result of fundamental 
differences in the mechanism of the two types of crack- 
ing reactions. Thermal cracking is a free radical 
chain reaction. Catalytic cracking is a carboni\im 100 
reaction. This may also be a chain reaction, bt the 
chain length is probably rather short. To understand 
what goes on in the two processes it is necess.ry ' 
review somewhat the nature and reactions of free 
radicals and carbonium ions. 

The formation of free radicals occurs in thermal crack- 
ing as follows: 
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Rupture of C—C bond: 


Rupture of C—H bond: 


HH HH 
H:C:Ce — H:C:C> + H- 
HH HH 


Free radicals are electrically neutral fragments of 
molecules having an unshared electron or an unused 
valence bond. In thermal cracking these are pro- 
duced by the thermal rupture of a C—C or a C—H bond. 
This is the initiation step in the free radical chain 
reaction that makes up thermal cracking. 

Table 2 shows the important reactions of free radi- 
cals. For simplicity the location of the unshared 
electron is indicated by an asterisk. When a free 
radical reacts with a hydrocarbon the products are a 
new hydrocarbon corresponding to the original free 
radical and a new free radical. For energetic reasons 
the unshared electron will be located on an internal 
carbon atom in the chain making up the new radical. 
This is one of the propagation steps in the free radical 
chain reaction. 


TABLE 2 
Reactions of Free Radicals Formed by Thermal Cracking 
Reactions with hydrocarbons 
CH;* + — 
CH, + 


Reaction by beta fission 


— 
RCH.CH.CH,* + CH.—CHCH.CH; 
+ CH.—CH: 


Isomerization (Note: Alkyl shift and stepwise migration of 
unshared electron do not occur.) 


R—CH:—CH;, 
CH, 


Recombination 
RCH;:CH.CH,* + CH;* RCH.CH,CH.CH; 


In the important beta fission reaction, the free 
radical carbon chain breaks in a position beta to the 
unshared electron. The reaction product is an alpha 
olefin and a new, smaller free radical. In this new free 
redical the unshared electron is located on a primary 
or terminal carbon atom. 

_This new free radical can undergo further beta fis- 
sion. In this case the products are ethylene and a still 
shorter primary free radical. This can go on step-by- 
step producing ethylene and a shorter primary radical 
at eacli step until nothing remains of the radical but one 
or two carbon atoms. This reaction accounts for the 
large ainount of ethylene produced in thermal cracking. 
These are further propagation steps in the free radical 
chain reaction. 


Free radicals do not undergo isomerization of the 
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type involving a migration of alkyl groups or other 
skeletal rearrangement. Nor do they undergo a shift 
of the unshared electron from one carbon atom to the 
next in the chain. Nevertheless primary radicals are 
energetically less favored than secondary or tertiary 
radicals. Therefore a long chain primary radical can 
coil back upon itself and transfer the unshared electron 
from the primary position to a secondary or tertiary 
position five or six carbon atoms back along the chain. 
This reaction is of importance since it results in the 
production of less ethylene and more of the gasoline 
components than otherwise would be obtained. This 
reaction is also one of the chain propagating steps. 

The final important free radical reaction is the re- 
combination of two radicals to form a hydrocarbon. 
This is the chain stopping step. Ordinarily this reac- 
tion is very fast. But under cracking conditions the 
radicals are so diluted with hydrocarbons that col- 
lision, and interaction, with hydrocarbons is much more 
frequent than collision with another radical. The 
reactions we have just seen account reasonably well for 
all of the products that are obtained from thermal 
cracking. 


MECHANISM OF CATALYTIC CRACKING REACTIONS 


More complex and more interesting reactions occur 
in catalytic cracking. Catalytic cracking is an ionic 
process involving carbonium ions. A carbonium ion is 
a hydrocarbon fragment bearing a positive electrical 
charge. These ions are produced by interaction of a 
hydrocarbon with an acidic catalyst. As the first 
reaction in Table 3 shows, this may come about by 
donation of a proton to an olefin. The proton comes 
from the acid catalyst. As indicated by the double 
arrows this is a reversible reaction. The proton may 
be returned to the catalyst, or it may be transferred to 


TABLE 3 
Formation of Carbonium Ions by Catalytic Cracking 


4 
HHH HHHE RH HE 


4 


cs 
Cag Cus 
CBs 


another olefin which in its turn becomes a carbonium 
ion. However, the reverse reaction may not follow 
exactly the same course as the forward reaction, i.e., 
the proton may not leave from the same position at 
which it arrived. This results in a shift in the double 
bond of the olefin. It will be remembered that there 
was no corresponding reaction with the free radicals. 
This is one of the means by which alpha olefins pro- 
duced by the cracking reaction are converted into 
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internally unsaturated olefins. The internally un- 
saturated olefins are favored thermodynamically, and 
as already noted, are more desirable as gasoline com- 
ponents. 

The other reactions in Table 3 show another method 
by which carbonium ions are formed. Here a hydride 
ion is removed from a paraffin hydrocarbon. The 
hydride ion may be abstracted by an electron-deficient 
zone on the catalyst surface or it may be withdrawn by 

-another carbonium ion, which is then converted into a 
neutral hydrocarbon. 

Table 4 summarizes the reactions of the carbonium 
ions. The first equation shows the shift of a hydride 
ion, which in effect moves the charge from one carbon 
atom to the next. There is no corresponding reaction 
with free radicals. The energy levels of carbonium 
ions decrease as the charge moves toward the center of 
the chain. Therefore this reaction tends to proceed 
until the charge is located two to four carbon atoms 
from the end of the chain. This further accounts for 
the formation of internally unsaturated as opposed to 
alpha unsaturated olefins. It also accounts for the 
predominance of C, and C; and C; hydrocarbons in the 
cracked products. 

The second equation of Table 4 shows a type of 
skeletal rearrangement. There is first a methide, and 
then a hydride ion shift. The result is the conversion 
of a straight chain structure into a branched structure. 
This reaction accounts for the high concentration of 
branch chain compounds that are produced in catalytic 
cracking. Again, no corresponding reaction occurred 
with free radicals. 

The next equation shows the important beta fission 
reaction of carbonium ions. This is the cracking re- 
action proper. The carbon chain can break in the 
beta position on either side of the positive charge. 
The point at which the chain breaks will ordinarily be 
such that the smallest fragment will contain at least 
three carbon atoms. The reaction products are an 
olefin and a smaller carbonium ion. 

This reaction is analogous to the beta fission reaction 
of free radicals. However, there is one difference. 
With free radicals the beta fission can continue step- 
by-step with the production of ethylene. With 
carbonium ions this does not ordinarily occur. The 
new carbonium ion produced by beta fission usually 
rearranges itself before further fission occurs. There- 
fore, very little ethylene is produced in catalytic 
cracking. 

In catalytic cracking open chain compounds are 
converted to cyclics. This reaction is thought to occur 
through olefinic carbonium ions as: intermediates. 
This reaction is a sort of self-alkylation, and in a sense 
is the reverse of the beta fission reaction. 


Catalytic cracking also produces large quantities of - 


cyclic olefins and aromatics. This is accomplished by 
a transfer of hydrogen from a saturated cyclic to an 
olefin through a carbonium ion mechanism. This is 
a stepwise reaction. First a cyclic carbonium ion 
transfers a proton to an olefin, and there is produced a 
cyclic olefin and a new carbonium ion. In another 
step the cyclic olefin can transfer a hydride ion to the 
new carbonium ion. The products of this step are a 
paraffinic hydrocarbon and a cyclic olefinic carbonium 
ion. The net effect of these two steps is the transfer 


572 


TABLE 4 
Reactions of Carbonium Ions Formed by Catalytic 
Cracking 


Tsomerization 
Hydride shift: 


H H 
Alky] shift: 


Cyclization 


of two hydrogen atoms from a cyclic carbonium ion to 
an olefin. This stepwise reaction can proceed until the 
cyclic carbonium ion is converted into an aromatic 
hydrocarbon. 


ISOPARAFFIN ALKYLATION 


In this process an olefin is added to isobutane to 
produce a highly branched isoparaffin. This is the re 
verse of the beta fission reaction that occurs in catalytic 
cracking. The reaction is carried out at low temper- 
ature in the range of about 40° to 100°F. at pre-sures 
sufficiently high to maintain the reactants in the !iquid 
phase. The catalyst employed isa strong acid stich as 
sulfuric acid or anhydrous hydrofluoric acid. 

The steps of the primary alkylation reaction between 
isobutane and butene-2 are as follows: 
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CH3CH=CHCH3 + H* CH3CH2CHCHs 


CH3 Cig 
ee 
cis-C+ + CHgCH=CHCH3 
CH3 CH3 
Cig CH3 CH3 


First the acid catalyst donates a proton to butene 
producing a secondary butyl carbonium ion. This 
jon then accepts a hydride ion from an isobutane mole- 
cule, converting the latter to a tertiary butyl ion. 
This tertiary butyl ion adds a butene molecule to 
produce an iso-octyl ion. Finally this iso-octyl ion 
abstracts a hydride ion from isobutane to form a 
molecule of iso-octane and a tertiary butyl carbonium 
ion, which continues the chain. 

As the equations are written, the sole product ex- 
pected would be 2,2,3-trimethylpentane. This, how- 
ever, is not the case. In addition to 2,2,3-trimethyl- 
pentane, other iso-octanes are obtained as well as 
hydrocarbons of both lower and higher molecular 
weight. These products are formed through a series of 
secondary reactions involving both rearrangement and 
beta fission. 

In the secondary reactions the iso-octyl ion that is 
originally formed undergoes two methide ion shifts 
followed by beta fission. 


H-CH3 CH3-C-CH-CH-CH3 


CH3 
——e- CHy~C=CH-CHy + CH3-CH-CH3 


The products are isopentene and isopropyl carbonium 
ion. The isopentene can react with tertiary buty] 
carbonium ion to produce a highly branched nonane, 
2,2,3,3-tetramethylpentane. The isopropyl ion can 
react with butene to produce an isoheptane, 2,3- 
dimethylpentane. By such reactions as these a large 
number of products is obtained, but it is important 
to note that all of these products are highly branched 
isoparaffins. No straight chained compounds are 
produced by these reactions. 


POLYMERIZATION 


In this process gaseous olefins are combined with each 
other to produce branched olefins in the gasoline boiling 
tange. The reaction is brought about by bringing the 
olefin feed into contact with an acid catalyst. In a 
typical process phosphoric acid catalyst may be em- 
Ployed at a temperature of about 350° to 450°F. and a 
pressure of 500 p.s.i. or higher. 
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The reaction mechanism for propylene polymeriza- 
tion is as follows: 


CH3-CH=CHp + H* ———» CH3-CH-CHg 


CH3 CH2 

+ 

\ 

CH3 CH3 CH3 CH3 CH3 

+ 

CH3 CH3 CH3 CH3 CH3 CH3 


These reactions resemble somewhat those of alkylation. 
First the acid catalyst donates a proton to a propylene 
molecule to form an isopropy! carbonium ion and thus 
start the chain of reactions. The isopropyl ion adds a 
propylene molecule to form an isohexy! ion which then 
rearranges itself by hydride ion shift. Finally the 
isohexy! ion transfers a proton to a molecule of propyl- 
ene to produce a molecule of isohexene and a new 
isopropyl ion, which can continue the chain of reaction. 
The product shown is 2,3-dimethylbutene-2. Act- 
ually the reaction can proceed further to produce even 
higher molecular weight olefins. Also there are re- 
arrangement and splitting reactions similar to those in 
alkylation. As a result the product is a rather complex 
mixture. However, the important point is that all of 
the reaction products are branched olefins and are 


’ highly desirable gasoline components. 


PARAFFIN ISOMERIZATION 


This process is employed to convert n-pentane and 
n-hexane into the more desirable branched chain iso- 
mers. 

Two distinct isomerization processes have been 
developed. The first employs a hydrogenation cata- 
lyst such as nickel or platinum deposited on an acidic 
carrier such as silica-alumina. This catalyst is active 
in the temperature range of about 600° to 700°F. 
Pressures of 200 to 400 p.s.i. are employed and hydro- 
gen gas is mixed with the feed to be isomerized. 

The second isomerization process employs a Friedel- 
Crafts catalyst such as aluminum chloride, which is 
active at a lower temperature, in the range of 150° to 
250°F. However, with both types of catalyst the 
reaction is thought to proceed through a carbonium ion 
mechanism. 


CH2 
CH3 


CH, -CH alcl 


First the catalyst abstracts a hydride ion from the 
normal pentane molecule to produce a secondary penty] 
ion. This rearranges itself by a methide ion shift and 
after recapture of the hydride ion becomes an isopentane 
molecule. As shown by the double arrows, these are 
reversible reactions, and the product that is obtained is 
an equilibrium mixture that is dependent upon the 
thermodynamics of the system. 
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The reactions for hexane isomerization are similar present in the feed are converted into the corresponding 
but are somewhat more complicated due to the larger aromatics. 
number of isomers that is formed. The principal catalytic reforming reactions of parai- 
fins are dehydrocyclization to form aromatics and hy- 
CATALYTIC REFORMING drocracking to form two molecules of lower molecular 
weight paraffins. In addition to these two reactions 
some paraffin isomerization also occurs. 


The object of this process is to improve the quality of 
the virgin gasoline fractions that occur in crude oil. 
This is accomplished by converting the naphthenes and Dehydrocyclization: 
some of the paraffins into aromatic hydrocarbons. CH; 

Catalytic reforming is carried out by mixing the feed CH,CH:CH.CH:CH.CH:CH; > 4 
with hydrogen gas in the presence of acatalyst at temper- + 4H: 
atures in the range of 900° to 950°F. and at pressures of a 
200 to 600 p.s.i. There are two principal types of Hydrocracking: 
catalysts employed in the reforming process. One of H. CH,CH.CH.CH.CH, 
these consists of about 10% of molybdic acid deposited CH;CH;CH.CH.CH;CH:CH; —> 
on alumina. The other consists of a small amount of CHSCH, 
platinum on an alumina carrier. Both promote the Now that we have carried out our modern manufac- 
same types of reactions. These reactions consist of turing processes we find ourselves with a number of 
dehydrogenation and isomerization of napthenes and high quality gasoline components; but we still do not 
aromatization and hydrocracking of paraffins. have a finished gasoline. It is now necessary for us to 

An illustrative catalytic reforming reaction is as blend our components in proper proportions according 
follows: to boiling range to give a full boiling range gasoline. 

We will add a little butane to adjust the vapor pressure 
and a little tetraethy] lead to adjust the octane number. 
L) 7 0-0 + 3H. We may also add trace quantities of other materials JJ terest« 
+ to impart special properties; for example, a little amine subjec 
inhibitor to prevent gum formation in storage, a small —_ 
Cyclopentane compounds are isomerized in a reversible amount of a water soluble compound to avoid car- well ’ 
reaction into cyclohexane homologs. However, this buretor icing, a little light lubricating oil to provide appen 
isomerization equilibrium is upset by the dehydrogena- upper-cylinder lubrication, and so on. We now have ther rn 
tion of the cyclohexane compounds into aromatics. produced a gasoline that will satisfy today’s high The 


As a result, nearly all of the naphthenic hydrocarbons powered automobile engines. a 
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The facility with which a given equation is selved, or wh 
conversely its awkwardness, depends both upon the produ 
nature of the problem and the ability of the student. prima 


In many cases of practical importance, the Charlot — 


equation [Anal. Chim. Acta, 1, 59 (1947) ] recommended text fe 

A by Dr. Hitchcock (J. Camm. Epuc., 34, 520 (1957)) is is it 

To the Editor: more easily evaluated than my equation (20) (J. Cue. serve 
In a recent communication Brown Epvc., 34, 277 (1957)]. However, the symmetry of the = 
(rH1s JoURNAL, 34, 165 (1957)) de- Charlot equation belies the ease with which it may be Yat 
scribes a method for vacuum filtration. solved. The upper limit for hydrogen ion concentration anode 
The accompanying figure describes an is clearly indicated in my equation (20) since either eell, b 


alternative and simpler apparatus (K.C, — C.(H+)] = 0 or (H+) S$ VKz and the num- tion 0 


which has been in yoo ge ttied labora ber of approximations necessary to obtain an accurate trobyt 
tories for some time. The apparatus is ; 


‘ s answer using equation (20) is reduced significant! It i 
particularly convenient for the filter- With respect to equation (21), Dr. Hitchcock unfor- which 


ing of small volumes of liquids. tunately missed the point. The Henderson equation is tivity 


j i : rather 
— prs clearly an approximation, and its derivation from the ter is 


; Charlot equation is both improper and unwise, {07 it kilows 
can always be stretched to take a larger size funnel (A). leads one to the erroncous conclusion ‘that if. C, = C, mil 


The outer tube C, held by clamp D, can be connected to [H+] = K,. As clearly indicated in the discussion fol- vided 
a vacuum pump. A variety of receivers can be used by ——_Jowing equation (21), this condition is valid only ifA. = [RS 
VK,. It is obvious that equation (15) or (16) wil. be actual 
used to evaluate simple problems. 
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ELECTROCHEMISTRY, PRINCIPLES AND 
APPLICATIONS 


millan Co., New York, 1956. xii + 418 
pp. Figs. and tables. 16 X 25.5 cm. 
$10. 


PreseNT day electrochemistry encom- 
passes a respectable area of theory and 
an equally important area of application. 
This book describes highlights of both 
areas about equally within its 418 pages. 
No book of such limited size can do justice 
to either theory or applications, but for the 


lintermediate science student who is in- 


terested in a comprehensive account of the 
subject without many derivations of equa- 
tions, and without gross details of old and 
new industrial processes, this book serves 
well. For further details, he will find an 
appended bibliography of suggested fur- 
ther reading. 

The author describes electrochemical 
theory starting with electrolysis and 
Faraday’s law, and progresses through ion 
activity, conduction, electrode potentials, 
overvoltages, and electrokinetic phenom- 
ena. A number of useful problems ac- 
company each chapter to help clarify 
fundamentals. 

From here on, the book deals with an- 
alytical applications including the polaro- 
graph, corrosion, electroplating, electro- 
winning, celectrorefining, alkali-chlorine 
production, electropolishing, anodizing, 
—y and secondary cells, and fuel 

The book is not well suited for use as a 
text for a course in electrochemistry, nor 
is it probably intended as such. It can 
serve better as a reference volume for 
student, teacher, or industrial researcher. 
Some statements could be improved. 
For example, (p. 1), it is better to define 
anode, not as the positive conductor of a 
cell, but as the electrode at which oxida- 
ton occurs or at which positive electricitv 
kaves the conductor and enters the elec- 
trolyte. 

It is not “current efficiency’’ (p. 19), 
which is raised by increasing the conduc- 
uvity of the electrolyte in the cell, but 
rather “energy efficiency,”’ where the lat- 
er is defined as the ratio of theoretical 
kilowatt hours X 100 to produce a given 
amount of substance at an electrode di- 
vided by the actual kilowatt hours. On 
page 28) the author prefers a different 
definition of energy efficiency based on the 
actual electrical energy consumed in the 
production of a unit quantity of final re- 
‘overed products, stating that the defini- 
Ucn given above lacks full practical signi- 
fiance. This matter could be argued. 

It is misleading to state (p. 20), that the 
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discharge of H* and OH is associated 
with an electrical resistance at the elec- 
trode which decreases as the current in- 
creases. In general, the major effect at 
such electrodes constitutes an opposing po- 
tential or polarization, including overvolt- 
age, which increases not decreases, as the 
current increases. 

The American reader will be puzzled by 
seeing all electrode reactions written as 
reductions rather than the more familiar 
oxidations. Also, the Nernst equation is 
written with a positive coefficient in front of 
the logarithm term, which places the react- 
ants in the numerator and products in the 
denominator. The author states that 
this follows the recent convention adopted 
by the IUPAC. Otherwise, the book con- 
forms to the A.C.S. sign convention, even 
though the author says that he uses the 
European sign convention. 

On page 76, the author improves over 
most discussions on the origin of potential 
in a galvanic cell, but there is probably 
still more the average reader needs to 
know in order to fully understand the 
matter. 

The abscissa of Figure 75 on page 248 
should be labeled ‘‘current’’ rather than 
“current density’’ unless the cell referred 
to has anodes and cathodes of equal area. 
On page 255, phosphating solutions for 
preparation of a metal surface for paint- 
ing are not called ‘wash primer,”’ at least 
in this country. A wash primer, instead, 
is a type of corrosion inhibiting paint ap- 
plied directly over a metal surface (prime 
coat) consisting usually of polyvinyl bu- 
tyral and ZnCrO, compounded with H;PO,. 

On page 266, the criterion of full cathod- 
ic protection for steel is 0.85 volt more 
anodic not more cathodic than the Cu- 
CuSO, reference cell. 

These few matters do not detract from 
the value of this book in providing a con- 
venient reference for the reader interested 
in knowing in short space what electro- 
chemistry is all about. 


H. H. UHLIG 
Massacuvsetts [nstiTuTe or TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


LABORATORY GLASSBLOWING 


L. M. Parr and C. A. Hendley, Chemical 
Publishing Co., Inc., New York, 1957. ii 
+154pp. 145X 22cm. $4. 


In THE preface to this small volume the 
authors state ‘Herein are given instruc- 
tions which they hope will enable any 
reasonably dextrous person to acquire 
sufficient skill not only to execute repairs 
to broken glassware, but also to make 
quite complicated glass apparatus.’’ Their 


estimate of a reasonably ‘‘dextrous person’’ 
is perhaps revealed in a delightful sum- 
mary to Chapter 4. “All the operations 
we have described can be carried out in a 
morning or afternoon, by which time you 
will have learned quite a lot of fundamen- 
tals of glassblowing:—how to cut and clean 
glass; how to draw points; close the end 
of a tube; and make flanges . . . We hope 
you will also have acquired . . . preparation, 
patience, and perseverance.”’ 

The book is written largely from the 
point of view of an English laboratory 
worker which may limit its value for use in 
the United States. Thus, nothing is said 
about the problem of operating glass- 
blowing burners with natural rather than 
manufactured gas. Most of the instruc- 
tions are for working “‘soft’’ or “lime’’ 
glass. The best parts of the book are the 
chapters on metal-glass seals and stop- 
cocks. Through some error, the table of 
contents lists a seven-page Appendix 
which is not included in the body of the 
book. 


LAURENCE E. STRONG 
COLLEGE 
RicuMonp, INDIANA 


LABORATORY GLASS WORKING FOR 
SCIENTISTS 


A. J. B. Robertson, University of London, 
D. J. Fabian, University of British Colum- 
bia, A. J. Crocker, King’s College, Lon- 
don, J. DeWing, National Research Coun- 
cil of Canada. Academic Press Inc., 
New York; Butterworths Scientific Publica- 
tions, London, 1957. xiv + 184pp. $4. 


In a day when much research is done in 
research institutions, the professional 
glassblower is one of the many skilled per- 
sons who plays an important role in the 
day-to-day work of the chemist. This 
might be taken to mean that a working 
scientist should not spend time training 
himself to fashion equipment from glass. 
The authors of this small volume, how- 
ever, believe that the laboratory scientist 
should be prepared to carry on even in the 
face of limitations in the service provided 
for him. Further, they regard laboratory 
work as a craft vital to the continuing of 
fruitful scientific discovery. They ob- 
serve, “In modern times the old tradition 
that the masters of science should also be 
themselves masters of the practical craft 
of science has failed to persist, and the 
more eminent scientists are now usually not 
to be found at the working bench in the 
research laboratory. There is, we think, 
a consequent weakening of the craft basis 
of practical scientific work, and some re- 
treat from the view expressed by I. Lang- 
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muir that work in the laboratory can be 
fun.”’ This trend is viewed with alarm. 
The suggestion is made that there are a 
variety of ways by which a relatively un- 
trained person can produce useful labora- 
tory equipment from glass. 

Several chapters are devoted to descrip- 
tions of types of glasses and equipment 
which are useful for laboratory glass work- 
ing. For the American worker these 
chapters will serve to relate materials 
available in England to those commonly 
available in the United States. With this 
information, the fact that the book is 
largely written from the point of view of 
English laboratory practice and products 
will not prove a serious disadvantage. A 
good deal of emphasis is put on the use of a 
hand torch as a simplified procedure for 
many operations. Possibly more amateur 
glass workers need to explore this as an 
effective aid to forming seals with a mini- 
mum demand on manual dexterity. One 
example which the authors fail to men- 
tion is the use of a hand torch and blow 
tube in removing pinholes from assembled 
apparatus. 

What may well prove most valuable for 
many workers already somewhat familiar 
with glass working techniques are several 
chapters on special procedures for sealing 
metal to glass, sealing different kinds of 
glass together, and handling large diameter 
tubing. A long chapter is devoted to con- 
struction of pieces of apparatus and will 
prove helpful not only for its directions for 
making pieces of useful equipment but 
also for suggestions on solving various 
common kinds of problems in glass manip- 
ulation. The reviewer believes that the 
authors should have described the simplest 
form of water cooled condenser to con- 
struct, namely the ‘“West’’ type, in addi- 
tion to the three types presented. The 
book concludes with a brief discussion of 
methods for manipulating fused quartz. 


. LAURENCE E. STRONG 
COLLEGE 
RicuMonp, INDIANA 


A GUIDE TO THE LITERATURE OF 
CHEMISTRY 


E. J. Crane, Director and Editor, The Chem- 
ical Abstracts Service, Austin M. Pat- 
terson, formerly Professor of Chemistry, 
Antioch College, Ohio, and Eleanor B. 
Marr, Assistant Professor of Chemistry, 
Hunter College, New York. Second edi- 


tion, John Wiley & Sons, Inc., New York, . 


1957. xiv +397pp. 15 X 23cm. $8. 


Tue second edition of this masterly 
volume which covers all the ramifications 
of chemical literature and its use is essen- 
tial for any serious study in a chemical 
library. As the most recent publication 
in the field of chemical literature, the bib- 
liographical material is the most nearly 
up-to-date collection of titles now avail- 
able. Eight chapters have been retained. 
They are Problems and Objectives, Books, 
Periodicals, Patents, Other Sources, In- 
dexes, Libraries and Procedure in Liter- 
ature Searches. The chapter on Other 
. Sources mentions addresses, biographies, 
bibliographies, committee findings, lec- 
tures, motion pictures, museums, organi- 


zations, personal correspondence, scien- 
tific meetings, theses, unpublished ma- 
terial and some literature from related 
sciences. The lists of reference books, 
books on special topics, abstract journals 
and general journals have been classified 
(with annotations for the important 
journals) into nearly the same groups as 
the sections in Chemical Abstracts. Two 
new chapters, Trade Literature and fed- 
eral, state and foreign government pub- 
lications, have been added. For all the 
chemical fields, the most important en- 
cyclopedias, treatises and special titles 
and their location have been included. 
Journals and translation services for them 
are given. The valuable appendixes in- 
clude a bibliography of chemical litera- 
ture reference books, a comprehensive 
list of symbols and abbreviations used by 
American and foreign publications, names 
of important chemical library collections, 
names of older periodicals, scientific and 
technical organizations, book dealers and 
publishers. 

In the past thirty years since the first 
edition was published, the Special Librar- 
ies Association personnel has prepared 
many useful compilations for both gen- 
eral science and chemistry alone. The 
Division of Chemical Literature of the 
American Chemical Society is now in ex- 
istence. Unusual care has been taken by 
the authors to include all the tools pre- 
pared by these organizations that are 
valuable for the scientific librarian. This 
broadens the scope of the suggested source 
material to include less familiar but never- 
theless pertinent publications both old 
and new, reference titles not designed for 
chemists alone, and foreign abstracting 
services. 

The excellent chapter on chemical in- 
dexes has been extended to teach the art 
of their use with illustrations of the type 
of assistance needed to recognize diffi- 
culties. The recommended procedure to 
make a literature search for limited or 


extensive problems is presented in detail. - 


This includes the types of records to 
employ, mechanical aids and their ad- 
vantages, and a list of books for study of 
technical writing. Little that might be 
of assistance in the examination and cre- 
ation of chemical literature has been omit- 
ted. This edition is a worthy successor 
to the first. 


VIRGINIA BARTOW 
University oF ILLINOIS 
Ursana, 


INTRODUCTION TO PHYSIOLOGICAL 
AND PATHOLOGICAL CHEMISTRY 


L. Earle Arnow, Vice President and Di- 
rector of Research, Sharp & Dohme Divi- 
sion of Merck and Co., Inc., West Point, 
Pennsylvania. Revised with the assistance 
of Marie C. D’ Andrea, Educational Direc- 
tor, School of Nursing, St. Vincent's Hospi- 
tal, Indianapolis, Indiana. Fifth edition. 
The C. V. Mosby Co., St. Louis, 1957. 529 
pp. 108illus. 13.5 X 21.5cm. $4.25. 


This edition of Dr. Arnow’s text book on 
chemistry for nurses includes an introduc- 
tion to organic and inorganic chemistry as 
well as physiological chemistry and is thus 
suitable for use in the training of nurses 


who may have no previous college co.:rses 
in general chemistry. Its success in this 
field is attested by its passage into this 
fifth edition. 

The lines of the previous editio: are 
followed in that application of chen istry 
especially to clinical medicine are eripha- 
sized for the purpose of maintainin: the 
student interest. It has been broug'it up 
to date by brief discussions of many : ecent 
physiological developments of clinical in- 
terest, also tables listing subatomic parti- 
cles, common organic radicals, precious 
stones, and clinically important constitu. 
ents of human blood. It should be exam- 
ined by anyone interested in a text of 
this type. It is well printed and illus 
trated and well bound. 


OLAF BERGEIM 
University or ILLINOIS 
Cuicaco, ILLINOIS 


INTRODUCTION TO LABORATORY 
CHEMISTRY 


L. Earle Arnow, Vice President and Di- 
rector of Research, Sharp & Dohme Divi. 
sion of Merck and Co., Inc., West Point, 
Pennsylvania. Revised with the assistance 
of Marie C. D’Andrea, Educational Direc. 
tor, School of Nursing, St. Vincent's Hospit. 
al, Indianapolis, Indiana. Fifth edition. 
The C. V. Mosby Co., Inc., St. Louis, 1957. 
116 pp. 38 illus. 13.5 X 21.5 om 
$1.50. 


Tuts laboratory manual was written to 
accompany the author’s book for nurses. 
This edition has increased space for an- 
swering questions and a convenient spiral 
type binding. New are experiments on 
paper chromatography, biological dem- 
onstration of testosterone, and examina- 
tion of a number of chemicals commonly 
found in hospitals. The experiments on 
inorganic, organic, physiological, and 
pathological chemistry are, in general, well 
selected for the type of course for which 
they are suggested. 


OLAF BERGEIM 
University or ILLINOIS 
Cuicaco, ILLINOIS 


ORGANIC CHEMISTRY 


H. Harry Szmant, Duquesne University 
Prentice-Hall, Inc., Englewood Cliffs, New 
Jersey, 1957. xii + 803 pp. 46 figs. 
Stables. $7.95. 


Dr. Szmant has contributed a re 
freshingly new approach to the resent 
tion of organic chemistry, both in orgal- 
ization and description. The factor 
which make this book different from othe! 
organic chemistry texts include: (1) 3 
expanded introduction giving an excellen! 
review of electronic configuratic:, chet 
ical bonding, hybridization, an: electr~ 
negativity; (2) an early pre-entation 
(Chapter 2) of the concept of 1 sonanee 
(3) an extensive introduction to ‘he pm 
cipal types of organic compounds (Chap- 
ter 3); and (4) a unique organization 0 
the classes of organic compoun:'s in the 
main body of the text. 

The book is divided into three pars 


(Continued on page A546) 
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UCATION 


Decemser closes a remarkable year for science. Soon 
the last bound volume on the many library shelves 
devoted to reports of scientific research will bear the 
label 1957. Not only will many of these newcomers be 
larger than their predecessors, but several shelves will 
hold Volume I of new series. If the amount of re- 
search reported is any measure of progress, 1957 will 
lead the parade of years. To estimate the real prog- 
ress science has made, to evaluate the significance of 
the discoveries we call “current,’”’ we must wait to see 
what future years will hold. It always has been so. 
Seldom can the full meaning of scientific discoveries be 
seen from other than the vantage point of time. The 
rapidity with which the Nobel Prize Committee recog- 
nized the work of Yang and Lee with its 1957 award in 
physics is the exception rather than the rule. 


We cannot resist, however, the urge to take a look at 
what happened in 1957. Without indulging in the 
paradox of gazing into a scientific crystal ball, we see 
some very important shaping of the future. We are 
not trying to guess the course of future scientific in- 
vestigation nor the adaptions which technology tomor- 
row will make of fundamental research of today. 
Rather we would like to examine what happened to the 
way the average man in the street thought about 
science in 1957. 


Never before has every citizen in every walk of life 
been so aware of science. Only occasionally in previous 
years has he more than taken for granted the improve- 
ment pharmaceuticals have made in his health or the 
improvements engineering has made in his safety and 
comfort. In 1957 he became aware as never before 
that he was leading his life in a scientific laboratory. 
Even though neither could be seen nor felt, he had no 
choice but to have fission products fall on him in June 
and the family of Sputniks to observe him in November. 
Further, he began to realize that the costs of scientific 
experimentation and consequent success were something 
he had to pay for. Realizations such as these quite 
naturally have led him to the resolve that he should have 
some voice in establishing the pattern of events which 
80 intimately affects him and will affect his children. 


The nuclear explosions of 1957 were most remarkable, 
hot for their size nor intensity, but for the furore they 
caused in the minds of every reader of the popular 


press. Concern over the hazards of fall-out seems to 
follow a first order law of decay with time. The 
screaming June headlines for accurate evaluation by the 
A.E.C. are in considerable contrast to the inside-page 
accounts of the report of the Advisory Committee of 
Biology and Medicine in November. Nevertheless, 
the conviction remains that the genetic hazards, 
though extremely small, are not negligible. If only the 
alternative danger could be assessed with equal pre- 


cision: that of removing the deterrent to war which 


our nuclear weapons represent. 

The startling success of Russian research in rocketry 
is science news for every breakfast table. Not only is 
every reader aware that here is the symbol of man’s 
liberation from the forces which have made him earth- 
bound, but he is also sobered. Here is an achievement 
of modern science which makes the authors of science 
fiction scramble to keep the “fiction” in their writing. 
Moreover, for Mr. American Man-in-the-Street, the 
realization that Russia could and did do it first is a 
shock. He is reluctant to admit qualitative superiority 
to foreign brainpower. For him the trouble more 
likely is revealed by a comparison of the quantity and 
organization of “their’’ technical manpower resources 
with those he calls “his.” Organization means govern- 
ment and to him government means the responsibility 
(and taxes!) of its citizens. Yes, indeed, science is 
his concern. 

This kind of awakening can be either the first step 
toward disaster or toward an era of firmer promise that 
man can achieve his ultimate destiny: living in peace. 
If science is required to produce a “catch-up” tech- 
nology on a national scale, based mainly on man’s fear 
of man, the latter alternative will be postponed or even 
eliminated. If, on the other hand, more and more men 
come to realize what science can contribute to man as a 
way of thinking, fear, mistrust, and despair can be out- 
moded. The scientific pursuit of knowledge demands 
self-examination and precludes provincial thinking. 
Niels Bohr’s remarks on his receipt of the first Atoms 
for Peace Award make clear the hope: 

“The rapid advance of science. . .presents civilization 
with a most serious challenge. To meet this challenge. . . 
the road is indicated by that worldwide cooperation 
which has manifested itself through the ages in the 
development of science.” 
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ISOTOPES IN CHEMISTRY TEACHING’ 


Aut matter consists of atoms, and atoms consist of 
spheres of electronic gaseous material, at the center of 
each of which is a tiny extremely dense nucleus. The 
discovery that this is true is one of the great scientific 
advances of all time. Sir Ernest Rutherford, following 
such men as Dalton, finally established the model. As 
one reads the earlier literature prior to the Rutherford 
discovery of atomic structure, one is impressed by the 
varieties of models for the atom which were suggested 
and how few people ever guessed anything like the real 
answer. All sorts of structures were suggested, but the 
actual structure was so far from the expected as to be 
resisted when evidence for it first appeared. Sir 
Ernest Rutherford showed beyond doubt, however, in 
his beautiful experiments on the scattering of alpha 
particles that at the very heart of an atom is a particle 
of diameter something like one ten-thousandth of the 
diameter of the whole atom in which resides nearly all 
of the atomic mass. Lord Rutherford’s alpha particles 
passed through millions of atoms in a straight path 
without being appreciably deflected and then in one 
case in a million or more of these atomic penetrations 
bounced as though they had struck a body carrying the 
whole atomic mass. There was no other way to explain 
the results than the way in which Lord Rutherford 
interpreted them—bizarre and difficult as they were, 
they were accepted and the atomic structure estab- 
lished. 

We learned then that the properties of nuclear matter 
are very different from the properties of ordinary mat- 
ter, and that atoms of different nuclear properties can 
have the same electronic structure. Since most chem- 
ical properties, and most physical properties with the 
exception ‘of mass, are derived entirely from the elec- 
tronic structure, the chemical and physical behavior of 
isotopic materials—that is, materials of different 
nuclear characteristics—are essentially identical. 
Atoms with the same electron structure are isotopic. 
Now it is important to teach this as a point of principle 
in college chemistry. Nothing is so striking a demon- 
stration of the reality of this consequence of atomic 
structure than the examination of heavy and light water 
to see how closely similar they are in their behavior, 
even though the hydrogen atoms in the heavy water 
have twice the mass of those in ordinary light water. 
Another striking example is the chemical behavior of 
radioactive materials as compared to non-radioactive 
materials, and the observation of how impossible it is 
in an ordinary laboratory experiment to in any way 
separate the non-radioactive from the radioactive atoms 


1 Based on a paper presented before the Fourth Chemistry 
Institute for College Chemistry Teachers, The University of 
North Carolina, Chapel Hill, June 13, 1957. 


WILLARD F. LIBBY 
United States Atomic Energy Commission, 
Washington 25, D. C. 


of a given element. Radioactive sugar tastes and acts 
like ordinary sugar, radioactive copper like ordinary 
copper, and so on. 

While everyone knows that these facts are taught in 
college science courses, there is a possibility that they 
are not being sufficiently emphasized. The whole new 
atomic age turns on nuclear properties in one way or 
another. The electronic properties of matter continue 
to be as important as ever, but all the new things of the 
atom, to use the popular parlance, are nuclear in nature. 
The energy locked inside the atomic nucleus is the 
source of atomic power, and the awful magnitude of 
atomic explosions is a nuclear phenomenon. A bar of 
metal which looks like a piece of iron can, when laid 
near another similar bar, become white hot and vaporize 
itself and in fact explode. Nothing in our normal 
experience with ordinary matter prepares us or equips 
us for this fact. Nothing in the libraries prepares us 
for this. All human experience throughout the ages 
until the atomic age was born has been restricted to the 
outer electronic portion of the atom. 

Therefore, college teachers and particularly teachers 
of college chemistry have an enormous task of acquaint- 
ing their students with the facts of nature, especially 
those facts which are not encountered in ordinary ex- 
perience. It is similar to the task the teacher in a 
school for the blind faces—to explain in understandable 
terms a whole world of reality of vital and immediate 
concern to the individual. Therefore, isotopic tracers 
ought to be more widely used as teaching tools in college 
chemistry, radioactive isotopes ought to be an 
everyday experience for college science students, and 
we should have radioactive reagents on the shelves 
in the ordinary chemistry laboratories so the students 
can be free to use these radioactive reagents for their 
regular experimental work in all the chemistry courses. 
Such a practice would increase the interest of the 
students in science and certainly would increase their 
general knowledge of the nuclear properties of matter 
such as radioactivity—a point that has become vital in 
many aspects of our everyday lives. 


USE OF GEIGER COUNTERS FOR ABSOLUTE 
ASSAY OF RADIOACTIVITY 

Most people know that radioactivity can be det:cted 
and measured with a Geiger counter. What is 1)0t 80 
generally known, however, is that the absolute nu uber 
of radioactive atoms can be determined in this way. 
It is true that the requirements for this absolute \\ssay 
are harder of fulfillment than those for the mere \uali- 
tative detection of radioactivity, but they can b« met 
and used by beginning students. In this way the } ower 
and range of the isotopic tracer technique is ext: 1d 
and the possible applications significantly increase 
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‘ATION 


One of the conditions for routine absolute assay is 
that the sample being measured should be placed 
cylindrically around the wall of the Geiger counter, for 
under these particular geometrical conditions the in- 
terposition of absorbing foils between the sample and 
counter results in an exponential decrease of the count 
rate, and this makes an absolute determination possible. 
In other words, a plot of the logarithm of the count rate 
due to the sample against the thickness of the absorber 
gives a straight line. This is true for essentially all 
known beta radiations to a fair degree of approximation. 
The reason is that the cylindrical geometry controls the 
very large effects of beta ray scattering. The beta 
rays, of course, are electrons themselves just like those 
making up the bulk of atomic matter and as a conse- 
quence there is a large tendency for them to be scattered 
because of the equality of mass. When an alpha par- 
ticle which weighs 7400 times as much as an electron 
passes through ordinary matter, the only collisions 
which can deflect it are those with the atomic nuclei, 
but in the case of the beta radiation the situation is 
different. For this reason the most popular types of 
Geiger counters in use at the present do not give ex- 
ponential absorption unless very special controls are 
used, and these controls are too complicated for begin- 
ning classes. However, Geiger counters are easy to 
use with a cylindrical placement of the sample so they 
can give absolute assays in a simple and routine way. 

The reason that the exponential nature of the absorp- 
tion is necessary is that it allows a good correction to be 
made for the self-absorption in the sample itself. The 
exponential character of beta radiation absorption 
curves under certain conditions has long been known, 
and it was shown some years ago that if the absorption 
of the radiation is exponential, the total self-absorption 
in a solid or liquid sample can be calculated imme- 
diately. If the absorption coefficient for the radiation 
in the material of the sample itself be 1/A, then the 
effective thickness of the sample considered to have no 
absorption is just A, and it has been shown that the value 
of \ is determined by the energy of the beta radiation, 
the formula for A for aluminum being: 


dar (mg./em.?) = 55 #3? (1) 


where £ is the upper energy limit of the beta spectrum 
in Mey. Therefore, this relation can be used to cal- 
culate \, from the table of isotopes given in a standard 
chart or reference book, from which the values of E can 
be obtained. Thus one is relieved of the necessity of 
measuring the absorption curves in each case. 

For materials other than aluminum, ) is to be cal- 
culated by taking the \ for the new material to be 
inversely proportional to 1 plus the mean atomic weight 
of the material divided by 100 (see Fig. 1). For 
copper, for example, 


With this methodology, the effective absorption of the 
air between the sample and the counter wall and of 
the counter wall itself can be taken into account and the 
only remaining corrections necessary are for the geom- 
etry, that is, the mean solid angle subtended by the 
sensitive volume of the counter at the position of the 
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INFINITESIMALLY THIN ON THICK Pb 


COUNT RATE 


INFINITESIMALLY THIN ON THICK Co 


INFINITESIMALLY THIN ON THICK Al 


INFINITELY THICK Co*CO, 


1 1 
10 20 
THICKNESS OF ABSORBER (mg/cm?) 


Figure 1. Ca‘ Absorption Curves in Al 


Emax. = 255 kev. 
Al Half-thickness 
Substrate (mg./em.?) 


Pb 4. 
Cu 4. 
Al 5. 
CaCO; 4. 


sample and for the scattering outward of radiation ini- 
tially directed into the body of the sample rather than 
towards the counter. 

The ratio of 4x to the mean solid angle we define as 
G (see equation (3) below and Figs. 2 and 3), and with 
this the count rate expected will be: 


R(e.p.m.) = — (2) 


= thickness of the air between the sample and the counter 
wall 
= reciprocal of the absorption coe‘ficient for the radiation in 
the air 
= thickness of the counter wall 
= reciprocal of the absorption coefficient of the radiation 
in the counter wall material 
thickness of the sample itself 
reciprocal of the absorption coefficient of the radiation 
in the material of the sample 
the sample area in cm.? 
geometrical constant 
= absolute specific activity in disintegrations per min. per 
mg. 
R is given in counts per min. 


Actually, the G values as used in this formula have in 
them not only the geometry factor but also an averaged 
correction for the back-scattering effect, so they cannot 
be calculated solely from the dimensions but must be 
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Figure 2. Thin Wall Flow Type Geiger Counter 


determined by measurement of some standard such as 
ordinary KCl whose natural radioactivity can be used 
for this purpose. Another equation which explicitly 
introduces the back-scattering term uses the true 
geometrical G. The G for equation (2) is about 
10-15% smaller. 

Equation (2) works quite well, giving results for a 
wide variety of beta ray standards accurate to 5% or 
10% under most conditions. For high energy beta 
rays where \ is large as compared to the size of the 
crystals constituting the sample, the G for a smooth 
sample surface is to be used. For soft beta rays, how- 
ever, it is necessary to use a factor which is larger, be- 
cause the surface consists of a layer of randomly oriented 
crystals for which the penetrating power ) of the soft 
beta rays is small compared to the size of the crystals. 
Of course for liquids or very finely divided crystals the 
hard beta or smooth surface G should be used even for 
soft beta rays. For normal crystalline samples as 
ordinarily prepared, however, G is too low and a larger 
value which applies to rough surfaces must be used. 
This number obtained by direct experimental measure- 
ment is 1.6 times larger than the smooth surface or 
hard betaG. In other words, we use a G determined by 
means of a hard beta standard—such as potassium, in 
a salt such as KCl, multiply it by 1.6 and thus obtain 
the G for soft beta radiation. A good dividing line 
between soft and hard betas is at a » value of 10 
mg./em.? which corresponds to an energy according 
to equation (1) or 0.32 Mev. 

The G for smooth sample surface (hard betas with 
\> 10 mg./cm.?) and counter long relative to sample 
is calculated by equation (3). 


0.85 x 
— cos“p/r) (3) 


p= distance from counter-wire to inner counter wall 
r = distance from counter wire to inner sample surface (0.85 
is the factor to correct for back-scattering) 


G (soft betas) = 1-6 @ (hard betas) (4) 


With this methodology (the appropriate use of 
equations (2), (3), and (4)) it is possible to take a 
material of known chemical composition and calculate 
the count rate to be expected from a known absolute 
specific activity o, or to convert an observed count rate, 
R, immediately into an absolute specific activity to an 
accuracy of about 5% or 10%. Of course, the absolute 
content of radioactive atoms in the solid can be cal- 
culated from the absolute specific activity by multiply- 


ing by the mean life of the material (the mean life 
is the half-life divided by 0.693). For Na®’, for example, 
with a 2.6 year half-life, the factor would be 2 million 
for d.p.m. In other words, it takes approximately 
2 million Na” atoms to give 1 d.p.m., and if a precipi- 
tate of sodium carbonate showed an activity of one 
thousand d.p.m/mg. it would contain 2 billion Na” 
atoms in each milligram of the solid. 

All of this can be done in a matter of a few minutes, 
and it will be observed that the actual physical measure- 
ment is very little different from the usual measurement 
made for determinations of relative values of radio- 
activity. The only special point is to control the dis- 
tance between the sample and the counter wall quite 
accurately. This can be done (see Figs. 2 and 3) by 
using machined plastic cylinders which surround the 
counter, leaving some space between the counter wall 
and the cylinder. On this surface is placed the filter 
paper on which the sample rests. The area of the 
sample exposed can be determined by laying over the 
precipitate a rubber mask in which a hole of known 
area is cut, or alternatively the mask can be laid on the 
inner surface of the sample cylinder and the solid 
sample poured into the hole and then smoothed out 
with a spatula. It is usually best, if the value is not 
too large, to use samples for which ],, the thickness of 
the sample, is several times \;. With this provision 
it is possible to make an absolute determination of the 
specific radioactivity of a solid in a matter of a very 
few minutes, which is good to 5% or 10%. 
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The table and figure show 
various features of this 
method. Figure 1 shows 
absorption curves for Ca*— 
the very useful radioactive 
exicium isotope—under var- 


conditions. Similar 
results are obtained with 
radiochlorine, Cl*, radiosul- 
fur. S*, and radiocarbon, 


all extremely valuable 
conveniently long-lived iso- 
topes in the chemical labo- 
ratory. The table gives the 


data for the penetrating 
power of these isotopes. 


LABORATORY 
EXPERIMENTS 


The following five experi- 
ments illustrate the utility 
of the methodology just dis- 
cussed. The radioactively 
labeled reagents required 
are: 


6 N H.S*O, (108 disintegrations per minute S*/ml.) 
6 N HCI* (10° d.p.m. Cl*¢/ml.) 
Solid NasC*O; (10? d.p.m. C!*/mg.) 


Analysis of a Solution for SO,-~ Both Radiochemically 
and Gravimetrically 


To 100 ml. of approximately 0.20 M Na,SO, add accurately 
0.10 ml. of 6 N H.S*O,, stir, heat, and add excess hot 1 M BaCl, 
solution to precipitate BaSO,. Filter, dry, weigh, grind, and 
place smoothly in 10-cm.? area in 1-mm. thick rubber mask on 
inner surface of plastic cylinder which clips around thin wall 
(2 mg./em.*) flow counter of 2 in. diameter with sample surface 
4 mm. from wall. With these dimensions, the hard beta or 
smooth surface G = 2.20. 

Calculate opaso,, convert to o for SO,-~, and calculate amount 
80,-~ in unknown from dilution. 

For example, if the count rate is 100 c.p.m. above background, 
then from equation (2): 


10 X 3.3 X (1.27/1.39) 


2.20 X 1.6 ~ ¢ 


100 


Since the precipitate is thick with respect to 3.0 mg./cm.*, the 
\ value for S® in BaSQO,, the last term in equation (2) has been 
omitted. Therefore, 


oaso, = 100/4.63 = 21.6 d.p.m./mg. 
o30, = 21.6 (233.4/96) = 52.2 d.p.m./mg. 
= 15,000 d.p.m./ml. of 6N H.SO,. 


This indicates a 66.6-fold dilution (10°/1.5 X 10‘). In 100 
ml. of unknown there is then 65.1 times as much SO,~~ as in 
0.1 ml. of 6 N H:SO,. This weight of SO,-~ is 1.89 g., (6 X 0.1 X 
0.048 < 65.1). The corresponding weight of BaSO, precipitate 
should be 4.65 g. 


Demonstration of Crystal Growth and Consequent 
Decrease in Surface Area of Freshly Precipitated AgCl 


Precipitate approximately 1 g. of AgCl, decant the supernatant 
liquid, wash, decant and add immediately 10 ml. 6 N HCI* in 
100 ml. of distilled water, shake five minutes, filter on Biichner 
filter, wash well, dry, weigh, and count by placing filter paper in- 
side plastic cylinder around thin wall counter. Repeat after 
allowing AgCl to stand five minutes in its precipitating solution 
before adding HCI* solution as described. 

If the exchange between the crystalline chloride and dissolved 
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LUCITE CYLINDER SPLIT IN TWO 
EQUAL HALVES ALONG AXIS 


SOLID SAMPLE BEING MEASURED 
AREA Alem?) THICKNESS fe (mpjem?) 
COUNTER WALL THICKNESS AND GEOMETRY FACTOR G FOR HARD BETAS 
(WITH A> lOmgjem?) AND 1.6G FOR SOFT BETAS 


Figure 3. Sample Placement 


chloride was 50% complete in the case of the fresh AgCl, then 
oagci Would be: 


= 


1 
0.5 X 10° + (10 X 6 X 10-3? x | 


5.20 d.p.m./mg. 


If the filter paper had an area of 20 cm.* the count rate should 


— 2-2 X 20 46 X (1.27/1.72)e 2.088 (1 — 


2.20 


1180 c.p.m. 


Therefore, the fraction exchange will be 0.50 R/1180. Calcula- 
tions for the two precipitates will reveal the great decrease in 
exchange for the aged one, presumably due to crystal growth and 
consequent decrease in total surface area. 


Following Radiochemically the Precipitation 
of Basic Carbonates 


To excess hot dilute CaCl, AICl;, SnCl, solutions add in each 
case 0.1 g. NasC*O; dissolved in hot water. Filter, dry, and 
count in 10-cm.* area hole, in rubber sheet inside plastic sample 
cylinder. 

For carbonates the count rates should be 


Reaco; = 
10 10% (106/100) 2.7 X 
1.6 X 2.20 


3950 c.p.m. 


RaiCOs)s 
10 X 103 (106/78) K 2.7 K(1.27/1.17) 
1.6 X 2.20 


5200 ¢c.p.m. 


Rsaco; = 
10 X 10% X (106/175) 2.7 X @—2/8.3 
1.6 X 2.20 


2020 c.p.m. 


Comparison with observed rates will show that the precipitates 
are essentially CaCO;, Al(OH);, and Sn(OH)s. 
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Assimilation of C4 by Growing Plants 


Transplant about 20 g. of full-grown plants of some luxuriant 
variety such as barley to a small dish of nutrient solution. Place 
beside them a shallow dish containing 1 g. of NasC*O; in a pile 
beside which but not touching is a spot of concentrated H.SO,. 
Put a bell jar over the assembly, move into the sunlight, shake 
the Na,CO; powder into the acid or vice versa and allow to 
stand two or three hours. Remove the assembly outdoors, open, 
and bring the plants inside. Count and determine the amount 
of carbon taken in either by growth or photosynthetic exchange 
during the experiment. (Note: In order to count accurately, it 
would be well to freeze the plant with liquid nitrogen or dry ice 
and grind cold in a mortar and pestle. Then the powdered plant 
can be counted in an absolute way as previously described.) 

If excess plant material over 30 cm.? area gave 500 c.p.m., then 
the absolute specific activity could be calculated from 


30 X 2.7 X (1.27/1.06)o e-%-47/3.0 ¢—2.0/3,3 
1.6 X 2.20 


from this o turns out to be 39 d.p.m./mg. which corresponds to 
0.039 mg. NazC*O;/mg. or 0.0047 mg. C* assimilated per mg. of 
plant. 


The Degree of Uniformity of Carbon Assimilation in 
Three-hour Growth of Plants 

Take the barley or other plant material from the previous 
experiment, extract with hot water, count residue, and compare 
with the count rate for the unextracted material. 

A considerable decrease probably will be observed due to the 
slowness with which the large cellulose type molecules are syn- 
thesized. If a quantitative measure is desired, burn original 
plant and extracted material separately, collect the combustion 
gas in NH,OH and precipitate CaCO; for absolute counting. 
The rates should be easily measurable in both cases, for even the 
fibrous plant material will gather considerable carbon photosyn- 
thetically in three hours’ exposure as described. 


CONCLUSION 


The student and instructor both will see many ways 
of using the radioactive reagents to check and elucidate 
points in the standard experiments in general chemistry 
and qualitative and quantitative analysis. Their 
ready availability together with a rugged cylindrical 
thin wall counter make a tempting combination to the 
abler and more interested students even though they 
may be beginners in the subject. The ideas and prin- 
ciples involved are readily assimilated. 

These innovations may help interest the students in 
science so that more students will turn to chemistry or 
physics or engineering. Even for those who do not do 
so, some of the essential facts about radioactivity and 
radiation may be remembered—a very desirable end in 
itself as our whole society moves further into the atomic 
age. They should help bring about a general under- 
standing of the new nuclear world and open up for our 
whole society the potentialities of the Peaceful Atom. 
Isotope uses alone will repay many times over the total 
costs for all military and peaceful atomic developments 
—for they are nearly doing so now. Isotope teaching 
will hasten the day of fulfillment and maximum bene- 
fits, so let us all put radioactive sulfuric and hydro- 


chloric acids and radioactive sugar and radioacti:e 
ethyl alcohol on our reagent shelves tomorrow. Ex- 
periments such as the ones described require a spec!al 
Geiger counter, but these can be readily assembled .s 
shown in Figures 2 and 3 (described in “Large Thin 
Wall Geiger Counter,” T. T. Suemara, R. L. Woxr- 
GANG, and W. F. Lippy, Rev. Sci. Inst., 24, 511(1953 ). 
The counter operates on a mixture of helium and n- 
butane gas (1.3% butane by volume) at atmospheric 
pressure, the gas flowing through slowly. The voltage 
required is about 1200 volts and any ordinary electroiiic 
equipment normally used with Geiger counters can be 
employed to supply the voltage and to amplify and 
record the pulses. 

The radioisotopes required can be obtained in the 
amounts needed (a few or a few hundred microcuries) 
and without the necessity of involved paper work 
through a General License. 

The Atomic Energy Commission has determined 
that small quantities of radioisotopes are not particu- 
larly hazardous to use in normal laboratory and research 
operations provided, for example, they are not taken 
internally. At one time these quantities were referred 
to as “exempt quantities” in the sense that no formal 
approval was needed for their purchase. With the 
formalization of the entire system of byproduct licen- 
sing as one result of the Atomic Energy Act of 1954, the 
term “exempt quantity” was dropped and a new term 
“General License’ was substituted. It is still not 
necessary for the purchaser to obtain formal approval 
from the Atomic Energy Commission to acquire, for 
example, ten microcuries of chlorine-36, or 100 micro- 
curies of iodine-131 or 500 microcuries of sulfur-35 or 
500 microcuries of carbon-14 or any combination 
thereof, provided, first, that he has no more than this 
quantity on hand at any one time and, second, that he 
agrees not to use them internally in any way. ‘These 
restrictions are, as you can see, primarily for the pur- 
pose of satisfying certain health and safety require- 
ments. In return, the Atomic Energy Commission 
considers it not necessary to inspect the facilities of the 
user. For those who are interested further, the 
details are presented in Atomic Energy Regulations on 
the Licensing of Byproduct Material (Title 10, Part 
30, Section 30.21) copies of which are available. 

It is quite permissible to order additional quantities 
of radioisotopes as needed either from the Atomic 
Energy Commission directly or authorized commercial 
suppliers with no more than a statement that the 
isotopes will be used under the General Licensing 
provisions. It is only in the larger quantities that the 
Commission feels it necessary to require an application 
for what is known as a “Specific License,”’ for here the 
possibility of radiation hazards, for example, incre:ses. 
Specific Licenses are granted for amounts up to tes of 
thousands of curies. 


“We scarcely notice events we are accustomed to; the latter do not really develop 
their intellectual significance until placed in contrast with something to which we are 


unaccustomed.”’ 


Ernst Macu 
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PROBLEM 


Since before the dawn of history, man’s most pressing 
problem has been obtaining food. It is difficult for 
those of us who live in a country troubled by food sur- 
pluses to realize that more than half of the people in the 
world do not have enough to eat. In 1798, when Mal- 
thus published his famous treatise, ““An Essay on the 
Principle of Population as It Affects the Future Im- 
provement of Society,” he believed that he had proved 
that the inevitable controls on population are disease, 
starvation, and war. Yet, since the time of Malthus, 
a higher and higher proportion of the world’s people 
have been adequately nourished. As population con- 

‘ trols, other than the classical ones, become more widely 
adopted in overpopulated countries, such as China 
and India, the possibility exists that within the foresee- 
able future food supplies may be brought into balance 
with demand. 

The progress made so far has been largely brought 
about by (a) improved transportation which enables 
food surpluses to be moved to deficiency areas, (b) 
chemical fertilizers, (c) better refrigeration and other 
means of food preservation, (d) improved agricultural 
practices, (e) more productive strains of plants and 
animals, (f) greater utilization of sea food, (g) the newer 
knowledge of nutrition, and (h) improved pesticides. 
The role of chemistry has been chiefly in supplying 
fertilizers, pesticides, refrigerants, food preservatives 
and synthetic vitamins, and a clearer picture of what 
constitutes a balanced diet. 

One of the most remarkable facts about sucrose is 
that sugar cane will furnish more food energy per acre- 
year than any other plant (/) which is widely grown on 
acommercial scale. Thus the average figure for Hawaii 
is nearly six tons of crystallized sugar per acre-year. 
Only 0.06 acre is needed to furnish the million calories 
required to feed the average person for a year. 

Sugar beets require about 0.12 acre (U.S. average 
last year) for the million calories but, in addition, they 
furnish more cattle feed in the tops, molasses, and 
extracted cossettes than any other crop will supply. 

It might be supposed that the overpopulated coun- 
tres, such as India and China, would be using these 
uniquely productive plants to the limit. The facts 
are, however, that India uses about twenty-five pounds 
of sugar per capita per annum, and China about one 
pound. It is only countries with plentiful food sup- 
plies of all kinds which consume about one hundred 
pounds of sugar per capita per annum. 

The reason for this paradox is that wherever food is 
= protein foods are most difficultly obtained. 


* The term “suerochemistry’’ means the synthetic industrial 
organic chemistry based upon sucrose and its byproducts. 
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® SUCROCHEMISTRY' AND THE WORLD FOOD 


H. B. HASS 
Sugar Research Foundation, Inc., New York, N. Y. 


Proteins, represented by lean meat, fish, and cottage 
cheese, are not present in fully refined sugar, and raw 
sugar contains only a trivial amount. Where proteins 
are in short supply, cereal grains, which contain ap- 
preciable amounts of them, must be preferred to sugar. 
Protein is indispensable for human nourishment. It 
seems unlikely that the present world sugar usage of 
about thirty-five pounds per capita per annum can be 
tripled to approximate that of the more favored nations 
until the protein problem is solved. 

Experimental animals have been raised in com- 
pletely normal health (2) over the entire life span, on a 
diet consisting of 65-85% refined sugar. It is not 
believed that such a diet would ever prove palatable to 
man, but these experiments answer the nutritional 
questions involved. 

It is evident from the foregoing facts that the sucrose 
industry could make a tremendous contribution to the 
world food problem if it could develop means for the 
efficient utilzation of its byproducts to augment the 
supply of protein suitable for human nutrition. 


PROTEIN FROM SUCROSE INDUSTRY BYPRODUCTS 


The basic tools for solving this problem were forged 
by Haber, who discovered how to synthesize ammonia 
from hydrogen and nitrogen, and by Kellner (3), who 
discovered in 1900 that ruminant animals (cattle, 
sheep, goats, etc.) can utilize non-protein nitrogen for 
the synthesis of the proteins of meat and milk. 

This comes about because the rumen contains a wide 
assortment of bacteria and protozoa. More than one 
hundred species have been isolated from the rumens of 
cattle alone. These microorganisms can utilize such 
materials as ammonium salts and urea with soluble and 
insoluble carbohydrates to produce a spectrum of fatty 
acids and proteins. The rumen contents pass into the 
digestive system of the animal and are utilized there. 

An alternative way of producing protein is to culture 
Torula yeast on molasses with a plentiful air supply and 
the gradual addition of ammonia. This has been the 
subject of much research. Commercial plants are in 
operation in the United States on wood sugars, which 
are byproducts of papermaking, and in Taiwan and 
Cuba, using cane molasses. One of the principal dif- 
ficulties here is the reluctance of people to change their 
food habits. 

Another approach is to upgrade cereal proteins which 
are somewhat deficient in three of the essential amino 
acids—lysine, methionine, and tryptophan. When 
the body synthesizes a given protein, it can use the 
constituent amino acids—the building blocks—only in 
a fixed ratio which is determined by the amino acid 
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content of the protein being formed. An excess of any 
amino acid, or group of amino acids, over the required 
amount, actually retards protein synthesis. The excess 
amino acids are utilized for energy and the nitrogen 
excreted as urea. 

It is evident that fortification of cereal proteins with 
the deficient amino acids would be equivalent to a large 
increase in our protein supply. Methionine is easily 
made from petrochemicals and is widely used as a feed 
additive. Lysine was recently announced as commer- 
cially available from a fermentation process. The 
tryptophan problem is still unsolved, but should yield 
eventually to the efforts of synthetic organic chemists 
and/or biochemists. 

The use of more nitrogenous fertilizer increases the 
protein content of grasses and helps to supply protein 
for grazing animals. 

In 1942, an American chemist, H. C. Millar (4), 
described the ammoniation of solid farm wastes such 
as straw, corn stalks and cobs, and sugar beet pulp. 
This last term refers to beet slices after the sucrose has 
been extracted with hot water. The treatment of 
these waste materials with ammonia at elevated 
temperatures and pressures causes their nitrogen con- 
tent to rise, and much of this increase remains after all 
free ammonia has been driven off. In 1952, a similar 
process was invented by Hugh Stiles (6) for various 
kinds of molasses. 

The Millar process was presented to the United 
States Beet Sugar Technologists in 1942, carefully 
tested both in this country (6) and in England (7), and 
abandoned. The chemical engineering difficulties in- 
volved in getting the bulky, porous beet pulp in and out 
of a pressure zone and controlling the temperature 
during the exothermic reaction seemed almost insuper- 
able. Bergius (8) solved a similar problem in the 
hydrogenation of coal by suspending powdered coal in 
phenol—a technic inapplicable here. 

Some of the feeding tests had shown excellent results, 
but others had resulted in poor gains compared to con- 
trol animals which were fed standard protein concen- 
trate. 


AMMONIATED BEET PULP 


For the decade 1943-53, the ammoniation of beet 
pulp was in the limbo of processes which failed to make 
the grade. Then research at Herstein Laboratories, 
Inc., sponsored by Sugar Research Foundation, Inc., 
discovered that (a) no pressure above one atmosphere is 
required for this reaction and (b) no external heating is 
necessary (9). This made the chemical engineering 
extremely simple. A gas-tight container and a source 
of ammonia are all that is required. 

The chemistry of the process centers largely around 
the pectin content of the beet pulp. Pectin is a poly- 
meric carbohydrate containing numerous carbomethoxy 
groups and a smaller number of carboxy] units. 

The heat of the neutralization reaction 


— + 
—CO:H + NH; —CO:NH, 


raises the temperature sufficiently so that the carbo- 
methoxy groups are attacked. 


—CO,CH; + NH; ~ —CONH, + CH;OH 


Thus the ammoniated pectin resembles a protein in 
being a polyamide, although of a quite different type. 

Since this process differs materially from that of 
Millar, it was necessary to evaluate the new product as 
a source of non-protein nitrogen for ruminants. Pre- 
liminary tests in the artificial rumen at Cornell Uni- 
versity (Professor R. F. Davis) were more than fay or- 
able. The microorganisms from a bovine rumen lhiad 
dissolved twice as much cellulose in the presence of 
ammoniated beet pulp as in the control test in which 
the non-protein nitrogen had been supplied in the form 
of ammonium salt. 

This exciting result was completely unexpected and 
led to a series of carefully controlled feeding tests on 
beef cattle, first by Amalgamated Sugar Company, 
Ogden, Utah? and more recently by Oregon State 
College (10). More recent feeding tests are being 
conducted at Utah State Agricultural College on sheep, 
and at The National Institute for Research in Dairying, 
Shinfield, England, on dairy cattle. 

In all but two of these eight tests the ammoniated 
beet pulp has given greater daily gains and higher feed 
efficiencies than the true proteins used with the controls. 
The test at The National Institute for Research in 
Dairying was particularly precise because twelve pairs 
of identical twin calves were used and the control 
protein was peanut meal, a very high-grade feed. With 
identical hereditary factors on both sides of the experi- 
ment, the ammoniated beet pulp and peanut meal 
gave identical performance. 

Of the sixteen million tons of beet sugar produced 
annually, about thirteen million tons are made in 
Europe, which is an area deficient in protein feeds. 
The dried beet pulp available is about five million tons. 
These facts indicate that both in England and on the 
Continent the ammoniation of beet pulp can grow into 
a major new industry. Since beet pulp, which normally 
has a protein content of 7% can be given a protein 
equivalent value (N X 6.25) of 20%, the possible net 
gain corresponds to about 650,000 tons of pure protein 
feed annually. 


AMMONIATED SUGAR CANE BAGASSE 


When the ammoniation of beet pulp began to look 
favorable, it was inevitable that the question should 
be raised as to the possible value of ammoniating sugar 
cane bagasse. This is the residue from the cane stalks 
after the juice has been extracted. 

Here the chemistry is quite different because bagasse 
is very low in pectin and consists, on a dry basis, of: 

54%—cellulose 
19%—lignin 
27%—pentosans and other hemicelluloses 

Instead of the tender, friable beet pulp we have here 
a tough, harsh material usually burned under the 
boilers at the sugar mills, but also widely used for 
making building board and paper. For these latter 
purposes it is desirable to separate the fibers from the 
pith. Bagasse pith isa relatively fine, powdery m: terial, 
constituting about 30% of the total weight. At present 
it is illegal, in some states, to use bagasse in cattle feed 


? The author wishes here to express publicly his appreciation of 
the energy and intelligence of Frank Rawlings, Research | )irector 
of Amalgamated, who pushed this project through pilot plant 
and into commercial operation. 
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because it is regarded as not only having little or no 
feed value, but also interfering with the digestibility of 
other feed ingredients. 

Professor George K. Davis, University of Florida, 
became concerned with the scarcity of suitable roughage 
for cattle during the winter months in that state. A 
three-way arrangement was negotiated with United 
States Sugar Corporation, Clewiston, Florida, furnish- 
ing the ammoniated bagasse pith, the University of 
Florida conducting feeding tests, and Sugar Research 
Foundation defraying the expenses. Control tests 
were run with cottonseed meal as the protein. Other 
tests have been run with ordinary (unammoniated) 
bagasse pith, urea, and cane molasses in Mauritius and 
in Florida. 

Results of the tests, some of which are still underway, 
have been reported elsewhere but it is now clear that 
both ammoniated bagasse pith and urea-bagasse pith 
with molasses are of value in ruminant nutrition as 
protein-equivalent feeds. It looks as if urea-bagasse 
pith is utilized by cattle somewhat more efficiently than 
the ammoniated product. 

Approximately nine million tons of bagasse pith 
are produced each year, but most of it is burned as whole 
bagasse. As more and more bagasse paper plants are 
built, bagasse pith will be available for feeding in in- 
creasing amounts. 

The ammoniation of beet pulp may not be fully 
utilized for a considerable time because of the necessity 
of drying the material prior to ammoniation. Much 
wet pulp is now converted directly to silage with a large 


loss in nutrient value. Eventually, in any case, it must 
be dried to prevent this waste. There is also the dif- 
ficulty that many contracts between sugar beet farmers 
and beet processing plants are written so that the 
farmer owns the pulp. It would be uneconomical for 
individual small farmers to install ammoniating equip- 
ment. These details presumably can be solved in time. 

It has long been the belief that in areas of the world 
where the population is limited by the available food 
supply, anima] protein must give way to a vegetarian 
diet, depending principally on the cereals. If present 
research trends continue, however, it appears that such 
a cereal diet can be enriched with sugar, milk, and meat, 
with a net gain in protein, fat, vitamins, and minerals, 
as well as in calories. 
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NATIONAL ORIGIN OF JOURNALS REVIEWED BY CHEMICAL ABSTRACTS: 


Country 
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Brazil 
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Poland 
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US.S.R 
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All others 
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1 Based on information in Chemical a. 1956 List of Periodicals obtainable from American 


Chemical Society, Washington 6, D. C.; 


: $5. 
? For the whole of the British fe cae Ay in 1956 the total for abstracted journals was 913 


and the percentage was 13.0. This a. 


States ~~ not total 50%, but it is believed 
English language. 
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figure plus the corresponding figure for the United 
t close to half of chemical publication is now in the 


1956 1946 1936 
No. of No. of No. of 
journals % journals 
77 
72 
58 
96 
107 
381 
225 
450 
95 
158 
188 
78 
32 
37 
79 
70 
334 
1175 
606 
585 


CHEMICAL EFFECTS OF IONIZING RADIATIONS 
ON AQUEOUS INORGANIC SOLUTIONS’ 


Rapiarion chemistry is a rapidly expanding branch 
of chemistry. This growth is due in part to the post- 
war availability and development of powerful radiation 
sources and in part to its many applications to prob- 
lems in chemistry, biology, and pile technology. The 
present paper deals specifically with the chemical 
changes induced in aqueous solutions under irradiation 
by a-rays, B-rays, X-rays, and y-rays. The mechanism 
of free radical formation, the principles of chemical 
dosimetry, the determination of primary yields of 
molecular products and free radicals, and the kinetics 
of some chemical reactions in aqueous solutions are 
discussed. 

The broad aspects of the interaction of ionizing 
radiations with matter have been treated previously in 
THIS JOURNAL by Burton’s “An Introduction to Radia- 
tion Chemistry” (7). Early work using a-particles 
and electrons is covered by Lind (2). Recent detailed 
reviews on this subject may also be found in Volumes 
1-7 of the Annual Reviews of Physical Chemistry (8). 
Review papers by Lefort (4) on chemical effects in 
aqueous solutions, and by Miller (5) on dosimetry are 
also recommended for additional study. 


PRIMARY PROCESSES 


The ionization and dissociation processes which occur 
when electromagnetic radiation or charged particles 
interact with water have been described by Lea (6), 
Dainton (7), Allen (8), and Magee and Burton (9). 
X-rays and y-rays lead to the ejection of photo- and/or 
Compton recoil electrons capable of producing multiple 
ionizations of the water. The average energy loss 
per cm. of track is given by Bethe and Ashkin (10) 
for electrons at relativistic velocities: 

( —dE mee 

dz electrons mv? B?) 

(2(1 — — 1 + Bt) log2+ 1 — 


where 

energy of the incident particle 

mass of the electron 

charge on the electron 

velocity of the particle 

velocity of light 

v/e 

number of atoms/cc. of matter irradiated 
nuclear charge 

average excitation potential of the atom 


For protons, a-rays, and other heavy particles, the 
rate of energy loss is much greater than for electrons. 


1 Based on work performed under the auspices of the U. S. 
Atomic Energy Commission. 


EDWIN J. HART 
Argonne National Laboratory, Lemont, Illinois 


The energy loss equation for heavy particles, usually 
employed at nonrelativistic energies in radiation 
chemistry studies, is: 

—dE 4retz? 2mv? 

where the definitions of symbols are identical to those 
used for electrons and z = charge on the particle. 
Since the velocity of heavy particles for a given energy 
is much less than that of electrons of this energy, the 
principal effect of heavy ions is to increase the energy 
loss parameter. Numerical values of these parameters 
taken from Lea (6) are given in Table 1 for electrons, 
protons, and a-particles. 


TABLE 1 
Energy Dissipation by Ionizing Particles (6) 


Particle Energy (Mev.) 


Electron 


“cc 
Proton 


“ 


a-Particle 
“ 


_ 


0.10 
0.48 
1.0 
5.0 
0.0 
1.0 
5.0 
0.0 


“ 


&. 


e 
10 A. DIAMETER 
IONIZATION BY 0.5 MEV. ELECTRON 


A. DIAMETER 
+ (B) 


IONIZATION BY AN @-PARTICLE 
Figure 1. Relative Track Densities of Electrons and a-Particles 


The distance between successive ionizations in the 
path of a primary recoil electron produced by Co" 
y-rays is of the order of 1000 A. Consequently, @ 
rather sparsely ionized track is obtained. At each 
point of ionization, secondary electrons promote 
further ionization of the water (reaction 2) and orm 4 
group of ion pairs. These are represented by 4 I 
Figure 1, and are postulated to have an original di: meter 
of the order of 10 to 20 A. (11, 12). a-Particles 
form an essentially continuous track of ionization 
(B of Figure 1) resulting from overlapping spheres of 
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jonization. The ions are converted to free radicals 
by the following processes: 


H,0 + = H.O* + ea + (1) 
H.O + ean = H.O+ + Ce(n+1) + 
H.O +e= H.O* + + 
H.O + = + €s(n+1) + 
H,O+ + H.O = H;0+*(aq) + OH (3) 


H,0 + (es or en) =H + OH ~(aq) (4) 


(2) 


where e. = recoil electron, én = recoil electron after 
the nth ionization, e, = secondary electron, e;, = 
secondary electron after the nth ionization. 

Reaction (1) is the primary ionization process 
initiated by a recoil electron (e,). Secondary electrons 
(e,.) and the original slightly degraded recoil electron 
(ex) continue ionization processes represented by 
reactions (2). Depending on the velocity of the 
ionizing particle, these ionization processes require 
of the order of 10-1* to 10—"8 sec. (13). The conversion 
of H.O*+ into a hydroxyl radical (reaction 3) requires 
about 10-" sec., the time of dielectric relaxation and 
orientation of dipoles. The thermalization and capture 
of electrons (reaction 4) forming a hydrogen atom also 
requires a time of this order of magnitude. The 
results of these ionization processes is a net dissociation 
of the water molecule according to reaction (5). 


H.0 = H + OH (5) 


Another important source of free radicals for ionizing 
radiations is dissociation by excitation without ioniza- 
tion. Processes of this type, occurring within 10—% 
sec., take place in between the ionization spurs and add 
to the net formation of free hydrogen and hydroxyl 
radicals. In view of the low local concentration of 
free radicals resulting from excitation, there is little 
likelihood of pair-wise recombination of these radicals 
to form hydrogen and hydrogen. peroxide. In gases, 
the number of molecules dissociated by excitation is 
about equal to the number dissociated by ionization 
(15). It is likely that dissociation processes are of 
equal importance in liquids. 


SECONDARY PROCESSES 


After conversion into free radicals but before appreci- 
able diffusion has occurred, the original ionization 
spheres of Figure 1 may contain several pairs of hydrogen 
and hydroxy] free radicals (Figure 2). 

Hydrogen and hydrogen peroxide are postulated to 
be formed by the pair-wise recombination of hydrogen 
and hydroxyl free radicals according to the reactions: 


H+H =H (6) 
OH + OH = HO, (7) 


On the basis of this theory, approximately one half of 
the fre radicals react to re-form water, 


H + OH = H.O (8) 


The ra:lical-diffusion model accounts satisfactorily for 
the production of hydrogen and hydrogen peroxide. 
This las been demonstrated by the mathematical 
treatments of Samuel and Magee (1/1), Fricke (12), and 
Schwarz (14). An elementary schematic representa- 
tion of ‘hese diffusion reactions appears in Figure 2. 
The possibility of direct molecular dissociation of 
excited water molecules to give hydrogen and hydrogen 
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4H20*4H+40H 


Ho 
20H * 
H+OH = HoO 


4H20 = Ho t Hp +H+0OH 
Figure 2. Di jiation and Recombination in ‘‘Hot Spots"’ 


peroxide will be discussed later. Reactions (6)—(8) 
occur during diffusion and reactions of the radicals 
within 10~” sec. of the time of passage of the ionizing 
particle (73). 

If the solute species are present at concentrations 
above 10-* M, hydrogen and hydroxy] radicals escaping 
reactions (6), (7), and (8) may react with the solute. 
These reactions occur in the volume of the liquid 
appreciably outside the original ionization sphere. 

Regardless of the genesis of the free radicals (H and 
OH) and molecular species and H,O.), the basic 
radiation induced water decomposition equation is: 


H.O = aH: + bH,O;, + cH + d(OH) (9) 


Equation (9) is important in explaining chemical 
phenomena associated with the irradiation of aqueous 
solutions. Since rate constants of radical-radical 
reactions are, in general, orders of magnitude greater 
than radical molecule reactions, hydrogen, hydrogen 
peroxide, hydrogen atoms, and hydroxyl radicals 
appear as primary products of the irradiation. Only 
at solute concentrations above 0.01 M does the solute 
begin to interfere seriously with the yields of hydrogen 
and hydrogen peroxide assumed to be formed by 
reactions (6) and (7) (14). An important task under- 
taken by radiation chemists is to measure the yields 
of these molecules and radical species formed in water 
by a representative group of ionizing radiations. 


CHEMICAL DOSIMETRY 


Dosimetry of the ionizing radiations is a prerequisite 
for quantitative studies in irradiated systems. Owing 
to the wide variation in ionization density between 
radiations of different quality, it is desired to determine 
energy absorption in the system rather than the radia- 
tion flux. 

Much of the work reported in the two previous 
decades has been in units of the roentgen (r.)? or 
kiloroentgen (1000 r.). When low intensity X-ray 
tubes only were available as radiation sources, it was 
more convenient to measure the total energy absorbed 
in a given volume of air by ionization than by calor- 
imetry. Upon irradiation, air becomes ionized and 
when a voltage sufficient to collect all the ions formed is 
applied across the irradiated zone, the so-called “satura- 

2 A roentgen is defined (1937) as the quantity of X- or y- 
radiation such that the associated corpuscular emission per 


0.001293 g. of air produces, in air, ions carrying 1 electrostatic 
unit of quantity of electricity of either sign. 


~ 20 A. 
(6) 
37 
117 
07 
6 
4 
—-| (A) 
. 
587 


tion” current through a given volume of irradiated 
“air is a measure of energy absorption. The equation 
for energy absorption per roentgen per gram of air is 
given by: 


E “a 
w 
= 87.70 ergs/r.g., air 


= 2.082 X 10°, number of ion pairs/roentgen 
0.001293, weight in grams of 1 cc. of air under stand- 
ard conditions 
34, energy in electron volts required to produce one 
ion pair in air 
1.602 X 10-12, factor for converting electron volts 
into ergs 


As water has a much greater density than air, 
relatively more X-ray or y-ray energy is absorbed per 
unit volume in water than in air. In addition, water 
has more electrons per unit mass than air. Correcting 
for these factors, it is found that: 


ergs 


r wr r.ml. water 


By =:97:54 

Ionization methods of dosimetry have largely been 
abandoned by chemists in favor of the widely accepted 
Fricke Dosimeter (17). This dosimeter, as currently 
used, consists of an air saturated solution containing 
0.001 N ferrous sulfate, 0.001 M sodium chloride in 
0.8 N sulfuric acid. Exposure of this solution to 
ionizing radiations results in the oxidation of the 
ferrous ion. The amount of chemical change is 
proportional to the total dosage, is independent of the 
dosage rate, and within wide limits is independent of 
ferrous ion, ferric ion, and oxygen concentrations. 

Chemical yields in aqueous solution are expressed in 
units of molecules formed/100 ev. (electron volts) of 
ionizing energy absorbed. The symbol, G(Fe**), is 
used to denote the number of ferric ions formed/100 
ev. Ferric ion concentrations are usually measured by 
spectrophotometry or by potentiometric titration. 
Hochanadel and Ghormley (/8), using calorimetry to 
measure Co® y-ray energy absorbed in 0.8 N sulfuric 
acid, obtained a yield of G(Fet*) of 156 + 0.3 
Fet*/100 ev. 

Dosage is readily calculated for any type of radiation 
from G(Fet*) and the amount of ferric ion formed, as 
follows: 


E(ev./l.) = ) x 6.02 


100 
= 38.6 X 10%3C (for Co y-rays) (10) 


where C = the increase in Fet* concentration in 
moles/liter produced by the exposure. 


3 Originally Fricke developed the ferrous sulfate dosimeter for 
applications in X-ray therapy. For this use, it was essential that 
the chemical dosimeter and the standard air ionization chamber 
have identical relative responses to X-rays of different wave 
lengths. Fricke estimated that the necessary equivalence of 
the ferrous sulfate solution and air would be obtained if the aque- 
ous medium was 0.8 N in sulfuric acid. Agreement to within 
1% was found experimentally between these dosimeters in the 
wave length range of 0.20 and 0.75 A. after corrections were 
made for the decrease in intensity of the radiations as they passed 
through the media of the two dosimeters. While no special ad- 
vantage is gained by the use of the 0.8 N sulfuric acid dosimeter 
in purely chemical studies, custom dictates its continued usage. 


Table 2 gives typical yields for a number of differ: nt 
radiations. 

Ferric ion yields for high energy electrons and 
y-rays have a maximum G(Fet*) of 15.6. Densuly 
ionizing particles with a high linear energy trans/er 
have a lower limit of G(Fet*) of about 3.0 whicl is 
obtained for U** fission fragments. Other particles 
listed in Table 1 have G(Fet*) values between these 
two extremes. 


TABLE 2 
G(Fet*) for Ionizing Radiations 


G(Fe**) 
15.45 + 0.3 


Refer: nces 


(19) 


Radiation 


Electrons 

Co® y-rays (1.1, 
1.3 Mev.) (18) 

Electrons 3 (5, 20) 

Deuterons (21, 22 


o 


Protons 


a-Particles Po?! 
Lif(n, 
«)Li? 
U2 Fission 


NS 


The manner in which this ferrous sulfate system is 
used to calculate molecular product and radical pair 
yields is discussed in the next section. 


MOLECULAR PRODUCT AND FREE RADICAL YIELDS 


With a sound basis for dosimetry established, the 
next step is to determine the yields of hydrogen, 
hydrogen peroxide, hydrogen atoms, and hydroxy! 
radicals resulting from the decomposition of aqueous 
solutions (equation 9). Experience has shown that 
these yields, designated in the following discussion as 
g(H2O2), g(H), and g(OH), respectively, depend 
on the reactivity of the solute and on the solute con- 
centration. In this paper, lower case g’s will be 
reserved for the yields of primary water decomposition 
products whereas capital G’s will refer to the yields of 
products experimentally observed. g(H) and g(OH), 
it must be remembered, refer only to the yield of those 
radicals surviving the recombination reactions (6) 
to (8) and capable of reacting with the added solute 
molecules. These primary radiation yields are useful 
in determining the ability of a given radiation to form 
products and in deducing mechanisms of reaction~. 

A brief outline of the method of calculating these 
primary yields follows: 

All chemical methods of measuring these yic'ds are 
based on the assumption that the mechanism of the 
reaction between the solute species and the r:active 
fragments from the water radiolysis is known. A 
suitable system is the oxidation of air saturated ‘errous 
sulfate since the mechanism of this reaction is now well 
understood. The principal reactions are: 


Fet++ + H,O, = Fe+? + OH + OH- (11) 
Fe++ + OH = Fe*? + OH- (12) 
H + 0. = HO, (13) 
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|CATION 


Fet++ + HO, = Fe*? + HO,- (14) 

HO.- + H+ = (15) 

From the above mechanism, it is noted that each 

peroxide molecule oxidizes two ferrous ions, each 

hydroxyl radical oxidizes one ferrous ion, and each 

hydrogen atom oxidizes three ferrous ions. Conse- 

quently, in the absence of any interfering reactions, we 
have 

G(Fe**) = 29(H,02) + 3g(H) + g(OH) (16) 


and 

g(H:) = G(H:2) (17) 
We further assume that hydrogen atoms and hydroxy] 
radicals are formed in equimolar amounts via reaction 
(5) and disappear via reactions (6) and (7) to form 
hydrogen and hydrogen peroxide. Then the equations 

of material balance are: 
g(—H20) = g(OH) + 29(H:02) (18) 
g( —H:0) = g(H) + 29(H2) (19) 


where g(— HO) in these equations refers to the yield 


for the disappearance of water molecules. 
From (18) and (19) we have: 


g(OH) + 29(H:02) = g(H) + 29(H:) (20) 
Equations (16), (17), and (20) provide three equations 
for evaluating four unknown quantities. Consequently 
another reaction is necessary. 


A frequently employed reaction is the reaction of 
ceric sulfate. The established mechanism is (26): 


Ce+4 + H = Cet? + Ht 
Ce*4 + H.O. = Cet? + HO, + Ht 
Ce+4 + HO, = + H+ + Oz 
Cet? + OH = Ce+4 + OH- 
From this mechanism we have: 
G(Ce**) = g(H) + 29(H:02) — g(OH) (21) 
Combining (20) and (21), G(Ce*+*) may be expressed as: 
G(Ce+*) = 49(H,O.) — 2g(He) (22) 
From (17) and 22), g(H:O:) is obtained. 


g( H:02) Ae + 2G(H2) 


(23) 


From (16) and (20) we may derive: 


Similarly using (21) 


Therefore, from equations (17), (23), (24), and (25), 
(Hz), g(H2O2), g(H), and g(OH), respectively, may 
be calculated. Representative values found in 0.8 
N sulfurie acid reported by Allen (26) appear in Table 
3. Additional measurements employing hydrogen and 
oxygen, halide ions, and formic acid provide radiation 


= essentially in agreement with those of Table 2 
28), 


CHEMICAL REACTIONS 


Ionizing particles leave an assortment of new 
molecules and split molecules along their tracks. 
Free hydrogen atom and hydroxyl radical yields are 
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‘highest for y-ray or electron irradiations. Thus, it is 


clear that X-rays and y-rays are best employed for 
studies of the effect of hydrogen atoms and hydroxyl 
radicals on chemical systems. Heavy particles, on the 
other hand, release hydrogen peroxide as the pre- 
ponderant reactive species. Since the reactions of 
hydrogen peroxide with inorganic systems are well 
known, the major contributions from radiation chemis- 
try lie in the use of y-rays and electrons for studying 
free radical reactions. 


TABLE 3 
Molecular Product and ee oe Yields in 0.8 NSulfuric 
ci 


Energy 
of 


Radiation g( g(OH) 


Co y-rays (e) 0.78 7 2.92 
X-rays (e) : 0.97 : 2.58 
X-rays (e) 

X-rays (e) 1.17 2.23 
H? £-rays 1.59 1.35 
a-Particles A 1.87 : 0.2 


In view of the complex array of reactive species, it is 
frequently desirable to emphasize the role played by 
either the hydrogen or hydroxyl radicals. This is 
accomplished under certain favorable conditions by 
the addition of hydrogen and hydrogen peroxide to the 
system exposed to the radiation. Hydrogen provides 
hydrogen atoms and hydrogen peroxide provides 
hydroxyl radicals in accordance with reactions (26) 
and (27). 


OH + H: = H + HO (26) 
H + H,0, = OH + H:O (27) 


Consequently if the concentrations of these added 
compounds are properly selected, it is possible to 
study the actions of hydrogen and hydroxy] radicals 
separately. 

As long as the concentration of a solute is below 0.1 
molar, the radiolysis of this solute occurs by an “‘in- 
direct” effect. Under these conditions the energy of 
the ionizing particles is absorbed by the water and 
chemical changes are subsequently brought about by 
the action of the free radicals on the solute. At 
concentrations above 1.0 molar, absorption of energy by 
solute becomes of importance and effects due to 
“direct” action may be observed. The following 
discussion deals only with the effects of “indirect” 
action and principally with Co y-rays as the ionizing 
radiation. 


DECOMPOSITION OF WATER 


The radiolysis of water, when pure and free from 
organic and catalytic impurities, proceeds until a 
steady state is reached in which the concentrations of 
hydrogen, hydrogen peroxide, hydrogen atoms, and 
hydroxyl radicals remain constant. At y-ray dosage 
rates of the order of 10" to 10” ev./l.min., the equilib- 
rium concentrations of these species are found to be 
very low and dependent on the conditions of irradiation. 
The theory of the radiation induced stability of water 
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was developed originally by Allen and co-workers 
(8, 29). According to this theory, the combination of 
hydrogen and hydrogen peroxide to re-form water 
occurs by free radical reactions (26) and (27) resulting 
in the net reaction (28). 


H; + = (28) 


However, if a large gas phase exists above the water, 
or if the water is agitated by boiling or shaking, then 
a continuous decomposition of water is observed 
(8, 30, 31). Under these favorable conditions, the 
hydrogen is liberated with the molecular yield of 
g(Hz) of 0.4 for Co y-rays. One would also expect 
agitated water irradiated by Po?! a-rays to undergo 
decomposition with a yield G(H2) of 1.6 equal to g(He) 
for this radiation. (See Table 3.) Water decomposi- 
tion increases with increasing ion density of the particle. 

As noted above, when the radiation induced steady 
state has been attained, disturbing the equilibrium by 
the removal of hydrogen gas will result in the further 
evolution of hydrogen. Since hydrogen can be re- 
moved in yield, g(H2), an amount of hydrogen peroxide 
equivalent to g(H2) remains in solution in view of 
equation (20), and reactions (26) and (27). Oxygen 
arises as a result of the free radical initiated decomposi- 
tion by hydrogen peroxide according to the stoichio- 
metric reaction: (31, 33) 


= H20 + 1/202 (29) 


Oxygen is therefore liberated under steady-state 
conditions with the yield G(O.) = G(H2)/2. The 
steady-state concentration of hydrogen peroxide will 
therefore be dependent on the efficiency of removing 
hydrogen and oxygen from the irradiated solution. 


HALIDE ION EFFECTS 


Bromide and iodide ions when present in low con- 
centrations (10-* — 10-2 M) promote the decomposi- 
tion of water in much the same manner as efficient 
shaking of the cells during irradiation (13, 27, 34). 
Hydrogen is evolved with a yield, G(H2) = g(Hz2), 
and peroxide is also liberated initially with the same 
yield. However, as the concentration of hydrogen 
peroxide increases, a free radical decomposition of 
peroxide proceeds as is shown by (29). 

The halide ions react according to the reactions: 


OH + X- = OH- +X (30) 

X +X = X; (31) 

H+ =H++xX-+X (32) 

The net over-all reaction is a catalytic recombination 

of hydrogen atoms and hydroxy] free radicals according 

to (8). The steady-stage concentration of halogen is 

very low unless the iodide ion concentration is increased. 
Then the equilibrium: 


X2+ = 


prevails and reaction (27) decomposing hydrogen 
peroxide takes the place of (32). Under these con- 
ditions X;~ replaces hydrogen peroxide as a radiolysis 
product. . 


DEUTERIUM-WATER REACTION 


Water containing dissolved hydrogen undergoes no 
apparent reaction. However, if deuterium is used 


instead of hydrogen, hydrogen deuteride is form d 
(35). The following stoichiometric relations explain 
the experimental results: 


D: + H2.O = HD + HDO (3) 
D, + 2H.O = + 2HDO (4) 


The sum of the concentrations of D2, HD, and H, 
equals the concentration of D, initially dissolved in the 
water. Hydrogen peroxide is not a final product of 
the radiolysis. 

The hydrogen deuteride yield is dependent on pH in 
the range 0.5 to 13. The free radical reactions are: 


H+ =HD+D (35) 
OH + D. = HOD+ D (36) 
D+D=D, (37) 


Under conditions where reactions (35), (36), and (37) 
alone occur, G(HD) is a direct measure of g(H). 
G(H2) is independent of pH and is interpreted as 
equal to the molecular hydrogen yield, g(He), originat- 
ing by reaction (6) in the “spur” before reaction (35) 
takes place. 

The dependence of HD formation on pH is particu- 
larly marked in the range from 8 to 11.5. At high 
pH’s, G(HD) approaches zero. This behavior is 
explained by an ionization of the hydroxy] radical in 
water according to: 


OH = O- + Ht (38) 


The equilibrium constant for this reaction is about 
10-". If the O- radical ion is relatively unreactive 
then its concentration may increase until reaction (35) 
competes effectively with: 


O- + H = OH- (39) 


Further evidence for ionization of the hydroxy] radical 
is provided in the study of the isotopic oxygen-water 
exchange reaction. 


DECOMPOSITION OF HYDROGEN PEROXIDE 


The behavior of irradiated hydrogen peroxide 
solutions is complex (32, 33, 36, 37, 38). At con- 
centrations below 10-* M, oxygen-free solutions 
display a fairly normal behavior since G(—H.0:) is 
independent of concentration and dosage rate. At 
concentrations in the range from 0.01 to 1.0 ./, G- 
(—H,0.) is inversely proportional to the square root of 
ionization intensity. At constant intensity, G(—1!,0:) 
increases as (H2O.)'”*. 

The dependence of the radiation yield on the square 
root of the intensity is similar to the photolysis of 
hydrogen peroxide and provides excellent kinetic 
evidence for a chain reaction. The propag:tion 
steps in this reaction are: 


OH = HO, H.O (40) 
HO, + H.,0, = H.O a OH + Oz (41) 


Reaction (40), consuming a hydroxy] radical, ix con- 
tinued by the reformation of a hydroxyl radical in 
(41). The lifetime of the kinetic chains for irradi: tions 
of 0.1 M hydrogen peroxide at dosage rates decom) ) sing 
2 X 10-* M peroxide/min. is of the order of one s‘ ‘ond, 
a factor of 10* greater than the time necessary for 
interspur diffusion of radicals (33). Consequer'ly 4 
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homogeneous distribution of hydroperoxy free radicals 
is attained in these hydrogen peroxide solutions. 

In order to explain the dependence of the yield on 
(H.02)'*, a termolecular termination step is assumed 
(3.’). 

HO, + HO, + H,O, = 2H,0. + O, (42) 


which is equivalent to a bimolecular reaction if the 
hydroperoxy radical forms a complex with hydrogen 
peroxide. 

HO, = 2H.0, + Oz 


The intermittent flash technique, used in photo- 
chemistry has been applied to measurements of absolute 
rate constants of reactions (41) and (42). Two 
values of ky have been reported, namely: 3.7 (36) 
and 530 (33) 1. mole! sec.—!. It is difficult to account 
for the large discrepancy in these two values. The 
lower value was obtained using peroxide concentrations 
greater than one molar, whereas the high value was 
obtained with 0.1 M peroxide. ky has the value of 
2.6 X 10 1.2 mole~? sec.—!, indicating a high efficiency 
for reaction (42) if the complex HO,-H,0, is not 
formed (33). 

Dainton and Rowbottom (36) working at peroxide 
concentrations above | M report a first order dependence 
on peroxide concentration and conclude that the 
termination step is 


HO, + HO. = +O. (42’) 


Their intermittent radiation studies lead to a value of 
ky’ = 3.4 X 10° 1./mole sec. This is a much lower 
termination rate constant than is cited above, (ky). 
More work is needed on this system to resolve these 
discrepancies. 


REDUCTION OF OXYGEN TO HYDROGEN PEROXIDE 


Hydrogen peroxide is oxidized to oxygen and oxygen 
is reduced to hydrogen peroxide by the irradiation of 
oxygenated solutions. In closed vessels, an equi- 
librium is reached containing hydrogen, hydrogen 
peroxide, and oxygen. 

With attention focused on the reaction of the 
radicals with oxygen, the initial peroxide yield is 
difficult to establish. G(H.O.) varies from 1.23 to 
about 3.0 for y-rays depending on a number of factors 
including purity of the water and the extent of the 
reaction. Even the lowest value G(H:O2.) = 1.23 is 
substantially greater than g(H.O.). This result shows 
that hydrogen peroxide resulting from the reaction of 
hydrogen atoms with oxygen to form hydroperoxy 
radicals is an important source of the peroxide. The 
reactions are: 


HO, + HO, = H,0, (44) 


Hydrogen peroxide competes with oxygen for 
hydrogen radicals. For example, reaction (27) destroys 
hydrozen peroxide whereas reactions (43) and (44) 
form hydrogen peroxide. 

Studies using isotopically labeled oxygen in the form 
of O''O"8 underline the importance of reactions (43) 
and (44). In acid solutions, 70% of the hydrogen 
peroxide formed contains the heavy oxygen isotope. 
Since the thermal exchange between molecular oxygen 
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and hydrogen peroxide is slow, peroxide with oxygen-18 
must have been formed via hydroperoxy radicals. 

In alkaline solution, an extensive radiation induced 
reaction between OO" and H.O" occurs (39). The 
reaction may be represented by the over-all equation: 


This reaction is sharply inhibited by hydrogen peroxide 
and catalyzed by hydroxide ions. G(O"O"*) is greater 
than 500 in strongly alkaline solutions. Yields of 
this order of magnitude are indicative of free radical 
chains since g(H) + g(OH) is about 6 (see Table 3). 
These results are adequately explained by assuming an 
ionization of the hydroxy] radical (reaction 38) followed 
by the chain propagation steps, 


+ = + O8H- 
Termination of the chain sequence may occur by 


reaction of (O'*)~ with a hydrogen atom or by the re- 
actions 


(0%)~ + (0%)- = (0"0%)-- 
+ H+ = 


to form hydrogen peroxide. As the concentration of 
peroxide increases, (O'*)~ radical ions may react as 
follows: 


+ H,0, = O“H- + H+ + 


This leads to termination at peroxide concentrations 
greater than 10-* M. 


OXIDATION OF FERROUS SULFATE 


Ferrous sulfate, important in radiation chemistry as 
a dosimeter, has been thoroughly investigated. It is 
impossible to do justice to this subject in this short 
paper but a few of the important reactions involving 
ferrous and ferric ions will be discussed. 

Oxygen-Free Ferrous Sulfate in 0.8 N Sulfuric Acid. 
The mechanism of the aerated ferrous sulfate reaction 
is outlined in the reaction sequence (9), (11)-—(15). 
Of great interest has been the mechanism of the 
reaction in deoxygenated solutions. The ratio, 
G(Fet*),i:/G(Fe**) ..., of the aerated yield to the air-free 
yield is now fairly well established as 1.88 + 0.04 (40). 

This low value leads to the conclusion that the 
hydrogen atom gives rise to an oxidizing species in 
oxygen-free solutions. The reasoning is as follows: 

In the absence of oxygen, the hydrogen atom might be 
expected to reduce ferric ions produced in reactions (11) 
and (12) by hydrogen peroxide and hydroxy] radicals. 
We have then the possible reaction 


Fe*? + H = Fet+*+ + H* (45) 
which, indeed, is observed at pH’s of 2 and higher. By 
regarding reactions (9), (11), (12), and (45) as the 


mechanism of the deaerated ferrous sulfate reaction, 
we find 


G(Fe**)vac. = 2g(H:0:) + g(OH) — g(H) (46) 


Inserting the Co® y-ray values for g(H:O.), g(OH), 
and g(H) from Table 2, we find 


G(Fe**)wac. = 0.96 
G(Fet?),:i,/G(Fet*) ... then equals about 16 instead of 
1.88. 
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The ratio of 1.88 may be obtained by assuming that 
the hydrogen atom is an oxidizing species in strong 
acid solutions. The reaction is 


Fet+ + H+ + H = Fe** + H; (47) 


which accounts for the increased yield of ferric ion as 
well as for the yield of hydrogen. Now using the 
sequence (9), (11), (12), and (47), we have: 


G(Fe**)vac. = 2g(H,O2) + g(OH) + g(H) 
G(Fe*) vac. = 8.24 


G(Fe*?),i-/G(Fe**) vec. = 1.89 in excellent agreement 
with the observed ratio of 1.88. 

Interesting is the suggestion of Weiss that the 
hydrogen molecule ion, H,*+, is responsible for the 
oxidation of ferrous ion. 


Fet+ + H,+ = + Hz (48) 


Insufficient data are available at present to dis- 
tinguish between reactions (47) and (48). 

Ferrous Sulfate, Oxygen and Organic Compounds. 
Organic impurities from the water, from chemicals, or 
from glassware, have been the source of many problems 
associated with radiation dosimetry. Extensive in- 
vestigations have now been made on the effects of 
hydrocarbons (41), alcohols (42), and organic acids (43) 
on the oxidation of aerated ferrous sulfate solutions. 
The general effect is to increase G(Fe**). This 
increase is accounted for by the generalized mechanism 
consisting of reactions (9), (11)—(15), plus the following 
reactions: 


OH + RH = HO + R. (49) 

R- + = ROz- (50) 

RO,- + Fet+ = + RO.~ (51) 
RO,~ + H+ = ROOH (52) 

ROOH + Fet++ = RO- + Fe+? + OH (53) 


It is observed now that the reaction of a hydroxyl 
radical with the organic molecule leads to a chain 
sequence capable of oxidizing many ferrous ions. 

Dewhurst (42) discovered that this chain oxidation 
of ferrous sulfate may be eliminated by the addition of 
chloride ion to the system. This is the purpose of 
sodium chloride in the ferrous sulfate dosimeter. The 
reaction is altered in the following manner: 


OH + Cl- = OH- + Cl (54) 
Fet* + Cl = Fet? + Cl- (55) 


If the chloride ion is present in sufficiently high con- 
centrations so that reaction (49) is negligible, the 
oxidation sequence (50)—(53) leading to high G(Fe**) is 
avoided. 

Ferrous Sulfate—Cupric Sulfate. Interesting effects 
are observed by the addition of cupric sulfate to ferrous 
sulfate solutions. The yield is reduced from G(Fet*) = 
15.6 to 4:1 for aerated 0.8 N sulfuric acid solutions 
containing 0.01 M cupric sulfate. More striking is the 
difference in aerated 0.01 N sulfuric acid where G(Fe**) 
is reduced from 13.8 to 0.66 on the addition of cupric 
sulfate (44, 45). A mechanism explaining the in- 
fluence of added cupric ion is: 


H,0 = g(Hz) + g(H:02) + g(H) + g(OH) (9) 
Fet++ + H,O. = Fet+* + OH + OH- (11) 


Fet+ + OH = Fet* + (12) 
H + O. = HO, (13) 
Cut++ + HO. = Cut + Ht + O, (56) 
Cut++ + H = Cu+ + Ht (57) 
Cut + Fet®? = Cut*+ + Fet+ (58) 


If reaction (14) can be prevented by reactions (56) 
or (57), then the ferric ion yield is reduced to the value 
given by the equation, 


G(Fe**, Cu++) = 29(H2O:) + g(OH) — g(H) = 0.96 59) 


Conditions in 0.8 N acid are not favorable for the 
elimination of reaction (14) compared to (56) by the 
addition of cupric sulfate. The agreement between 
the observed 0.66 and 0.96 is much better in 0.0! V 
sulfuric acid but indicates that the radiation yields in 
Table 3 for 0.8 N sulfuric acid no longer hold for solutions 
irradiated at pH’s of 2.0. Reaction (15) appears to be 
very efficient since the molecular hydrogen yield may 
be reduced from g(H2) = 0.45 to 0.33 at high cupric 
sulfate concentrations (45). This result demonstrates 
that reaction (57) interferes with hydrogen atom re- 
combination reaction (6). 


REDUCTION OF CERIC SULFATE 


In the discussion of molecular product and free 
radical yields, equation (21) was derived showing the 
ceric ion yield in terms of g(H), g(H2O2), and g(OH). 
Sworski (46) finds that the addition of thallous ion to 
an air-saturated ceric sulfate solution increases G(Ce**), 
an effect, opposite to the influence of cupric ion on the 
oxidation of ferrous sulfate. 

The reduction of ceric ion in the presence of thallous 
ion is dependent on the ratio of cerous ion to thallous 
ion. The mechanism for the reduction of ceric ion 
with thallous ion is: 


Cet4 + HO. = Cet? + H++ 0, 
+ OH = Ce*4 + OH- 
Tl+ + OH = Tl++ + OH- 
Cet+4 + = + TI+3 

Ce*+4 + = Ce+? + H+ + HO, 


Under conditions of (Tl+)/Ce+? >> 1, reaction 
(61) is suppressed relative to (62) and ceric ion is no 
longer oxidized by hydroxyl radicals. Instead, ceric 
ion is reduced by T1*+* increasing the yield in accordance 
with the equation, 


G(Ce*+) = g(H) + 29(H.0.) + g(OH) (65) 


The experimental value of G(Ce**) is 7.92, within 3% 
of the theoretical value given by equation (65). This 
small discrepancy can be explained by assuming that 
hydroperoxy radicals are produced in regions 0! high 
ionization density by the reaction 


OH 7 HO, = (66) 


The occurrence of this reaction would decrea-e the 
Cet yield in the presence of Tl+ but would h::ve no 
effect on the Cet+* or Fe+* yields in the ceric -ulfate 
and ferrous sulfate dosimeters, respectively. Reaction 
(66) has also been postulated from oxygen for: ation 
using oxygen-free solutions of ferrous sulfate and 
cupric sulfate (44). 

This work on the ceric-thallous system also affords an 
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example of the use of radiation chemistry in measuring 
relative rate constants. The ratio of cerous ion to 
thallous ion has a pronounced influence on the ceric 
jon yield. By measuring radiation yields as a function 
of tne Ce*’/TI* ratio, it is possible to establish the 
relative rate constants of reactions (61) and (62). 

key KOH + _ 

ke k(OH + Cet’) 
This result shows that hydroxyl radicals are 38 times 
as reactive with T]+ as with Cet?. 


SUMMARY 


A brief outline is presented of the primary and 
secou.dary processes taking place during the radiolysis 
of aqueous solutions. Ionization of the water leads to 
a non-homogeneous distribution of hydrogen atoms, 
hydroxy] free radicals, and the recombination products, 
molecular hydrogen, and hydrogen peroxide. These 
atoms and molecules initially distributed along the 
track of the ionizing particle are dispersed by diffusion 
and reaction with solute ions and molecules. The 
reactions of these species with solute form a basis for 
radiation dosimetry and the measurement of the 
radiation yields of atomic hydrogen, hydroxy] radicals, 
hydrogen peroxide, and hydrogen. A short discussion 
is given of the mechanism of the decomposition of 
water, efiect of halide ions, hydrogen, oxygen, hydrogen 
peroxide, oxidation of ferrous sulfate, and the reduction 
of ceric sulfate. 
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A Chem-Gem 


THanks to Ricnarp A. Henpry, Baylor University College of Medicine, chemists have another 
reaction to parallel the Wéhler synthesis of an organic compound from an inorganic one: 


NaHCO; 


Look again. Is not that sodium by carbon eight? 
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SCIENCE AND THE HUMANITIES: THE UNITY 
OF KNOWLEDGE’ 


Ir wit be generally agreed that one of the central 
human problems has been, and is, the problem of 
knowledge—how to gain it, or how to use it. More 
recently the problem has posed itself as a division in 
knowledge, a divorce between the humanities and the 
sciences, distressing, even dangerous, in its implications. 
It is an urgent problem, and one which has been 
thoroughly befogged by the specialist’s habit of viewing 
it with the bias of his own discipline. The relation 
between different subjects in groups like the sciences 
and humanities is more readily evident and has recently 
been discussed,? but the relations between these latter 
groups appear to raise difficulties. In this paper it is 
proposed to scrutinize some current attitudes of 
humanists and scientists toward one another and toward 
their respective disciplines; to indicate in what sense 
these attitudes are unsatisfactory; and finally to sug- 
gest a restatement of the problem as to where, if any- 
where, the dividing line should be drawn. 


CURRENT ATTITUDES 


The common attitude toward the relation of the 
different branches of knowledge may be indicated 
descriptively in the form of a tree. On the one hand 
we have the humanities, a group of studies made up of 
the languages, literature, the fine arts, moral philosophy 
and logic, this last branching forth near the second 
group, the sciences, of which mathematics approaches it 
most nearly. Next to this latter are placed the natural 
sciences, physics, chemistry, biology, and finaliy the 
social and psychological sciences, the last veering again 
towards the humanities. These groups are not, of 
course, complete; nor is this arrangement acceptable 
to everyone. For example, some mathematicians 
might prefer to regard their subject as an art rather 
than a science, and the term “linguistic science’’ sug- 
gests that not all philologists think of themselves 
as humanists. Nevertheless, the suggested grouping 
would probably be widely acceptable. 

One formulation of the problem is provided by the 
common assertion of humanists that their disciplines 
are concerned with “the intellectual, aesthetic, and 
spiritual life.” And this brings us immediately to an 
almost obviously unsatisfactory attitude of the hu- 
manist towards the sciences, namely, the implicit belief 
that things of intellectual, aesthetic, and spiritual value 
are the monopoly of the humanist, that is, of the person 


1 This paper was presented, in an earlier draft, before the St. 
= (NFLD) Branch of the Humanities Association of Can- 


2 FULLER, E. C., J. Cuem. Epuc., 34, 110 (1957). 
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specializing in one of the fine arts, or language, in 
history, or literature, and so on. Though not always 
put so rudely, this is not the least uncommon motive for 
the separatist spirit among the humanists, one which 
begets so much facile criticism of science as “material- 
istic.”” Science assumes the role of a narrow-minded, 
intent, and short-sighted search after techniques and 
results, hostile to what is best in the traditional cultures. 

More responsibly the humanist tends, very often, to 
decry the scientific method because it is unsuitable for 
investigating many, frequently the most worthwhile, 
things in life. To some humanists it appears that the 
scientist, flourishing his techniques and methods, 
regards these as adequate for the investigation of 
“non-scientific” problems. It is as though a man were 
to try to use a mousetrap (something small implied) to 
catch an elephant (implied something larger, and 
perhaps more important). The suggested reason why 
the scientist should want to attempt something so 
obviously foolish is explained by the attitude: 
“Well, but it is such an excellent mousetrap!”’ . 

In a sense this is how many of us have been taught to 
think. We differentiate between scientific truth, ar- 
tistic truth, and spiritual truth. We think of a scien- 
tist as intentionally and at great pains shutting himself 
out from his experiments in his quest for objectivity— 
consciously detaching himself from data which he is 
trying to correlate in an ever-increasing pattern or 
body of knowledge. This is a different approach and 
quite distinct from that of the artist, expressing him- 
self in music, or putting his personal vision on canvas. 
Not all people would agree that a landscape appears to 
them as it appears, for example, to an expressionist 
painter, although perhaps some people would //ke to 
be able to see it that way. Nevertheless, it wil! bea 
presentation of what the artist sees, and it will be 
different from what the scientist, qua scientist, will 
regard as true. In the same way, in the highest form 
of personal relations, we try to know one another with 
none of the conscious detachment of the scientist. 
Since most of our intense sorrows and joys com: from 
a knowledge of spiritual or artistic—at any rat: non- 
scientific—truths, it follows that they are mcre im- 
portant. Such, at any rate, is a common hw uanist 
view. It is, moreover, held not infrequen''y by 
scientists too. But more commonly, many scicntists 
view the humanities no less irresponsibly thn our 
above-mentioned humanists. 

Perhaps on the lowest level is the view that only 
truths which can be verified objectively by indep:ndent 
observers are really trustworthy, and that, obje: tivity 
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being the exclusive monopoly of the sciences, in their 
disciplines lie the best means of increasing human 
happiness. 


Life is a vale, its paths are dark and rough 
Only because we MO not know enough. 

When Science has discovered something more, 
We shall be happier than we were before. 


In this view, the humanist, priding himself on his 
ignorance of the sciences, is a complacent and ungrate- 
ful wretch. His indifference to the possibilities and 
accomplishments of science is regarded as callous, since 
it is he who refuses to take an interest in things which 
promise, for example, to alleviate the poverty and 
misery of life in underdeveloped countries, where the 
mean annual income is about $50 and the life-expect- 
ancy 35 years. The fact that our humanist may very 
well live his three-score years and ten in relative material 
comfort is a boon he enjoys largely as a result of scien- 
tific discoveries in the fields of medicine and industrial 
power. His attitude is therefore seen as a scarcely 
rational flight from reality. 

The social responsibility implicit in this attitude of 
the scientist commands respect. Perhaps such ul- 
timately crude scientific optimism can be legitimately 
held, even after the destruction and threats of applied 
science in our generation. However, a point has cer- 
tainly been reached when scientists would do well to 
stress their inherent unity with the other great humane 
studies by dissociating themselves from narrowly 
materialistic philosophies and come to see it as their 
duty to make the true character of science better under- 
stood. 

Another argument might run this way. Since cul- 
ture is well defined as the characteristic attainment of 
a people, or of a social order, and the particular features 
of such attainments, and since the modern social order 
derives its most characteristic features from scien- 
tific achievements, a cultured person must be aware of 
these achievements if he is to justify his claim to be 
cultured. The hypothetical scientist may go on to say 
that a claim to being cultured will therefore lie at least 
in understanding the distinguishing features of the 
scientific approach to knowledge and experience as 
well as those of the humanities. He may accept the 
division into science and the humanities, but he will 
perhaps argue that the onus lies on the humanist to 
broaden his vision, chiefly because the language of 
science places a substantial barrier which it is the task 
of the humanist to master. 


THE UNSATISFACTORY NATURE OF THE PRESENT 
SITUATION 


All these views command some sympathy, though in 
varying degrees. But all of them are, in one vital 
respect, unsatisfactory: they place too much emphasis 
on the divided nature of knowledge. Indeed, they 
accept the division implicitly. But this division no 
longer corresponds entirely with the facts. Knowledge 
In practice is not simply a matter of discovering new 
facts, new techniques, new synthesis of facts: knowl- 
edge must also more and more imply the challenge and 
issues posed by new discoveries. Furthermore, over- 
simplified divisions of knowledge into “branches” fail 
to do justice to the scope and complexity of any subject; 
few isolated fields of study can profitably be investi- 
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gated without looking over the edges. To take one 
extreme example, he would be a rash man who at- 
tempted to group the varieties of religious experience 
and activity under any label which did not imply the 
whoie activity of the whole man, not simply his “hu- 
mane” and “‘scientific’’ faculties. 

In the second place, we have been hearing too much of 
the supposedly different “scientific,” ‘philosophical,’ 
and “artistic” modes of “knowing.’’ Perhaps they 
are not so far apart after all. A recent writer, discus- 
sing the conceptual worlds of the physicist: and the 
logician, suggests that in both cases the ultimate pur- 
pose 

... is the production of a kind of ‘‘vision,’’ the intuition of an or- 
dered complexity in a given material: in the case of the logician the 
material is linguistic relations and the end product is a logical pic- 
ture; in the case of the Scientist the material of intuition is physi- 
cal entities. Professor Ayer (the English philosopher) tells us 
that our claims to knowledge rest on the logical procedures which 
we actually follow, but even so the logical procedures are retro- 
spectively seen to be “‘valid’’ in so far as they form the composi- 
tion of the picture. Quod visum placet in all cases, even though 
the vision, whatever it is, can please only those who have learnt 
to see 


Lest this seem too aesthetic, be it remembered that 
“pure’”’ mathematicians have frequently spoken of their 
activity in these terms. Moreover, in his use of such 
terms as “rhythm,” “order,” “design,” “symmetry,” 
“harmony,” the mathematician or theoretical chemist 
or physicist frequently suggests an affinity between his 
activity and that of the artist. And this is surely 
related to what Kekulé meant when he said “Let us 
learn to dream, gentlemen, and then perhaps we shall 
learn the truth,” or more recently what Sir Cyril 
Hinshelwood had in mind when he spoke of chemistry 
as “that most excellent child of intellect and art.” 
And, indeed, M. Jean Cocteau, the distinguished 
French poet, speaking as a humanist has suggested‘ 
that, if properly apprehended, the latest discoveries of 
science tend to promote an ever closer affinity between 
the poetic sensibility and the world revealed by scien- 
tific analysis. In each case the ultimate achievement 
is an ordered, and therefore “satisfying,’’ vision or struc- 
ture, whether it be reached through the logical processes 
of induction, the shaping of empirical facts in a pattern, 
or the organizing of the emotions and sensibility in 
artistic terms. 

But the main problem is and always has been what to 
do with the knowledge—any knowledge—that man has 
possessed. What distinguishes the past and the present 
is that since, before the modern era, there was far less 
scientific knowledge available, no sharp distinction 
between it and other modes of knowledge was deemed 
necessary; and without the development of special 
techniques of investigation consequent upon the ac- 
cumulation of empirical facts, 

The dance along the artery 

The circulation of the lymph 

(Were) figured in the drift of stars 
—or at least were not investigated in ways 
thought of consciously as distinct. As knowledge 
increased, new methods developed which helped to 
accumulate more knowledge; and the results of these 
new techniques are, of course, the natural sciences. 


3 Times Literary Supplement, February 15, 1957. 
* Le Journal d’un Inconnu, 1953. 


y 
| 
: 


But the problem of what to do with this knowledge, 
say atomic power, or medical discoveries, remains not 
different in kind from the problem faced by the dis- 
coverers of fire or bronze. It is, moreover, a problem 
shared by humanist and scientist alike. 

What is, perhaps, the peculiar modern problem is 
the amount and the complexity of knowledge now 
directly affecting human life. Within the past twenty 
years, the average life-expectancy in North America 
has increased by about 10 years, equal to the 
increase in the two thousand years before 1800. The 
shrinking of the world through advances in communi- 
cation facilities is a commonplace, but nevertheless 
startling and momentous. Consider, too, the advance 
in sound engineering between the gramophone record of 
1920 with its scratchy reproduction, and the long-play- 
ing high-fidelity equipment now available to any in- 
genious schoolboy. In nearly every branch of knowl- 
edge applicable to the material existence of man, the 
same dramatic change is observable. If we plota graph 
of time versus any of these variables—speeds attainable, 
diseases controlled or eliminated, and so on—we find 
that the graph rises slowly for a very long period, and 
then takes a sharp turn upwards in a period—our 
period—of drastic change. 

There seems to be no reason to doubt that the future 
will continue to witness a development and application 
of knowledge with similar unprecedented speed. In a 
recent book,® Sir George Thompson, a Nobel Laureate, 
has dipped into the probable shape of things to come on 
a purposefully conservative assumption that no new 
basic scientific principles will be discovered during his 
limited forecast period. Fusion energy will be cheap 
and inexhaustible. Solar energy will be harnessed for 
special uses, providing another cheap and abundant 
source of power. Space flights will have left the 
fiction magazines for the scientist’s planning room. 
In medicine, the chief problem will be not how to attain 
old age, but how to make old age pleasant, pain-free, 
and desirable. These and other quietly stated pre- 
dictions need no elaborating to bring out their porten- 
tous significance. 

The modern predicament is: how to master the in- 
finitely varied knowledge of the modern world, without 
accepting the fragmentation of divided knowledge 
which will preclude the fostering of the kind of person 
capable of accepting the challenge of knowledge and 
power. This is important. The shape of the future is 
largely a matter of deliberate human choice. It is 
influenced as never before both by what we do, and by 
what we value. More specifically, it will certainly be 
influenced by the number of balanced, well-informed, 
cultured people we possess, and this will be related— 
though perhaps not directly so—to what we spend on 
education, whether about 1!/2% of the national income, 
as in the United States, or the 7-9%, reported from the 
Soviet Union. 

The development of atomic power is only the most 
spectacular example of what is already at hand in 
nearly every field of rapid development. Looking at 
its first practical application to human affairs, it is not 
only the physicist who asks, with T. S. Eliot, 


After such knowledge, what forgiveness? 


5 Tuomson, “The Foreseeable Future,’ Cam- 
bridge University Press, 1955. 


Yet the problem posed here is not different in kind, only 
in the possibility of its apocalyptic drama, from that 
posed in other fields, chemistry, medical science, 
psychiatry, and for that matter from the problems 
raised by the previously mentioned use of bronze or 
fire. 

The optimistic vision often suggested of the future 
is not quite comforting, of course, and the varied im)li- 
cations of some advances in knowledge may be il|us- 
trated by just one example. 

It is reported that by projecting, in a New Jersey 
cinema, the picture of an ice cream cone on the screen 
for periods of less than '/;th of a second (that is, for 
less than is necessary to actually see, consciously, the 
image), the sale of ice cream was increased sixfold. 
The implications of this experiment are quite large, and 
its comedy is not unmixed with an uneasy shiver at the 
sinister overtones, exploited in the 1930’s by Aldous 
Huxley, and in our own day by George Orwell. Al! 
these discoveries will impinge more and more on our 
daily lives, and they raise problems as to their proper 
use which are beyond the power of any of the special- 
ists responsible for them to solve. 

The point is not that science is “dangerous,”’ which of 
course it is (but equally so is education, for example), 
but rather that the problems raised require a total, 
integrated approach; that they are of importance to 
everyone, and certainly to all who claim an interest 
in the “intellectual, aesthetic and spiritual life.” If 
we divide knowledge, and leave the scientist to scien- 
tific problems and the humanist to non-scientific 
problems, the humanities, like the sciences, become just 
another specialist field, suffering from the dangers 
inherent in the fragmentation of knowledge. More- 
over, the humanities at least will continue to shrink and 
lose in an age such as this of rapid scientific advance. 
Surely it is the special responsibility of the humanist to 
stress the relationship, indeed, the unity of all know!- 
edge. Itisalso the responsibility of the scientists. 


TOWARD A NEW SYNTHESIS 


What is needed is the firm and reiterated recogni- 
tion that the dividing line is not between one specialist 
(the scientist) and another specialist (the humanist), 
but rather between, on the one hand, the scholar who 
recognizes the unity of knowledge and its implications, 
and on the other hand the non-scholar, or even the mere 
specialist, scientist or humanist. For the traditional 
division is unrealistic and the analogy to a tree de- 
scribed at the beginning of this paper is, therefore, 
misleading if it suggests only the dividing branches of 
knowledge, and methods of “knowing.” But in fact 
it does no such thing. Granting the humanities and 
the sciences the autonomy necessary for their effective 
practical operation, the analogy also recognizes the 
unity of knowledge, the fruit of “the tree which remains 
now, as it was in the beginning, a tree to be <esired 
to make one wise.’’® 

Too much of this unity has been sacrificed in the 
interest of specialization. Although in a short essay 
it is impossible to outline a program to correct this, the 
following suggestions are offered, if not as a partial 
remedy, at least as a starting point for discussion. _ 

(1) A fresh examination of the implicit assumptions 


Housman, A. E., “Introductory Lecture,’ 1892. 
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and aims of the humanist, along the lines attempted 
in this paper, to bring them more into line with the 
tradition of the humanist as representative of the 
creaiive human spirit, whatever the field of its actual 
manifestation. 

(2) Let attempts be made to give special science 
courses, not as a preparation for additional science 
courses, as is frequently the present practice with the 
captive arts student, but rather to show science as an 
evolution and not merely a collection of knowledge. 
For science has always developed by question, challenge, 
and argument, and should therefore be presented as a 
long rational debate. In this way one can show the 
real nature of the scientific method as fact leads to 
experiment, experiment to generalization, and thus to 
further facts and additional experiments. 

(3) Let mathematics be taught more as a living 
language, instead of as a dead language—all formal 
manipulation and grammar. For mathematics is a 
living language and by analogy it is learned by speaking 
it—that is, by translating constantly from the everyday 
into mathematics and back into the everyday speech. 

(4) Smaller residential colleges in universities will 
certainly facilitate the liaison between different disci- 


plines which is so fruitful in the meeting of minds in 
everyday living. But perhaps it is too easy to blame 
the absence of these colleges for the separatist spirit so 
frequently found in the universities. What matters 
is that there should be the will to make such an exchange 
between specialists. 

(5) This brings us to the responsibility of the uni- 
versities, which, as much as anything, are to blame for 
the overspecialization and fragmentation of knowledge. 
Let the universities show less complacency with regard 
to the problem. If, for example, those who teach in 
any field at a university are themselves men who are 
aware of the interconnection between the different 
fields of study, a forward step will have been taken. 
Certainly a man worthy of being a senior university 
teacher must be an authority in any one branch of 
learning. But just as a man who lacks this scholastic 
achievement should not be considered for a senior 
teaching post even if he is outstanding as an adminis- 
trator or politician, so perhaps should we exclude from 
such senior posts a person who fails to relate his own 
subject to other branches of knowledge. Only so will 
universities flourish not only in a diversity, but also, 
in the full sense, in a universality of studies. 


ELASTIC PROPERTIES AND SPECIFIC HEATS 


OF SOLIDS' 


Tue purpose of this paper is to review briefly the 
present state of the theory of the lattice heat capacity 
of crystalline solids; to show how C,, the heat capacity 
at constant volume, can be obtained from a knowledge 
of the frequency spectrum of normal modes of lattice 
vibrations; and to point out the role that the elastic 
properties of solids play in determining this frequency 
spectrum. We shall be concerned with the ideal, 
macrocrystalline case. Such special phenomena as 
particle size effects, phase transitions, and electronic 
specific heats will not be considered. 

The variation of lattice heat capacity with tempera- 
ture from room temperature to liquid hydrogen or 
liquid helium temperatures has been extensively stud- 
ied experimentally for many years. Although most 
solids have the same qualitative temperature depend- 
ence for (’,, a striking illustration of the wide range of 
quantitative differences is offered by comparing two 
extreme cases, lead and diamond. At 50°K., C,, is 
9.055, and 0.005 cal. deg.—! mole! for lead (1) and 
diamond (2) respectively. In a crude way this shows 


an Preset: ted as part of the Symposium on Recent Developments 
in the Solid State before the Division of Chemical Education at 


the 129th Meeting of the American Chemical Society, Dallas, 
April, 1956. 
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the effect on C, in changing from a soft, compressible 
solid like lead to a very hard crystal such as diamond. 
In lead the forces between atoms in the lattice are weak, 
and many of the lattice vibrations lie at low frequencies 
which contribute greatly to the heat capacity at low 
temperatures; in diamond the atomic forces are strong, 
so that most lattice modes lie at high frequencies and 
contribute little at low temperatures. This can be 
handled mathematically by expressing the heat capacity 
at constant volume in terms of the normal modes of 
the crystal. Einstein (3) proposed that 


Ce = k Si(hvi/kT )*ehei/kT /(ehvi/kT — 1)? (1) 


where »; is the frequency of the ith normal mode. Ein- 
stein calculated heat capacities in rough agreement with 
experiment on the assumption that the atoms or mole- 
cules in the lattice are independent and that all normal 
modes have the same frequency. This was an impor- 
tant advance over the classical Dulong-Petit theory 
which predicted a constant C, independent of tempera- 
ture. Further improvement is achieved by using a 
more realistic distribution of normal modes. In a 
macro crystal there are of the order of 10** normal 
modes in a small interval from zero to the largest fre- 
quency. These modes are so closely spaced in fre- 
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quency that one can consider the distribution as con- 
tinuous and define a function g(v) such that g(v)dy is 
the number of normal modes in the interval »v to v + 
dv. In terms of this distribution function 


CL =k g(v)(hv/kT )? Kt dy/(ehv/kT — 1)? (2) 
0 


where vz is the largest frequency. If the distribution 
function g(v) (often called the frequency spectrum) is 
known, the heat capacity as a function of temperature 
is completely known from equation (2). In what fol- 
lows, we shall be concerned with determining g(r). 


DEBYE THEORY 


The calculation of specific heats was greatly im- 
proved by Debye (4) who treated a monatomic solid as 
a continuous elastic medium. This model should cer- 
tainly hold well at very low frequencies (low tempera- 
tures) where the wave length is much longer than the 
atomic dimensions of the lattice. The significant fact 
of the Debye theory is the use of this model over the en- 
tire frequency range. The solid is also assumed to be 
isotropic; that is, the frequency is independent of the 
direction of wave propagation. With these assump- 
tions, g(v) is proportional to v? where the proportion- 
ality constant is determined by the elastic properties of 
the material. The last major approximation is in 
choosing the largest frequency for the lattice vibra- 
tions. A single cut-off frequency for both longitudinal 
and transverse waves is found by requiring that the 
total number of vibrations be 3N for a lattice of N 
atoms; that is, 


dv = 3N (3) 
0 


The mathematical details which follow from the as- 
sumptions of this model are given in many standard 
texts (5). The heat capacity is given in terms of one 
parameter 6), the so-called Debye temperature. This 
parameter, which can be calculated from the elastic 
constants of the solid, should theoretically be a con- 
stant independent of temperature. At low tempera- 
tures the theory predicts that C, varies as 7". 

In general the agreement of the Debye result with 
experiment is quite good; in fact, for some time de- 
viations from the theory were discussed in terms of 
“anomalies.” It is now recognized that there are im- 
portant inadequacies in the model, but it should be 
emphasized that the Debye treatment is simple and 
perhaps the best one-parameter theory available. 
The most striking exceptions to Debye behavior are 
seen in the case of highly anisotropic solids such as 
graphite (6) where the low temperature heat capacity is 
found to vary as T*. Such an effect has been handled 
by using a Debye-like two-dimensional continuum 
theory first proposed by Tarassov but the results are 
not highly satifactory. An excellent discussion of the 
specific heat of lamellar crystals is given by Newell 
(7). A more common deviation from the Debye 
theory arises from the lack of constancy of the 6p. 
Although in some cases the experimental data may be 
fitted satisfactorily using a constant value for @p, such 
an empirical value often disagrees with the value 
theoretically calculated from the elastic properties. 


More serious is the fact that much experimental cata 
cannot be fitted using a constant value of 6p; the dis. 
agreement usually is most serious in the low tempera. 
ture region from about 5° to 50°K. This sort of devia- 
tion can be somewhat improved by using a common 
cut-off wave length for all waves (and therefore a dif. 
ferent cut-off frequency for longitudinal and trans. 
verse waves). The reasons for this choice, which has 
a sounder theoretical basis than the Debye cut-off 
frequency, are well stated by Brillouin (8). Since the 
Debye theory uses a model which is physically unreal. 
istic except at the lowest temperatures, it is not sur- 
prising that disagreement with experiment should ::rise. 
It should be noted that at sufficiently low temperatures 
a macroscopic three-dimensional crystal will have a (, 
with a JT? dependence. This has been observed even in 
graphite below 2°K. The important point is that this 
“true” Debye region is at very low temperatures, 
usually in the liquid helium range. 


LATTICE DYNAMICS 


About the same time that the Debye theory was 
proposed, Born and von Karman suggested a molecular 
approach to the problem of finding the frequency spec- 
trum, g(v), which ‘was based on a lattice model. Al- 
though this was a sounder theoretical approach based 
on a realistic model and inherently capable of giving 
better results, it is much more complex than the Debye 
treatment and has been little used until recent years. 
With the development of mathematical techniques and 
the availability of high speed computers for numerical 
work, there has been a revival of interest in the Bor 
theory of lattice dynamics. The theory and several 
applications of it are very fully stated in a book by 
Born (9). Recent work has been mostly on body- 
centered and face-centered metals, graphite and alkali 
halides. 

One starts with an ideal crystalline solid of known 
crystallographic structure. A knowledge of the forces 
between atoms in the lattice is needed. Often central 
forces are used in which the atomic force constants 
are a function of distance alone. In this case there is 
one force constant for each type of neighbor inter- 
action which is considered. Except in the case of ionic 
salts where long range electrostatic terms are in- 
portant, the forces decrease rapidly with distance, and 
neighbors beyond the third nearest neighbor have been 
neglected. More general tensor forces between atoms 
can be used at the expense of making the problem 
more complex. (As an example, in the case of a no- 
ideal packed hexagonal close-packed lattice using 
only the twelve nearest neighbors, there are two cel 
tral force constants and seven tensor force constants.) 

With the structure, the mass of the atoms, and forces 
known, the total kinetic and potential energy for 
lattice with N unit cells is written in terms of ‘he dis 
placements of the atoms from their equilibrium pos 
tions. The potential energy is usually wriiten & 
quadratic in these displacements which assun es har 
monic or Hooke’s law forces. Some work has bee! 
done using cubic terms (anharmonic terms) but this 
effect can be neglected in discussing the low tet 
perature heat capacity. The Lagrange equaiions of 
motion are found making use of Born’s cyclic boundary 
conditions. These boundary conditions are equivalent 
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to studying a crystal of N unit cells imbedded in an 
infinite crystal, which will be satisfactory as long as 
N is large. From the equations of motion one obtains 
a secular equation for the frequency of the normal 
modes. For a material with n atoms per unit cell, 
there is a secular determinant of order 3n for each of 
N points in reciprocal space which define the direction 
and wave length of lattice normal modes. This gives 
3nN normal modes as required. Thus both “optical’’ 
and “acoustical” branches of the frequency spectrum 
are obtained. Although this description is given in 
terms of classical mechanics, Montroll (10) has pointed 
out that the same set of normal modes would be ob- 
tained from the solution of the Schrédinger equation. 
As an illustration of the secular equation which re- 
sults from the lattice theory, the secular determinant 
for a monatomic face-centered lattice is given below 


(11), 


2-C:(C2 + Cs) + 288i? — 8.8. 
2-C(C; + C3) + 2882? — 
SiS; S28; 


a 


where S; = sin (xk,a), Ci = cos (rk,a), 8 = y/a; and 
ais the nearest neighbor force constant, y is the second- 
nearest neighbor force constant, M is the mass of 
the atom. Points in reciprocal space are indexed by 
k ty ke, k 3. 

In principle, the problem is completely solved since 
one can solve equations (4) to give the frequencies of 
the normal modes and then obtain the frequency spec- 
trum. In practice, the problem is very complex since 
there are of the order of 10?* equations (4) for a macro- 
crystal. Also it is very difficult, if at all possible, to 
express g(v) in an analytical form as does the Debye 
theory. Current research in lattice dynamics is con- 
cerned with determining accurate values for the atomic 
force constants especially at low temperatures, and de- 
veloping techniques for obtaining the frequency spec- 
trum from the secular equation. Each of these fields 
will be discussed briefly. 


ATOMIC FORCE CONSTANTS 


Atomic force constants can be determined experi- 
mentally from either thermal diffuse X-ray scattering 
or from the elastic constants. The X-ray technique is 
more powerful in the sense that general tensor force 
constants can be obtained, but it is experimentally 
quite difficult and capable of less accuracy than the 
measurement of elastic constants. From elastic con- 
stants, usually only central force constants can be 
cbtained due to the small number of independent 
elastic constants for a given lattice type. However, 
these elastic constants can be measured with ex- 
cellent precision down to liquid helium temperatures, 
and the atomic force constants are readily obtained 
from them. For a face-centered cubic metal there 
are three elastic constants, cy, C12, Cx, in terms of which 
the atomic foree constants for nearest and next near- 
est neighbors, a and y respectively, are 


@ = y = — Ci2 — Cus) (5) 
where « is the dimension of the cubic unit cell. Only 
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a@ 


2-C3(C,; + C2) + — 


Cy and ¢y, — Cy are independent of electron gas con- 
tribution, so that only two force constants can be de- 
rived. In hexagonal close-packed metals there are 
five elastic constants which give four atomic force 
constants. 

In the past, the elastic constants of solids have been 
measured by a variety of static methods in which the 
deformations produced by time constant forces are 
determined. More recently, a dynamic resonance 
method has been employed using a “composite os- 
cillator” in which the test specimen is affixed to a 
quartz crystal of the same cross section and the ex- 
citing frequency varied until resonance is obtained. 
Using this technique, Sutton (/2) has measured the 
elastic constants of aluminum from 63° to 770°K. An 
even more powerful technique is now available. The 
adiabatic elastic constants of a crystalline substance 
may be calculated quite simply from a knowledge of the 


SiS: | 
S283 | = 0 (4) 


velocities of propagation of ultrasonic waves along 
various crystallographic axes. The development of 
pulsing circuits has created a convenient method for 
measuring these velocities. A short (about one micro- 
second) high frequency (about 10 Mc./sec.) pulse is 
applied to a piezoelectric crystal cemented to a known 
crystal face of the test sample. The elastic wave so 
generated travels the length of the sample, reflects 
from a parallel face, returns and is partially recon- 
verted into an electrical pulse by the transmitting 
crystal. By knowing the sample length and measur- 
ing the time delay between successive echo pulses, the 
velocity is determined. Measurements have been 
made from 4°K. to room temperature by Overton (13) 
on copper, and other face-centered cubic metals are 
being studied by him. Measurements are in progress 
in this laboratory on hexagonal close-packed metals. 
A similar method has been used by McSkimmin (/4) 
on silicon and germanium at low temperatures. 

A comparison of the central force atomic force con- 
stants obtained from elastic constants and the tensor 
force constants obtained from thermal diffuse X-ray 
scattering is given by Jacobsen (/5) in a recent room 
temperature X-ray study of -copper. 


FREQUENCY SPECTRUM 


There are three lines of attack currently being in- 
vestigated for obtaining the frequency spectrum of 
lattice normal modes, g(v), from the secular equation. 
The most fundamental of these is the analytic approach 
aimed at expressing g(v) in a closed analytic form, as 
can be done in the Debye theory. In this case the 
mathematical difficulties are formidable; so far the 
most complex lattice which has been done analytically 
is the simple cubic lattice (16). The next approach 
is to express g(v) as a power series in v or as a Legendre 
polynomial expansion. The coefficients in this series 
are determined from the moments of the frequency 
spectrum which can be found from the secular equa- 
tion. This technique is due to Montroll (10, 17) who 


f 


applied it to the simple cubic and body-centered cubic 
lattices. The moment calculation has also been made 
for a face-centered cubic lattice (18). The third ap- 
proach is a numerical one. Leighton (19) obtained 
g(v) for a face-centered cubic lattice by the unique 
method of modeling constant frequency surfaces in 
plaster of Paris and measuring the volume enclosed 
between successive surfaces. More recently, high 
speed computers have been used to solve the secular 
equation with given force constants for a large number 
(several thousand) of representative points, and the 
distribution of frequencies obtained has been assumed 
to be the true distribution. The disadvantage of a 
numerical solution is that the calculation must be 
completely repeated if one wishes to change the force 
constants or study a different material of the same 
structure, whereas the analytic or moment method 
gives g(v) as an explicit function of force constants. 

It is also possible to make some quite general state- 
ments about the form of the frequency spectrum from 
topological arguments. Van Hove (20) first intro- 
duced this concept and pointed out that predictions can 
be made for a crystal with harmonic forces as a conse- 
quence of the periodic structure alone. He showed 
that for a three-dimensional crystal g(v) is continuous, 
dg/dv has at least two infinite discontinuities and takes 
the value — ~ at the maximum frequency. Rosenstock 
(21) has recently applied this idea in greater detail to 
cubic lattices and located many of the singularities in 
the frequency spectrum. Figure | is taken from Rosen- 


FREQUENCY DISTRIBUTION 
FCC 

=== NUMERICAL (LEIGHTON) 
— SINGULARITIES 
& 


i 


2 4 16 


Figure 1. A Comparison of the Frequency Spectrum Obtained by 
Leighton's N rical Work and the Singularities Obtained by Rosen- 
stock (from Rosenstock (2/)) 


stock’s paper and shows the numerical frequency spec- 
trum obtained by Leighton (19) for a face-centered 
cubic lattice together with the predicted singularities. 
The ratio of second-nearest to nearest neighbor force 
constants is given by «. The distribution of normal 
modes is expressed in terms of » which is proportional 
to v?; g(v) is proportional to vg(u). Thus the low fre- 
quency behavior below about 0.1 u for g(u) is the same 
as a v? behavior for g(v) as it should be. Other fre- 


quency spectrums resulting from lattice dynamics are 
to be found in the references (15, 17, and 18). Jacolyson 
(15) has a particularly interesting comparison of the 
frequency spectrum obtained from a Debye, centra| 
force, and general tensor force treatment. 


CONCLUSION 


We have seen that the specific heat of a solid may be 
calculated from a knowledge of the frequency spectrum, 
g(v), which depends on the atomic force constants of 
the lattice. These constants can be related to the 
elastic properties of the material which are readily 
measurable. Inadequacies of the simple Debye model 
can be overcome by use of Born’s theory of lattice dy- 
namics which gives a quite different looking frequency 
spectrum At this time the most significant tests of 
the calculation of specific heats by the Born theory 
have been made on copper (1/5) and silver (18, 19) 
where the lattice dynamical result has shown better 
agreement with experiment than the Debye result. 

Lattice dynamics provides a method of getting infor- 
mation about the type and range of forces in solids by 
allowing one to vary the type of forces assumed and the 
number of neighbors included and then test the theoret- 
ical result with experiment. Lattice dynamics and 
the frequency spectrum are also very useful in predict- 
ing and correlating many other effects such as the co- 
efficient of thermal expansion, Raman crystal scatter- 
ing, X-ray thermal diffuse scattering, optical absorp- 
tion, and lattice transport properties such as thermal 
and electrical conductivity. 
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SATION 


AN ILLUSTRATION OF THE ABSORPTION OF 
HYDROGEN BY METALS 


Tre absorption of hydrogen by palladium and other 
transition metals has been widely studied.! 

Palladium will absorb hydrogen in an atmosphere of 
the gas at temperatures above 200°C. However, 
hydrogen can also be introduced into palladium at 
room temperature if the metal is made the cathode of 
an electrolytic cell. Once introduced, hydrogen can 
be removed by heating to a temperature of about 
200°C. An interesting feature of these metal hydrides 
is the volume expansion of the metal which occurs 
when the hydrogen is absorbed. This expansion is 
usually revealed by X-ray examination. 

The absorption and desorption of hydrogen accom- 
panied by expansion of the metal can be illustrated by 
the simple experiment described here. 

An 8-cem. length of palladium wire, approximately 
.27 mm. in diameter (B & 8 gauge 29 or 30), is held in 
one side of an insulated twin connector. A similar 
length of platinum wire of about the same gauge is 
connected in the other side. The wires are thus sep- 
arated by about 1 cm. These wires, which constitute 
the electrodes, are connected to a d.-c. supply with a 
milliammeter, a switch and a variable resistance in the 
circuit. Forty-eight volts and a variable resistance 
of about 10,000 ohms are convenient. The connector 
is then clamped above a breaker containing 2% sodium 
fluoride solution so that the electrodes are immersed 
to a depth of about 5 em., Figure 1. 

A manometer is made from 3-mm. i.d. tubing and 
filled with mercury to a level of about 15 cm., Figure 2. 
A is a small trap filled with calcium chloride, held in 
position by plugs of glass wool, and B is a 6-mm. i.d. 
tube. Connections are made by rubber or plastic tub- 
ing. A micrometer screw gauge which reads accurately 
to .01 mm. and a Bunsen burner are also required. 

The palladium is connected as anode and a current of 
5 milliamps. passed for 5 minutes. This preliminary 
anodizing increases the efficiency of absorption of 
hydrogen. Moreover, it leaves a slightly blackened 
surface on the metal which indicates the level of im- 
mersion. 

The polarity is then reversed and with the palladium 
Wire iow connected as cathode a current of 5 milliamps. 
1s passed for about 50 minutes. The palladium wire is 
then disconnected, quickly washed with water and 
dried with filter paper. 

Exmination by the micrometer screw gauge shows 
that the diameter of the wire below the level of immer- 
sion has increased by about 5%. Little or no increase 


‘Sarr, D. P., “Hydrogen in Metals,’ Chicago University 


F. A., anp A. R. Uspetonve, J. Chem. Soc., 1954, 
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B A 


Figure 1 Figure 2 


in the diameter of the wire above the immersion level 
can be observed. 

The wire is then introduced into the tube B which is 
connected to the manometer. The mercury levels of 
the manometer are read and about 5 minutes are 
allowed to elapse during which no further change of 
the levels should occur. Gentle heating of the wire by 
a Bunsen flame results in release of hydrogen gas as 
indicated by the final manometer levels when the tube 
has been allowed to recool. A palladium wire of the 
dimensions indicated, when saturated with hydrogen, 
contains 0.6 g. atoms H/Pd. This corresponds to a 
release of about 2 ml. (STP) of gaseous He. 

On higher heating of the wire hydrogen-oxygen 
combination takes place and often occurs suddenly. 
The water vapor formed can be seen in the tube con- 
taining the specimen, and the reaction is indicated by a 
further change of the mercury levels of the manometer. 

When the wire is removed from the tube B, re- 
examination by the micrometer gauge shows that it has 
not completely returned to its initial diameter but to 
a diameter less than that when charged with hydrogen. 
Hydrogen can also be removed from the wire by means 
of reversed electrolysis. Other methods of oxidation 
at room temperature can easily be added to the demon- 
stration.2 Using these latter methods the wire is 
found to return to its initial diameter. 

The same length of palladium wire can be used for 
several demonstrations although, after the wire has 
been heated to high temperatures, it may be necessary 
to abrade the surface gently with emery cloth to 
reactivate the surface for reproduction of the results. 
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RADIOISOTOPES ON YOUR ROOFTOP 


T were has been some discussion in the past concerning 
the procurement of radioisotopes for classroom and in- 
structional use.! It has become apparent that many 
people are unaware of the source of radioisotopes that 
is available to everyone at low cost and without ac- 
countability. This source is the atmosphere. 

It is well known that several countries have spent 
billions of dollars, pounds, and rubles in developing this 
source of supply for all of us. The method of distribu- 
tion—atomic explosions—is not very efficient since 


such a large quantity of the valuable byproducts falls _ 


out in inaccessible areas, and within such a short time 
after the test. However, a considerable amount of 
radioactivity does remain in the atmosphere for long 
periods. Collection, recovery, and measurement of 
these radioactive materials may be accomplished 
through the use of relatively simple procedures and is a 
good training exercise in tracer chemistry. 

Collections of radioactive material from the atmos- 
phere can be conveniently made by filtering air through 
suitable filter papers or by collecting rain water.2- The 
latter method will be described since it is somewhat 
simpler to accomplish. 

The quantity of radioactivity collected will depend 
on a number of factors: the kind and quantity of rain, 
the size of the collecting surface, the time elapsed since 
previous atomic tests, and the geographical location. 
The preferred collecting surface is polyethylene film, 
which is inexpensive, can be laid over an existing roof, 
and may be readily changed when it becomes dirty. 
Radioactive isotopes may be recovered from the rain 
water by coprecipitation with aluminum hydroxide or 
by absorption on ion exchange resins. The following 
description of a typical collection will indicate the ex- 
treme simplicity of the latter method. 

The collecting area consisted of a plywood platform 
8 ft. square covered with a single piece of 4-mil poly- 
ethylene. Raised edges on the platform prevented run- 
off of rain water. Rain water together with dry fallout 
was collected on this area over a two-week period dur- 
ing March, 1957, and then transferred to 10-gal. poly- 
ethylene pails. The collected rain together with water 
used for rinsing was passed at the rate of 1 gal./hr. 
through a column consisting of a 1-in. band of filter 
paper pulp, a 2-in. band of cation-exchange resin 


1 West, R., J. Cuem. Epuc., 34, 7-8 (1957). 
2 Kine, P., er au., Nucleonics, 14, 78-84 (1956). 
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(Dowex-50, 50-100 mesh) and a 1-in. band of anion- 
exchange resin (Duolite A-2) in a piece of 1-in. i.d. 
polyethylene tubing. Less than 2% of the gross 8- 
activity passed through this system. The contents of 
the column were dried, ignited at 650°C., and the ash 
was analyzed radiochemically. 

The ash was dissolved in nitric and perchloric acids, 
concentrated by heating until. heavy fumes were 
evolved, and then measured amounts of carriers were 
added. It was found to be most convenient to add 
quantities of carriers that would give 50 mg. or more of 
mountable sample. Ordinary techniques employed in 
macro-chemical gravimetric procedures were entirely 
satisfactory. Classical chemical group separations were 
used, followed by individual separations and radio- 
chemical purifications of the compounds containing the 


in question. 


Radioactive Isotopes Deposited on a 64-Square Foot Area 
at Washington, D. C., March 12-26, 1957 


Rate of deposit ion 


Activity (d./m./ 
(disinteg./ sq. ft./ 
min. )* day 


(atoms /sq. ft./ 
Tsotope Half-life day 
Ba!” 12.8 days 
28 days 
54 days 
y* 61 days 
Ce144 275 days 
28 years 
Cs137 37 years 
Bi?” 65 days 


@ Corrected for decay to Mar. 26, 1957. 

» Sr® determined from measurement of separated Y® daughter 
© Rate of deposition of the Pb?! (22 y.) parent of Bi?”’. 

4 From analysis of aluminum absorption curves. 

¢ Includes contribution of other rare earths (except Ce). 


oo 
xxx 


The actual quantities of radioactive material sepa- 
rated are shown in the table. Higher specific activities, 
if desired, could have been obtained by decreasiiy the 
quantities of carriers added. The radioactive isotopes 
collected may be used to perform simple tracer experi- 
ments in analytical chemistry. 

Such a system of collection and radiochemical an:i!ysis 
offers a means of following the rate of deposition of 
fission products from the atmosphere and can vield 
useful data on radioactive fallout. 
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INEXPENSIVE MOLECULAR MODELS FOR USE IN 


THE LABORATORY 


A recent trend in the teaching of organic chemistry 
has involved the wider application of molecular models. 
Besides the use of models in lecture demonstrations, 
the construction of molecular models has started to 
find its way into laboratory manuals as exercises for 
the student.! This is an excellent idea since the 
kinesthetic learning helps beginning students in recog- 
nizing the many different two-dimensional structural 
representations possible for organic compounds. How- 
ever, a serious objection to an experiment of this 
kind is the cost of supplying each student or pair of 
students with commercial molecular models. 

It has been found that satisfactory low-cost models 
can be made by using a wax such as Ceraweld Amber 
or Ceratack 155. These waxes are made by the 
Bareco Oil Company of Tulsa, Oklahoma, and are 
obtainable in 80-pound lots at approximately 20 cents 
a pound. Since the wax is used by some art depart- 
ments for sculpturing purposes, it is possible that the 
local bookstores already carry some in stock. 

The wax is light amber in color with a reported 
melting point of 155°F. Although fairly hard, it can 
te cut with a knife and is plastic enough to be molded 
with ease. Models can be made by making balls of 
10 to 15 mm. in diameter and connecting them with 
bonds made by cutting wooden applicator sticks to 
the appropriate lengths of about 15 to 20 mm. Mole- 
cules as Jarge as hexane with an actual model length 
of 14 cm. for the configuration of maximum length can 
be made which are sturdy enough to be twisted about 
the various carbon-carbon bonds to illustrate the differ- 
ent shapes possible. This is a decided advantage over 
the use of molding clay, or Plastacene, which is satis- 
factory for models of methane and possibly ethane 
but structurally too weak for larger molecules. The 
use of wax for models is also superior to the cork and 
toothpick method sometimes used because of the 
greater ease of construction and adaptability exhibited 
by the wax. 

Several of the disadvantages of not using commercial 
models which have tetrahedrally drilled holes and vary- 
ing colored atoms can be overcome by designing an 
appropriate experiment. Methane, constructed as 
the first exercise, can be checked easily by the labora- 


E., H. Hart, anv R. D. Scuvuetz, ‘Laboratory 
Manual ior a Short Course in Organic Chemistry,” Houghton 
Mifflin Co., Boston, 1953. 
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tory instructor for acceptability. If the molecule has 
not been constructed tetrahedrally, the corrections 
can be made easily. This model can then be used as 
a criterion for evaluating the correctness of the bond 
angles of subsequent models. In molecules such as 
cyclohexane, the conformation of the hydrogens can 
be used to check the general accuracy of bond angles. 

In the absence of color coding, the different atoms 
may be distinguished by making the atoms in distinctly 
different sizes. Halomethanes, made by using a large 
ball for halogen, a medium sized ball for carbon, and . 
asmall ball for hydrogen, present no difficulties. Where 
a wider variety is desirable, different shapes such as 
cubes and cones can be used. 

Since spring bonds to illustrate carbon-carbon double 
bonds are impractical for wax models, recourse can be 
made to a more accurate representation of the sigma 
and pi bonds involved. An applicator stick is cut 
to an appropriate length so that it will pierce a wax 
ball leaving about 1 cm. projecting from each pole. 
The three sigma bonds are then inserted trigonally 
on the equator of the wax ball. The 1-cm. projections 
from the poles thus represent the pi orbitals. Overlap 
to form the pi bond can be represented by slipping 
rubber bands over the sticks representing the pi 
orbitals. 

The actual laboratory use of models of this type 
has demonstrated: at least one distinct advantage. 
Because of the low costs involved, each student is 
instructed to take the materials home so that the stereo- 
chemical concepts can be visualized when these are - 
presented later in the course. Each student needs 
15-25 g. of wax and bonds which he can quickly and 
easily cut from about four applicator sticks with diag- 
onal cutters. The cost is about 1¢ per student, an 
inexpensive experiment under any standards. 


Low-Cost Molecular Models Made from Wax. Left, Hexane; Right, 
Ethylene. Rubber Bands Illustrate Pi Orbital Overlap to Form a Pi 
Bond 
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STUDENT-BUILT 


Tue rapid acceptance of spectrofluorometric analysis 
in such fields as biochemistry and the manufacture of 
pharmaceuticals suggests that the method is worthy of 
being incorporated into the customary instrumental 
analysis course. Commercial instruments now on the 
market are patterned on the prototype of Bowman, ef al. 
(1), and although these instruments are proving to be 
extremely useful in research, their present high cost 
may deter college chemistry departments from pur- 
chasing them for pedagogic purposes. 

A philosophy gaining popularity among educators is 
that relatively simple, inexpensive, and laboratory- 
constructed apparatus can be used advantageously in 
illustrating principles, since the student’s attention is 
focused on the basic theory and practical methods of 
operation rather than a mastery of turning the proper 
dials in the proper sequence (2). In accord with this, a 
student project was organized for the purpose of con- 
structing a cheap, practical spectrofluorometer. 

Spectrofluorometry can be defined as the measure- 
ment of the spectral characteristics of fluorescent or 
phosphorescent substances by photoelectric means. 
The luminescence is usually obtained using ultraviolet 
light as the source of excitation. The spectra are due to 
electronic transitions within atoms or molecules and 
bear a close relationship to absorption spectra in the 
ultraviolet or visible region (3). There are several ad- 
vantages in the employment of spectrofluorometry in 
analytical work. For qualitative identification of 
chemical species, this method may often yield spectra 
more clearly defined and unique to a single compound 
than customary spectrophotometry. In quantitative 
work, the technique is often far more sensitive than 
other methods, but there are also limitations to its use 
such as quenching effects and nonadherence to Beer’s 


law (4). 
DESCRIPTION OF THE INSTRUMENT 


Figure 1 is a diagram of the optics; Figure 2 is a 
photograph of the assembled instrument. A discussion 
of the general and specific aspects of each component 
follows. The symbols accompanying the topic title 
pertain to the position of the component in Figure 1. 

Source of Excitation (Sc). In the selection of the ex- 
citing source, consideration should be given to the 
nature of the compounds which will be studied by the 
instrument. There are many ultraviolet sources avail- 
able (5), and for compounds of primary interest there 
may be one source that will be particularly well-suited. 
For example, in the present case the instrument was to 


1 This work was supported in part by a grant-in-aid from the 
Socony Mobil Oil Company. 
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Se — Source of Excitation—U.V. 

F — Appropriate Filter 

C — Cell Containing Fluorescent 
Liquid 

Li — Cylindrical Condensing Lens 

S: & Sze —Slits 

Lz & Ls —Collimating Lenses 

Pr — Constant Deviation Prism 

Ph — Photomutiplier Tube 

D — Micrometer Screw 


Figure 1 


be used to obtain fluorescence spectra of porphyrin 
compounds. These compounds exhibit maximum 
fluorescence when excited with light of approximately 
400 millimicrons wave length. A commercial source 
known as ‘“‘Mineralite SL 3660” (6) was found to have 
high output in this region and was incorporated within 
the instrument. 

Filter. The purpose of a filter is to narrow the spec- 
tral range of the exciting source and especially to pre- 
vent the transmission of visible light to the cell contain- 
ing the fluorescent sample. Since in the present work 
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porphyrin compounds were to be studied, the filter de- 
signed for the SL 3660 tube was used. 

(ell Holder. The cell used with the instrument meas- 
ured about one centimeter square and ten centimeters 
Jon, and was one of a pair that came as accessories to a 
B. & L. “Spectronic 20.” The cell holder is pictured in 
Figure 3. One side of the cell is in close proximity to 


UV. Bulb 


Filter 
Cell fits here 


Fluorescent 
radiation 


the filter (behind which is the source), and, at right 
angles to this, the fluorescent radiation is observed by 
the monochromator. 

Monochromator. (Lh, Tn, Si, Se, FY, and D). Of pri- 
mary importance in the design of a spectrofluorometer 
is the choice of an appropriate monochromator. Al- 
though there are many articles in the literature describ- 
ing modifications of the Beckman Model DU spectro- 
photometer for spectrofluorometric purposes (7), there 
is little information on the utilization of less costly 
optical equipment for this purpose. The Beckman 
Model DU is completely equipped with quartz optics in 
order to fulfill its intended purpose of spectrophotome- 
try in the ultraviolet region. However, much of the 
fluorescence of interest occurs in the visible region 
where conventional glass is superior to expensive 
quartz in spectral dispersion power. For this reason, 
and also because a quartz spectrophotometer is often 
fully occupied by its intended function, the instrument 
to be described uses an old spectroscope as a mono- 
chromator. 

The spectroscope employed was a Hilger of ancient 
vintage. It possesses a constant deviation prism which 
offers the advantage that the collimating tubes remain 
stationary during operation. Any unit that can serve 
as a monochromator could furnish a starting point for 
the construction of this type of instrument. If no such 
equipment is available, a cheap practical mono- 
chromator can be easily constructed. Either an inex- 
pensive grating or an interference wedge can be utilized. 
Both of these devices offer the convenience of linear dis- 
persion which is not possible in prism instruments. The 
application of the interference wedge to this type of in- 
strumeiit seems to be particularly appropriate in terms 
of cost, simplicity, and compactness. The reader is re- 
ferred to the excellent article by H. W. Safford and D. F. 
Westnet (8) for details on the construction of such a 
unit. Slits, if needed, may be obtained commercially or 
improvised if the budget is limited. A simple but ade- 
quate expedient is to scratch a straight line with a razor 
blade on the back of a silvered glass. 
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Detector (Ph). The choice of a suitable detecting unit 
is most critical in this type of instrument. Passage of 
the fluorescent radiation through a monochromator 
reduces its intensity manyfold. This is especially true if 
maximum resolution is desired, since small slit widths 
will then be employed. Very intense U. V. excitation 
could be employed to increase the signal strength, but 
this expedient should be avoided because it promotes 
photochemical decomposition. For this reason, an un- 
usually sensitive detector is needed and this requires 
the incorporation of a photomultiplier tube. _ The in- 
strument described incorporates a commercial photo- 
multiplier microphotometer (American Instrument 
Company, Cat. No. 10-210) in a detachable-manner so 
that its use is not restricted to this particular application. 
In all likelihood a homemade detection device would 
also serve. For example, one can supply high voltage 
(600-1000 v.) to a photomultiplier tube by means of 
batteries. The output of the detector tube is then 
coupled to a meter or recorder via a cathode follower. 
In this respect it would seem as if one of the popular 
vacuum tube voltmeters now on the market in kit form 
(9) would function adequately for this purpose. Fur- 
thermore, it would afford the advantage of a direct 
reading meter. 

In the present instrument the output of the detector 
circuit is coupled to a Varian G-10, 10-millivolt re- 
corder. The paper drive of the recorder also drives the 
wave length scroll D of the monochromator, coupling 
being achieved by means of a string drive. Since the 
wave length scale will not be linear with the recorder 
paper (unless a grating or wedge monochromator is 
used), the following technique is used to assign wave 
lengths. The input to the recorder is also connected 
to a microswitch, which, when pressed, shorts the input 
and registers a pip superimposed on the spectrum. A 
few such markers on both extremes of the spectral range 
permit a previously established wave length scale to be 
copied or pasted on the spectrum. 


USE OF THE INSTRUMENT 


The spectrofluorometer described has been in use for 
six months, and has given good performance. It is used 
for qualitative purposes, and its application to quanti- 
tative evaluations has not been tried. Figure 4 shows 
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the ability of the instrument to differentiate etiopor- 
phyrin from protoporphyrin. These two compounds 
are both degradation products of hemin, the prosthetic 
group of hemoglobin, and differ only in the fact that 
etioporphyrin has no carboxyl groups. Ordinary ab- 
sorption spectrophotometric procedures fail to dis- 
tinguish between these closely related compounds, and 
the usual recourse is to make use of paper chroma- 
tography. 

The spectrofluorometer, along with most of the in- 
struments of the department, serves a twofold purpose: 
for research and for use in the instrumental analysis 
course. In the latter case, unknowns may be provided 
which the student must identify by means of the 
characteristic fluorescence spectrum. (A list is pro- 
vided giving the principal fluorescence peaks of a se- 
lected group of substances.) Alternately, a more 
elaborate problem may be assigned, such as letting the 
student first separate the pigments of leaves by adsorp- 
tion chromatography (/0) and then permitting him to 
further identify the fractions via their fluorescence 
spectra. 

Work has been done using the instrument manually, 
and although point by point plots are not as con- 
venient as automatic recording, they can be made 
rapidly and accurately. With this instrument there is 
always some decomposition of the sample due to the 
high energy excitation, and also the sample is heated by 
being near the excitation source. These two problems 
are minimized by turning on the source only while a 
run is in progress and by using a rapid scanning rate. 
In the short wave length region, there is some scattered 
light, but this appears as sharp mercury emission lines, 
and instead of being a disadvantage fulfills the useful 
function of calibration pcints. The base line is per- 
fectly flat when there is no fluorescent or scattered light 
emission. 

Perhaps the greatest asset of the general technique of 
spectrofluorometry is that recording instruments can be 
built to cost a fraction of the price of recording spectro- 
photometers. This is largely due to the fact that this 
“single beam’ instrument examines light emission 
rather than absorbed radiation and therefore does not 
involve compensation for solvent effects. (A solvent 
can usually be utilized which is nonfluorescent.) Also, 


no complex electronic circuitry is needed to provide ! org 
flat base line as in the case of absorption spectroyho. 
tometry. Simple d.-c. amplification of the output of , 
photomultiplier tube (1P28 is recommended) has ¢ iver 
satisfactory results. Although a major disadvanta.re of 
this instrument is that it can only be used to exam ne , 
select group of compounds, the incorporation ©! ay 
atomizer burner accessory is expected to exten | its 
function to that of a recording flame photometer. 

In concluding this article the authors would like to 
emphasize that the primary purpose of reporting this 
student project is not to permit duplication in detail of 
the instrument described, since it is highly unlikely 
that identical starting materials would be availalle to 
other groups. The principal objective of this article is 
to encourage the construction of equipment by students 
themselves preferably by the employment of unitize 
components which are flexible enough to permit the 
assembly of a variety of instruments. Each component 
such as a monochromator or a photomultiplier photome- 
ter could have been constructed originally as a student 
project, or purchased. In this way, otherwise unob- 
tainable equipment may be provided, new instruments 
may be developed, and, most important, it is felt that 
the students themselves will acquire a sound practical 
background. 
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FROZEN FREE RADICALS—JUPITER’S COLOR 


‘When a stream of nitrogen gas is heated up and passed through a high frequency electrical 
field, free radicals are generated; trapping them on a liquid helium-cooled surface results in solid 
deposits that emit a bright green glow, or give off blue flashes. Analysis shows that the radicals 
in question are trapped atoms of nitrogen in a high energy state. Similar experiments indicate 
that the familiar pattern of colored stripes of the planet Jupiter, whose outer atmosphere ranges 
from 130 to 180 degrees below zero centigrade, may be due to such frozen free radicals—primarily 
those from ammonia and methane. Jupiter’s famous red spot may be due to cuprene, a polymer 
of acetylene, known to be formed when methane is illuminated with light of very short wave 


length.”’ 


—Industrial Bulletin of Arthur D. Little, Inc. 
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THE ROYAL INSTITUTION OF GREAT BRITAIN’ 


Ix ALBEMARLE Street, a short road which runs parallel 
with Bond Street in London’s West End, stands a long 
building fronted by heavy Corinthian columns. It is 
the house of the Royal Institution of Great Britian 
where for over 150 years famous men have come to give 
and to listen to lectures intended to diffuse a knowledge 
of seience, and where much scientific research of the ut- 
most importance has been carried out. It has been the 
home of a succession of eminent scientists from Sir 
Humphry Davy to Sir Lawrence Bragg, the present 
Resident Professor, and it is within its walls that events 
and discoveries, which are landmarks in the history of 
science, have taken place. This historic Institution 
still flourishes today and energetically pursues its 
original aims, which are the “promotion of science and 
the diffusion and extension of useful knowledge.” 

Such broad aims could mean much or little, but in 
1799, when the Royal Institution was founded, scien- 
tifie and technical education was almost non-existent in 
England. There were no means of spreading a knowl- 
edge of science such as we have today in our highly or- 
ganized society. There were few, if any, scientific lab- 
oratories which were not owned by private individuals. 
The famous Cavendish Laboratory at Cambridge and 
the Clarendon Laboratory at Oxford were not founded 
until the 1870’s. Physics, which was then known as 
natural philosophy, was still to a certain extent a sub- 
ject for the philosophers; while chemistry, to most 
people, remained a rather mysterious subject vaguely 
associated with old alchemists. The experimental 
method in science, although then 150 years old, was only 
appreciated by scientists and there was no general un- 
derstanding of it. Thus, there was a vacuum waiting to 
be filled and how could it be filled better in 1799 than by 
the formation of an institution in the heart of London 
dedicated to the “promotion of science and the diffusion 
and extension of useful knowledge?” 


FOUNDED BY COUNT RUMFORD 


It was that remarkable man, Count Rumford (Figure 
1), who appreciated the situation, and with dynamic 
energy he planned and started the Royal Institution on 
its illustrious career. Rumford, who was born in Mas- 
sachusetts in 1753, had led an eventful life as a soldier, 
statesman, philanthropist, and scientist in America, 
Bavaria, and in England. The year 1798 found him in 
England without a job. He had been sent by the Elec- 
tor of Bavaria to be his Minister and representative in 
England, but he was unacceptable to the government in 


‘Eprrox's Nore: This is another in the series of papers being 
7 by Dr. Ralph E. Oesper to give those of our readers 
wio may |. crossing the Atlantic a preview of places of notable 
Scientific interest. See also J. Cuem. Epuc., 34, 283(1957). 
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Figure 1. The Comforts of a Rumford Stove. Caricat 
Thompson, Count Rumford, b7 Gillray, 1800 


this diplomatic office because his family was of English 
descent and so he could not represent a foreign country. 
This at least was the official reason, but perhaps his 
dubious exploits in the War of Independence in America 
had some bearing on the decision not to accept him. 
However, instead of politics, he found another outlet 
for his energies—the formation of the Royal Institu- 
tion—and witb typical vigor he threw himself into this 
task. 

He collected support and money from influential and 
wealthy people for his proposals “for forming by sub- 
scription, in the Metropolis of the British Empire, a 
Public Institution for diffusing the knowledge and facili- 
tating the general introduction of useful mechanical in- 
ventions and improvements, and for teaching by courses 
of philosophical lectures and experiments the applica- 
tion of science to the common purposes of life.’”’” This 
institution was formally constituted at a meeting pre- 
sided over by Sir Joseph Banks at his house in Soho 
Square on March 7, 1799. 

Rumford was the author and driving force of the new 
foundation. The house in Albemarle Street was then on 
the market. Its previous owner, Mr. John Mellish, 
had died after being shot by highwaymen on Hounslow 
Heath—and it was purchased within two months of 
that first meeting (Figure 2). Rumford with great 
speed had the house adapted to the Institution’s pur- 
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Figure 2. The Front of the Royal Institution as it was about 1840. 
From the Watercolor Painting by T. Hosmer Shepherd 


poses, and a lecture theater, a library, a repository for 
the exhibition of mechanical inventions, workshops, 
kitchens, and a chemical laboratory were laid out. A 
school for mechanics was started, professors and lec- 
turers were engaged, and a printing press was set up for 
the publication of a journal. There were benefits for 
all, both rich and poor, and Rumford personally super- 
vised everything. From some of his early reports on 
the progress of the Institution it is obvious that he was 
very proud of his handiwork. 

It was not long, however, before difficulties became 
apparent. The scheme proved to be too expensive, and 
Rumford, who had an overbearing and dictatorial man- 
ner, soon began to have differences of opinion with the 
other officers of the Institution. Thomas Garnett, the 
first professor, left in 1801 after having crossed swords 
with the fiery Count. But about the same time Rum- 
ford did something for which the Institution and indeed 
the world has ever since been thankful: He engaged a 
young Cornishman, Humphry Davy, to be Assistant 
Lecturer in Chemistry, allowed him to occupy a room in 
the house, furnished him with coals and candles, and 
gave him a salary of 100 guineasa year. At Rumford’s 
suggestion also, Dr. Thomas Young was engaged as Pro- 
fessor of Natural Philosophy in the same year. Thus, 
within two years of its birth, the Royal Institution, 
which had by this time been granted a Royal Charter, 
was being guided by two brilliant and remarkable scien- 
tists. The Institution then stood on the threshold of an 
era which was to bring forth not only a series of wonder- 
ful discoveries made within its walls, but also experi- 
mental scientific lectures such as had never been known 
before. 

Rumford, however, had shot his bolt. The troubles 
which began in 1801 grew worse until finally he left 
England in May, 1802, and never returned. His con- 
nection with the Institution which he had created was 
finally broken and he spent the rest of his life in Paris 
until his death in 1814. 

The need for economy and Rumford’s departure 
heralded drastic changes in the Institution’s affairs. 
Much of the philanthropic side of Rumford’s scheme, 
such as the school for mechanics, was abolished, and 
henceforth the Institution devoted itself to scientific 
research in the laboratories and to lectures illustrated by 
experiments. Research and exposition are the twin 
methods by which the Institution still pursues its ob- 


jects today. The record of research and the fame : nd 
influence of the lectures have proved the wisdom of this 
policy. 

It was the remarkable Thomas Young and the },rjl- 
liant, youthful Davy who held the stage in 1502. 
Young delivered his renowned series of lectures on j,at- 
ural philosophy and then gave up his position as pro- 
fessor at the Institution in 1803. Davy took London 
by storm and went on from strength to strength. His 
biographer, J. A. Paris, said, 

The enthusiastic admiration which his lectures obtained js 
scarcely to be imagined. Men of the first rank and talent, the 
literary and the scientific, the practical, the theoretical, blue 
stockings and women of fashion, the old, the young, all crowded, 
eagerly crowded, the lecture room. 


That was the scene every time Davy lectured. A\l- 
bemarle Street was blocked by the carriages of his audi- 
ence, and chemistry was exciting when he demonstrated 
and described with such clarity and vivacity his latest 
discoveries in galvanism, electrolysis, nitrous oxide, 
decomposition of the fixed alkalies, the nature of chlo- 
rine—research which he was carrying out in the lab- 
oratories of the Royal Institution. Nothing like it 
had been known before. 

In 1813, when he had a world-wide reputation and 
was loaded with honors, Davy accepted an application 
from Michael Faraday, who was then a young book- 
binder’s apprentice, and engaged him as his assistant in 
the laboratory at a salary of 25 shillings a week and 
allowed him to occupy rooms in the Royal Institution’s 
house. There Faraday lived and worked for the next 
45 years and begame perhaps the greatest experimental 
scientist of all time. His fundamental discoveries are 
known to everybody. They are the foundation upon 
which the whole of the world’s electrical industry is 
based. His famous electromagnetic ring, his manv- 
scripts, and some of his other apparatus are treasured 
possessions at the Institution now. 


FARADAY, THE BRILLIANT LEADER 


Faraday lived humbly with his wife Sarah in the flat 
on the second floor of 21 Albemarle Street. He worked 
in his laboratory in the basement (only a small part of 
which remains today), he carefully prepared and de- 
livered his lectures, he ran the day-to-day affairs of the 
Institution, and he cast aside his chance of making 4 
fortune in industry. As a lecturer he was unrivaled 
and, like Davy, he filled the lecture theater with en- 
thusiastic audiences every time he gave his brilliant 
experimental discourses. A feminine commen! was 
published in Punch in 1857 as a letter supposedly writ- 
ten by a fashionable young lady: 

Do you know Dr. Faraday? Isn’t he a dear? We went to the 
Royal Institution the other night, and Dr. Faraday gave « |ecture. 
Prince Albert was there with his star on, looking so grive and 
elegant. He listened with the utmost steadiness.... ut the 
lecture was lovely. It was quite a treat to look at dear Dr. 
Faraday’s earnest face and silvery hair, not that he is an «id man, 
far from it, and he is far more light and active than ‘any 4 
smoking stupid all-round collar man that I know. H:e Was 
Dr. Faraday, a really great man, diving into the w iderful 
secrets of nature, and explaining them in the ablest | anne! 
Where were all the great men and statesmen, and the M.'’.s and 
ali those who pretend to lead the world? Listening to h' 4 he 
unfolded these mighty things? Not they! 

Faraday was appointed the first Fullerian Professor of 
Chemistry in the Royal Institution in 1833. This a> 
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poiitment was made after a certain Mr. John Fuller 
had left a legacy which was sufficient to bring in a mod- 
est income for the Fullerian Professor. It is said that 
Fuller, whose feeble constitution frequently prevented 
him from sleeping, could always find repose at the lec- 
tures of the Royal Institution. The Institution still 
beneits from his generosity today, and eminent men 
who have held the same office since Faraday have all 
been such inspiring lecturers that they have compelled a 
rapt attention from their audiences. 

The famous Christmas Lectures for juveniles were 
started by Faraday in 1826 and every year a course of 
six lectures, all fully illustrated by experiments, is still 
given today. Faraday gave the course on nineteen 
occasions, and his well-known series on the ‘chemical 
history of a candle” is still referred to as a masterpiece 
of exposition. Although he never had any children 
himself, he was never happier than when lecturing to 
young people, and the tradition he started so well and 
so, enthusiastically is still carried on each Christmas 
when the lecture theater is crowded with an 
eager young audience who come to hear the lectures 
which are given by some eminent scientist. The 
months of careful preparation which always precede 
these lectures are found to be well worth while when the 
demonstrations are finally staged at the historic lecture 
bench where so many experiments, famous in the his- 
tory of science, have been performed. 


A CONTINUING TRADITION OF RESEARCH AND 
EXPOSITION 


Since Faraday’s time, the affairs of the Institution 
have been mainly directed first by John Tyndall, then 
by Sir James Dewar, and then by Sir William Bragg. 
The great contributions which these three men made 
to scientific knowledge is well known, and their research 
work in the Institution’s laboratories added much to 
the fame which the discoveries of Davy and Faraday 
had brought to the Institution. But, in addition, 
Tyndall, Dewar, and Bragg were probably each in turn 
the most brilliant lecturers of their day, and so research 
and exposition of the highest standard continued to be 
the method by which the objects of the Institution were 
pursued. Each of these three men lived in succession in 
the flat on the second floor where Faraday had lived 
before them. Sir Henry Dale, during the second werld 
war, Sir Eric Rideal, Professor E. N. daC. Andrade, and 
now Sir Lawrence Bragg have followed in the same tradi- 
tion and have all added to the record of research in the 
laboratories and to the continuation of the experimental 
discourses in the lecture theater. 

The building is worthy of the events which have 
taken place within its walls. Many alterations have 
been carried out during the past 158 years, but the 
famous emicircular lecture theater, of which Count 
Rumford was so proud, is essentially the same as it orig- 
nally was, The associations which this lovely room 
has with so many of the greatest events in the develop- 
ment of science and the imposing list of great men who 
have lec: ured in it is stillan inspiration tolecturers today. 

It was Faraday who started the Friday Evening Dis- 
Courses 111 1825, and they are still today one of the In- 
Stitution’s main forms of activity. They are delivered 
at a level which can be understood by the average intel- 
ligent person, although the audience always includes 
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many scientists and specialists. The Discourses have a 
certain characteristic formality which has been observed 
since the early days of the Institution. A few minutes 
before 9 p.m. the Managers of the Institution, headed by 
the President or a Vice-President, with the lecturer’s 
lady on his arm, enter in procession and take their seats. 
Then, as the hour strikes, the lecturer, wearing evening 
dress, comes in through the swing doors, takes his place 
at the rostrum and begins his discourse without any in- 
troduction and without the usual ‘Ladies and Gentle- 
men.” The discourse lasts for precisely one hour and 
the tradition is such that this time is very seldom ex- 
ceeded. Clarity of exposition and well-staged demon- 
strations have given the Discourses their high reputa- 
tion. Perhaps the lecturers today are conscious, while 
they are talking, of the standards set by Davy and 
Faraday. Halfway down the long corridor which leads 
from the anteroom outside the lecture theater, where 
Davy first interviewed Faraday, is a little room which 
is set aside for lecturers. In the corner of this room 
stand a long jar of barnacles and a large crystal. The 
legend is that Davy had these objects placed in a stra- 
tegic position for lecturers to see—the barnacles to 
remind the lecturer to stick to his subject and the crys- 
tal to remind him to be crystal clear. 


THE LIBRARY AND MUSEUM 


The library is situated in gracious rooms on the 
ground and first floors, and contains many rare and 
early scientific works, besides a fine collection of period- 
icals, many dating back to the early nineteenth cen- 
tury, a good reference collection of modern books on the 
physical sciences, and standard works on other branches 
of science, on history, topography, literature, and the 
fine arts. Many of the early books were presented by 
Rumford, Faraday, Tyndall, and others connected with 
the Institution and bear their inscriptions. 

Behind the lecture theater is a semicircular ambula- 
tory where some of the Institution’s historic apparatus 
is displayed. Here may be seen Davy’s experimental 
miner’s safety lamps, his electrolysis apparatus (Figure 
3), his batteries which he used in decomposing the fixed 
alkalies; Faraday’s famous electromagnetic ring and 
other electrical equipment; Rumford’s cooking pots 
and model stoves; Dewar’s first vacuum flasks, and 
other scientific apparatus famous in the history of 
science. 

Only a small portion of Faraday’s laboratory exists in 
the basement, the rest having been reconstructed in the 


Figure 3. Davy's Battery Troughs and Electrolysis Apparatus 
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Laboratories—the X-ray ap- 
alysis of biological mate vial, 
chemical problems of mole: ular 
structure, the mechanical prop- 
erties of metals, and work on 
radio-carbon dating. 
In addition to the Friday 
Evening Discourses whicl: are 
given between November and 
June each year and the Christ. 
mas Lectures for juveniles 
(Figure 4), a big program oj 
lectures for school children 
has recently been started by 
Sir Lawrence Bragg. The lec- 
ture theater is admirably 
equipped for demonstrations 
which cannot easily be shown 
in schools, and these lectures, 
which are given on funde- 
mental subjects such as elec- 
tricity or the properties oj 
matter, are all fully illus 
trated by experiments and 
Figure 4. Sir Frank Whittle’s Demonstration of a Small Liquid Fuel Burner During One of His Christmas demonstrations designed to 
Lectures, 1954-55, on the Story of Petroleum. (Reproduced by Permission of Shell Petroleum, Ltd.) impress facts firmly in young 
minds. This service to fu- 
late nineteenth century for new research needs. His ture scientists may well prove to be of great impor- 
great electromagnet and some of his laboratory glass- tance to the country, and the appeal of these lectures 
ware and chemical specimens are kept in this small, but is such that each has to be repeated three times, thus 
historic room. enabling nearly 2000 children to attend each lec- 
There is much of interest to all who care for science ture. 
in this famous old place. But the Institution today, The Royal Institution stands for the promotion of 
although very conscious and proud of its great tradi- science. By their labors such men as Davy and Fara- 
tions, is still looking to the future. Under the direction day achieved mighty things. Today, in a changed 
of Sir Lawrence Bragg, an able and enthusiastic team of world, the Institution is striving toward the same ob- 
research workers are studying numerous problems in the jective which Count Rumford set in 1799. 


DEPARTMENT OF LET’S-GET-THINGS-STRAIGHT 


In our November editorial we quoted from Chemical News, published by the Manufacturing 
Chemists’ Association, Inc. We stated that the United States Office of Education reported, ‘In 
1950 there were 136,000 science teachers. There are now 75,000.’’ 

We find the following letter printed in a later issue of Chemical News which refers to the 
statistics we quoted: 


“This statment was not made by the Office of Education but rather was made by 
a science writer of the New York Herald Tribune. The statement was inferred from other 
data cited by me in a recent talk. 

The statement is grossly in error. So far as I am aware, there are no data on the 
number of science teachers in 1950. Certainly it was not the number cited in the 
statement and was most likely below the presently estimated figure of 75,000.” 


8. Osourn, Specialist for Science 
Department of Health, Education and Welfare 


The editor regrets his contribution to the spreading of misinformation and hopes that readers 
will turn to page 523 and make a note of page 610. 
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A PUNCHED CARD PERPETUAL CALENDAR 


F's: from the realm of the usual applications of punched 
cards in science, business, and industry is the punched 
card perpetual calendar. Frivolous by its nature, it 
nevertheless exemplifies the techniques of punched cards, 
and a person unfamiliar with punched cards might well 
be introduced to a helpful instrument via this novelty. 

Constructed from only thirty-five 98-hole (minimum) 
single row edge punched cards, the punched card 
perpetual calendar can be a handy desk companion; 
or if made from larger cards, it can be a useful wall 
calendar. Figure 1 illustrates the basic card required. 

The cards may be of any size or shape, and cards hav- 
ing more than 98 holes may be employed, for the excess 
of holes above this number will remain unused. The 
ecards are numbered consecutively, and upon the face 
of each is placed one of the twenty-eight possible month- 
types (there are seven 28-day months, seven 29-day 
months, seven 30-day months, and seven 31-day 
months). Duplicate cards are prepared for each of the 
seven 31-day month-types. The cards are then coded, 
by means of notching, according to the scheme of 
Table 1. With the aid of Table 2, the cards are ready 
for use. 


TABLE 1 


CODING SUMMARY 
tiOLES TO BE EXPOSED TO THE EDGE 


LENGTH 


THE MONTH 
IN THE YEAR-TYPE 

SELECTOR SECTION == TOR _SECTIO 
N 


c 
ECDEFG 
A GD FGHIJKLUMNS 
c F 
ABCDEFGHI KL 
K 
ABC EF 
E 
BCDEFGHIJK KW 
B 
ABCDE GH JKEKLEWN 
AB DEFGHIJKLE 


A 
A 
A 
A 
A 
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vec O 


B58 


ESEGE 


JM 
39 


00000000 
38985333 


° 


TOR 


HK 
N 


0000000 
PEEL 


° 
920 
© AON 
190 
58 
ooo 


In Table 2, each year is assigned a year-type letter. 
Years beyond the upper limit of the table may be 
brought into range by subtracting from them a whole 
number multiple of 400 (2356 is equivalent to 1956; 
3098 is equivalent to 1898). It is to be pointed out that 
the perpetuity of the calendar is valid only for the 
period from September 14, 1752 (the date of the in- 
ception of the Gregorian calendar in the United States) 
to the year a.p. 4000. This lack of perpetuity is not 


TABLE 2 
YEAR - TYPES 


0123456789 

AFNHMDLF 
BJDI BGL 
NEJD HBJ {197 
FNHM FEB 4198 
DINH LFN 
BJDI BGL 
NEJD HBJ 
FNEHM FEB 
DINH LFN 
JDLC JAF 
HMDL BJD 
NHBG NEJ 
LCHB FNH 
DLFE DIN 
BGLF JDL 
NHBG NEJ 
LCHB FNH 
DLFK DIN 
BGLF JDL INHB 
HBJA HMD , GLFNEJDLCH 
BJ 
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ABCDEFGHIJKLMN 
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Figure 1. The Basic Card : 
NUMBER) 
— 
1 | 30 at = |SEPT APR | JUNE } 
Bc f£ 35 JUNE |APR SEPT |NOV 
3 | 3% | 3 DE ou 3k SEPT Nov APR [JUNE 
4 | cD DE G J Li |Nov |aPR JUNE SEPT 175 
5 | 3% | D FG I3 Lk SEPT | NOV APR 176 
6 | cD FG NISEPT OV |APR 
7 | x | PR JUNE SEPT 177 
8} t |may |suty AuG 178 
9} Jay : 
lo | 32 | Ly suty}auc joct |pec 179 
Jax JAN 
zion | 3 |pec joct |xaR |maY |JULY 180 
13 31 | Jan Jax 181 
n | R | JULY | MAY AUG jocT |DEC 
| JAN JAR 182 
| OcT |AUG |DEC /HAR |MAY |JULY 183 
JAN 
1 Jay 185 
3 |AUG oct |DEC |MAR |MAY q : 
a} JAN 186 : 
=| 2 x FEB 
23 5 | FEB 187 
a | 29 A FEB 188 
| 2 I FEB 
=| | om FEB 189 
7 K FEE 190 
2 E FEB 
a | 2 FEB 191 ‘ 
J FED 192 
R | 2 D FEB 4: 
28 F FEB 
28 x 194 
35 28 H FED 
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inherent in the cards, but rather it lies in the mathe- 
matics of the calendar system. With an appropriate 
expansion of Table 2, for all practical purposes un- 
necessary, the calendar can be made perpetual in every 
sense of the word. 

To select from the thirty-five cards the calendars of 
the twelve months of any desired year: In the year-type 
selector section, pass the sorting needle thru the hole 
designated by the year-type letter of the desired year. 
The cards which drop when the needle is lifted are those 


desired. Toselect from these twelve cards the calendar 
of any particular month: Jn that month selector sectiim 
whose designating pair of letters contains the year-type 
letter of the desired year, pass the sorting needle through 
the hole specified by the month desired. As before, ‘he 
card which drops when the needle is lifted is the desired 
calendar. 

The adaptation of the common calendar to punched 
cards is but one more example of the versatility of 
punched cards. 


THE SOLUBILITY PRODUCT CONSTANT FOR 
COPPER IODATE: AN EXPERIMENT 


Eiarty in a course in qualitative analysis the student 
becomes acquainted with the theoretical principles of 
chemical equilibrium. In the laboratory work for this 
course one works withthe applications of chemical 
equilibrium via the solubility product, instability, ioni- 
zation, and hydrolysis constants. Of these constants 
perhaps the solubility product is the most important, 
and an experimental determination of this constant is 
desirable. 

The solubility of an ionic compound is usually so large 
as to make the solubility product constant meaningless, 
or, so small as to require special techniques for its 
measurement. Copper iodate is a salt of moderate 
solubility, and a titrimetric analysis of an aliquot por- 
tion of a saturated solution of this salt provides the data 
necessary for the calculation of the solubility product. 
Advantage is taken of the reaction between copper io- 
date and iodide ions in acid solution with an accompany- 
ing titration of the liberated iodine with a thiosulfate 
solution. The ionic equations for these reactions are. 


Cu(IO3)2 Cu*+* + 2103~ 
Cutt + 2103;— + 12I- + 12H+ — Cul + 131° + 6H,0 
21° + — 2I1- + 


The copper iodate is prepared from reagent grade 
chemicals. Twenty-five grams of CuSQ,-5H,O and 
42 g. of KIO; are dissolved in 200 ml. of water, and these 
solutions are added slowly with constant stirring to 1 1. of 
water. The precipitate is filtered, washed with water, 
and air dried. The yield will be about 40 g. Since an 
excess of the KIO; is difficult to remove by washing, 
it is recommended that the CuSO.-5H:0 be in slight 
excess. 

An approximately 0.1 N Na2S.O; solution is provided. 
The student standardizes this solution against a portion 
of a 0.1000 N KIO; solution, also provided, using direc- 
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tions obtained from a quantitative analysis textbook. 
A starch indicator solution, reagent grade potassium 
iodide, and a 2 M acetic acid solution are also provided. 
Distilled water is used for all solutions. 

Approximately 1 g. of Cu(IQs3)2 is placed in 100 ml. of 
water, warmed for a short time, then allowed to cool 
slowly to room temperature. This solution is filtered, 
and 25.0-ml. portions of the filtrate are removed for 
analysis. To each portion is added 1 g. of KI. After 
several minutes 10 ml. of the acetic acid solution are 
added, and the solution is titrated with the thiosulfate 
solution to the point where most of the iodine color has 
disappeared. The starch indicator solution is then 
added, and the titration is continued until the blue 
color has disappeared. 


Calculations 
Ksp of Cu(IO3)2 = (Cu++)(IO;~)? 


If Z = concentration of Cu*+* in number of gram-ions per liter, 
then 


of Cu(IO,)2 = (Z)(2Z)* = 423 


Z = (normality of NasS.03)(ml. of wt. 
of Cu) (40)/atomiec wt. of Cu 


For a sample calculation: 


Z = (0.1041 )(13.2)(0.06354/13 )(40) /63.54 
= (0.1041 )(13.2)(0.001 )(40)/13 


Therefore, 
Ksy of Cu(TOs)2 = 4[(0.1041)(13.2)(0.001)(40)/13 
= 3.0 X 107 


This value agrees quite well with the value, -.0 x 
10-7, calculated from solubility data given by Scidell.' 


1 Serpe.u, A., “Solubilities of Inorganic and Metal Organie 
Compounds,” 3rd ed., D. Van Nostrand Co., Inc., New York, 
1940, Vol. 1, p. 491. 
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« TALL OIL AND TERPENE DERIVATIVES 


Taw OIL, & natural mixture of rosin acids related to 
abietic acid, fatty acids related to oleic acid, and non- 
acidic bodies, is the product of the acidification of the 
skimmings from the black liquor of the alkaline paper 
industry. Thus, tall oil comes from the heart of the pine 
tree. It isa byproduct of the southern kraft pulp mills. 
The first plant for the recovery of the waste product 
probably was that designed by the Swedish around 1902. 
They called the product Tallolja (oil of pine). The Ger- 
mans translated the word to Talloel, or “Oil of Pine’”’ 
in English. In 1943, the U. 8. War Production Board 
named it “Tall Oil’ to eliminate confusion with pine oil. 

Today, tall oil is of increasing interest in many 
industries varying from cement to the washing of citrus 
fruit. Users of tall oil seem to be converting from use 
of the crude, which is crystalline and dark in color, 
to the more highly refined fractions, which are lighter in 
color, nonerystallizing, and relatively odor-free. The 
refined fractions are obtained either by distillation or 
fractionation. Examples of refined fractions are 
Acintol' FA-1 and Acintol FA-2 Fatty Acids, which 
consist roughly of an equal part of oleic and linoleic 
acid, and a small percentage of rosin and saturated 
acids, like palmitic acid. Students, researchers, depart- 
ment heads in chemistry, chemical engineering, and 
mining engineering, as well as consultants, and indus- 
trial testing laboratories all should find these tall oil 
derivatives of interest, as they are the most inexpensive 
source of organic acids available today. 


CHEMISTRY OF TALL OIL FATTY ACIDS 
The formulas for the basic components are as follows: 


Linoleic acid: 

Linoleic 
conjugated: 

Oleic acid: 

Palmitic acid: CH;( CH, )«COOH 


The rosin acids in the distilled and fractionated tall 
oils are analogous to those found in natural wood and 
gum rosin. A higher percentage of the abietic acid 
isomer is present, and it is in equilibrium with neo- 
abietic acid, another rosin isomer: 


CH; COOH CH; COOH 


Abietic acid Neoabietic acid 


The carboxyl group on the rosin as well as on the fatty 
acids is the reactive group for many of the reactions. 

A very important reaction is the condensation of the 
rosin id portion of the mixture with maleic anhydride. 


‘Registered trademark, Arizona Chemical Company. 
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However, when the tall oil derivative is heated, the 
abietic and neoabietic acids isomerize into levo- 
pirmaric acid, which quickly reacts with the maleic 
anhydride. 


CH; COOH CH; COOH 


Maleic CH; 
anhydride 


Rosin maleic anhydride adduct 


Acintol D Distilled Tall Oil contains a ratio of 
approximately two parts of fatty acids to one of 
rosin acids. (These rosin acids are present in the liquid 
state.) There is also the pitch-like product, Acinol P 
Tall Oil Pitch, which is rich in 8-sitosterol. 


CH; 
CH; | 
2Hs 
| 
8-Sitosterol 


B-Sitosterol has been used as an intermediate in the 
manufacture of feed supplements for cattle and sheep, 
and in the treatment of arteriosclerosis. 


USES OF THE TALL OIL FATTY ACIDS 


In keeping in stature with its name, tall oil now ranks 
third only to linseed and soya bean oil in use in the 
protective coatings industry. The biggest uses of 
these tall oil fatty acids are for the preparation of alkyd 
resins. (An alkyd is a condensation product syn- 
thesized by reacting polyhydric alcohol such as glycerol 
and the glycols with dibasic organic acids such as 
phthalic, maleic, succinic, sebacic, and carbic.) These 
condensation products are almost always modified to 
give some property necessary to the protective coating. 


( | 
VAIN AN 
CH; | CH, 
al | 
< 
Abietic acid 
O CH; COOH 
) 
‘ 
| CH, 
613 


The modifying agent may be a drying, a semidrying, or 
nondrying oil, a tall oil fatty acid, tall oil rosin, a syn- 
thetic resin of the phenol formaldehyde group, urea- 
formaldehyde resins, and other substances. The tall oil 
alkyds, for example, give better white retention (less 
of the yellowing type of oxidation) as compared to 
linseed or soya, because of the absence of linolenic 
acid. 

Another use of tall oil fatty acids is in the preparation 
of esters (the reaction of an acid material with a poly- 
hydric alcohol such as pentaerythritol; or, a resinous 
alcohol like an epoxy to give the corresponding ester). 

Tall oil now fits into forty-one different industries. 
Some examples are as follows: 


Cement: As an air entraining agent. 

Citrus fruit washing: The purpose of washing the fruit is to 
get rid of dirt, bug juice, smog, and scale. 

Flotation: Generally speaking, the finely ground mineral sus- 
pended in water is treated with small amounts of tall oil plus a 
frothing agent. The tall oil selectively reacts with those par- 
ticles which are basic in nature, thereby forming a monomolecular 
film and changing the wettability of these particular particles. 
The particles thus are carried into the froth and floated away; 
the nonreactive particles are removed from the bottom of the 
flotation cell. 

Rubber: In the production of soaps used to emulsify and cause 
foaming in latex sponge compounds; as an emulsifier in oil- 
extended rubber; in reclaiming; in the production of butyl am- 
monium tallate, used as an activator in rubber compounding. 

Soaps: Cleaning compounds; degreasing agents; disinfectants; 
emulsions; metallic soaps; oil well drilling compounds; sul- 
fonation. 

Synthetic organic detergents: Ethylene oxide type conden- 
sates. 


TERPENE DERIVATIVES 


Terpene products also are derived from the sulfate 
process of paper pulp production. Wood chips are 
digested with sodium hydroxide and sodium sulfide, in 
order to dissolve the cementing material and reduce 
the wood to its basic fiber content. The steam that 
passes off from the digesters is condensed to yield crude 
sulfate turpentine. Further refinement gives Acintene! 
A a-Pinene, Acintene B B-Pinene, and Acintene P Re- 
fined Sulfate Wood Turpentine. 


B-Pinene 


a-Pinene is used as a solvent in paste and wax 
polishes and as an intermediate for a host of chemical 
products. It can be converted easily to terpin hydrate 
and subsequently to synthetic pine oil, terpineols, 
camphene, and synthetic camphor. 


The U.S. Department of Agriculture has conducted 
some promising experiments with a-pinene. One re- 
action investigated is as follows: 


CH,-C-CH, | 


H 


a-Pinene Pinonic acid 


COOH 


COOH 


NaHClO,; _CH, | 


H.C CH, 


H 
Pinic acid 
The corresponding esters of these acids have shown 
considerable promise as jet lubricants. 
Another new product is pinane hydroperoxide. 


| \OOH 


IN Hydrogen | 


Oxygen 
[\\ 


| 


a-Pinene Pinane Pinane hydroperoxide 


Pinane hydroperoxide is reported to be a promising 
catalyst for the production of GRS rubbers. 

B-Pinene can be converted readily to a-pinene, but 
the reverse reaction is not feasible. 8-Pinene oflers 
several advantages over the alpha form, namely 
greater and purer yields of certain products that cannot 
be made from a-pinene. The beta form can be poly- 
merized to a hydrocarbon resin of relatively high melting 
point. 

Refined sulfate wood turpentine is generally used as 
a solvent for paint, waxes, automobile polish, shoe 
polish, floor polish, and stains for wood. Even some 
insecticides contain turpentine because of its insect- 
killing abilities. 

As the amount of bleached and unbleached sulfate 
pulp is increasing each year, it has been predicted that 
by 1960 industry will produce about 1,440,000,000 
pounds of tall oil annually. The tall oil derivatives 
should, therefore, continue to be the most inexpensive 
source of organic acids and relatively stable in price. 
The future for tall oil, its distillations, and frac! iona- 
tions, and for its companion terpene products, appears 
intriguing indeed. 
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FINANCIAL SUPPORT FOR CHEMISTRY 
GRADUATE STUDENTS: 


Tue National Science Foundation? has recently pub- 
lished the result of its survey on federal aid to students 
at the college and university levels, for the year 1954. 
The purpose of this paper is to present supplementary 
data concerning chemistry students in the school year 
1956-57 and certain conclusions regarding support of 
graduate students based upon these data. 


THE SAMPLE 


A questionnaire was submitted to the department 
heads of the 98 chemistry departments listed by the 
A.CS.* No mailing was made to the departments of 
chemical engineering nor to the departments granting 
only a master’s degree. 

The questionnaire form was prepared on a self- 
addressed postcard in order to encourage a higher per- 
centage of returns. Six questions were asked: (1) 
Name of school; (2) number of graduate students; (3) 
number of teaching assistants; (4) number of research 
assistants and fellowships; (5) number of government 
supported assistants and fellows; and (6) estimate of 
additional teaching assistants that could be used in 
fall, 1956. A brief letter was enclosed to indicate that 
the survey was related to government aid to graduate 
students. The letter also indicated that item (5) was 
to show the total number of graduate research assistants 
who depended on some government agency, i.e., 
NS.F., A.E.C., ete., for their financial aid. 

Replies were obtained from 76 schools, evenly dis- 
tributed among public and private institutions of all 
size enrollments. This unusually high return (78%) 
indicates the concern of graduate chemistry depart- 
ments in the financial support of graduate students and 
the government’s role therein. 

The 1954 N.S.F. study indicated that whereas many 
undergraduates received support from the federal gov- 
ernment by way of veterans’ benefits (PL346, PL550 
and PL63A for children of casualties), only a small 
percentage of support of graduate students came from 
this source. Assuming that this situation still exists, 
the present questionnaire also omitted any reference to 
veterans’ benefits. 

The N.S.F. study indicated that a total of 1370 
chemistry students received federal aid in the form of 
research assistantships and fellowships. It also indi- 
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cated that 18.6% of all graduate students in the phys- 
ical sciences (excluding engineering) received govern- 
ment assistantships and fellowships. When all grad- 
uate students in all fields are considered, the percentage 
drops to 3.7%, indicating that this form of aid is pri- 
marily given to the physical sciences (excluding en- 
gineering). 


RESULTS OF THE SURVEY 


The replies to the questionnaire are summarized as 
follows: 


Total number of graduate students in chemistry... 5211 
Total number of teaching assistants 
Total number of research assistants and fellows. . . 
Total number of government-supported research 
assistants and fellows 
Estimate of additional teaching assistants that 
could be used in fall, 1956 


If the total number in item 4 is extrapolated to include 
98 schools, it is found that there would be a total of 
1250 government-supported assistants and fellows. 
Addition of the number of such fellows and assistants 
at other schools not included in the survey would give 
a figure comparable to the 1370 found by the N.S.F. 
study. That is, the total number of government as- 
sistants and fellows has not substantially changed in 
the two-year period from 1954 to 1956. The figures 
given above also indicate that 18.5% of all graduate 
students receive federal aid (excluding veterans’ bene- 
fits). This figure, too, is the same as the 18.6% found 
for physical science students in 1954. If one assumes 
that chemistry is not very different from the other 
fields of physical science, then again the conclusion is 
that the amount of government support has not been 
changed. In addition to federal aid, 18.6% received 
other research assistantships and fellowships, and 
42.4% received teaching assistantships. The remain- 
ing 20% are apparently without financial support. 


PROBLEMS AND CONCLUSIONS 


The N.S.F. survey has suggested two problems that 
might be incurred in the future. First is the cessation 
of veterans’ benefits. As pointed out in that survey, 
this problem would relate mainly to undergraduate 
science enrollment. The primary use of these funds in 
graduate school has been outside the sciences. The 
second major problem discussed is the possibility of a 
change in functional orientation of federal government 
support which in turn would affect the financial assist- 
ance to science students. Chemical and Engineering 
News‘ in reviewing the N.S.F. survey has stated this 
second problem in stronger language. ‘A marked de- 


4 Chemical and Engineering News, 34, 4872 (1956). 
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crease in government support of research in universities 
could have serious effects on the number of scientists 
that could complete their graduate training.’”’ The 
results of the present survey indicate that there has 
been no decrease in government aid in the two year 
period 1954-1956. The problem of decreased aid is 
still a possibility in the future. Continuance of the 
support at the present level would mean lower per- 
centages with the advent of increased enrollment. 

The present study indicates that 5% of the present 
enrollment could be accommodated by additional teach- 
ing assistantships. That is to say that some of the 
problems in financial support could be alleviated by 
increased monies from the appropriate administrations. 
It is inevitable that some increases will have to be made 
as undergraduate enrollments increase. Another view 
of these needs is that 27% of the government assistants 
could be given financial support in the form of teaching 
assistantships. This figure should not be interpreted 
to mean that the present federal aid is in excess but 
rather that some other financial aid could be given to 
graduate students in the future instead of the corre- 
sponding increase in federal aid. 

A recent symposium has discussed the value of the 


teaching assistantships in the graduate progr: m., 
Martin® has discussed the value of the teaching assist- 
antship experience for the student. In order for more 
students to receive these benefits of the teaching ex- 
perience, administrations should allot additional fuids 
for teaching assistantships. The present survey has 
indicated that there is an immediate need for such an 
allotment. Perhaps it is best to award government :nd 
industrial fellowships only to advanced students while 
the first-year students are given only teaching assist ::nt- 
ships. The typical first-year student then gains the 
benefits of teaching experience and a unified review of 
his basic chemistry, and the plan allows him to be bet- 
ter prepared to choose a research project. 

This study indicates that non-government rese:rch 
grants are about equal to the government grants. It is 
obvious that an increase in teaching assistantships wil! 
not suffice to serve all the additional students who wil 
enter in the years of increased enrollment. Part of 
this load should be offset by an additional number of 
research grants from non-government sources. 

5 Martin, F. C., “Abstracts of 129th Annual Meeting of the 
American Chemical Society,’ Dallas, 1956, p. 14F. 


A sIMPLe, easily constructed, 
and rugged stirrer has been de- 
signed for use in our labora- 
tory. It combines the ad- 
vantages of the Hershberg 
stirrer and the paddle blade 
stirrer in that it gives efficient 
stirring of viscous material 
while at the same time it 
scrapes the sides of the flask. 
The stirrer head can be dis- 
connected and left in the flask 
while the shaft and stirrer seal 
can be removed and replaced 
with a stopper or other ap- 
paratus for subsequent operations. 

The stirrer blades are cut with a sharp knife or razor 
blade from '/;-in. Teflon sheet in the shape of segments 
of a circle. A paper model which can be used as a tem- 
plate for the blades aids in getting a proper fit for a 
given size flask. The pivot holes are drilled at the posi- 
tions shown in the diagram and the blades, joined to- 
gether with boits, rivets, or cotter pins, using washers to 
protect the Teflon blades. A '/,-in. stainless steel shaft 


Top View 
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of a convenient length is jointed using fairly loose right- 
or left-hand threads depending on the stirring motor. 
The blades are then fastened to the shaft with a washer 
and a machine screw. 

For operation of the stirrer the blades are aligned 
along the shaft and are inserted through the neck of the 
flask. On touching the bottom of the flask the blades 
pivot to the proper stirring position. The shaft can be 
sealed at the neck of the flask with one of the conven- 
tional stirrer seals. At the end of the stirring period the 
shaft and seal are removed from the flask by first rais- 
ing the shaft until the blades of the stirrer are forced 
against the top of the flask, then unscrewing the shaft 
from the blade assembly which falls back into the flask; 
the shaft and stirrer seal then can be removed :id re 
placed with a stopper or other apparatus. At tlie end 


. of the reaction the blade assembly is removed from the 


flask with forceps. 

We have used this stirrer with viscous, air- ani mois- 
ture-sensitive mixtures of powdered metal and liquid 
with excellent results. When the shaft and stirr:r seal 
were removed, very little decomposition due to :.ccess 
to moist air occurred. 
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NUCLEAR MAGNETIC RESONANCE’ 


Tue discovery of the phenomenon of nuclear magnetic 
resonance some 10 years ago has helped to provide 
another avenue across the boundary between physics 
and chemistry. The boundary between these two fields, 
if any, has always been difficult to define and distinguish. 
The occurrence and use of the technique of magnetic 
resonance have served to make the physicist aware of 
the chemical environment in which an atomic nucleus 
finds itself as well as to make the chemist aware of the 
physical conditions affecting chemical binding and 
reaction. New types of chemists are being produced to 
explore this and other such fruitful fields. Requisites 
for work in this field, besides a thorough knowledge of 
chemical principles, are an understanding of and an 
appreciation for quantum mechanics and a good back- 
ground in both the theoretical and practical aspects 
of the design and application of electronic apparatus. 
The field of magnetic resonance in general and nuclear 
magnetic resonance in particular is still a rapidly 
expanding one. Because of the excellent books and 
review articles that now exist covering the field of 
nuclear magnetic resonance (1, 2, 3), no attempt will 
be made here to present more than a simplified explana- 
tion of the phenomenon (1). A discussion of the many 
applications of this new technique to various fields of 
chemistry and of physics is given below. 


THE NUCLEUS IN A MAGNETIC FIELD 


Nuclear magnetic resonance (NMR) is a branch of 
that part of spectroscopy that occurs in the radio- 
frequency region. There are many similarities be- 
tween radio-frequency spectroscopy and the more 
common form of spectroscopy, optical spectroscopy. 
Almost everyone is familar with conventional optical 
spectroscopy where radiation (in this case, light waves) 
is transmitted through a sample of matter and note is 
taken of those frequencies or colors which are absorbed 
or emitted. Emission spectroscopy also occurs under 
some conditions in the radio-frequency region. Several 
phenomena may cause absorption of energy in the 
radio-frequency or microwave region. Two other 
techniques phenomenologically related to NMR are 
electronic paramagnetic resonance and nuclear quad- 
ruple resonance. The fact that an atomic nucleus can 
absorb or emit energy in the radio-frequency region can 


1 This paper presents the results of one phase of research car- 
ried out at the Jet Propulsion Laboratory, California Institute of 
Technology, under Contract No. DA-04-495-Ord 18, sponsored 
by the Department of the Army Ordnance Corps. External 
Publication No. 379. 
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be explained in terms of classical mechanics. Hov- 
ever, the accurate explanation for NMR absorption 
comes only from quantum mechanics which does not 
allow us to inquire about a mechanism that satisfies 
our classical intuition but deals only in terms of 
quantum mechanical properties of the nucleus. 4 
sub-atomic particle, nucleus, atom, or molecule can 
exist in one of many energy states. In ordinary 
matter most nuclei exist in the lowest or ground- 
energy state. In the case of nuclei possessing an 
angular spin momentum, this ground state is actually 
degenerate, consisting of two or more energy levels 
that are indistinguishable from each other unless a 
magnetic field is present. A nuclear ground state is 
actually (27 + 1)-fold degenerate where J is the 
nuclear angular spin quantum number. Nuclei 
possessing an even atomic weight and an even number 
of protons have no angular spin. All other nuclei 
(as far as it is known) do possess an angular spin 
momentum. These have been tabulated in many 
places (4, 4). 

One of the most convenient nuclei, both for explana- 
tion and for experimental purposes is the isotope of 
hydrogen, mass 1. Hydrogen has a spin angular 
momentum of '/2, and, therefore, has two energy 
levels in the ground state when the degeneracy has been 
removed by a magnetic field. The nucleus can 
change from one energy level to the other by the ab- 
sorption or emission of a quantum of radiation of the 
proper frequency. The frequency of this radiation is 
related to the energy separation between the states by 
the Bohr frequency condition: EZ = hv, where LF is the 
energy difference separating the two levels between 
which the transition can occur, h is Planck’s constant, 
and » is the frequency of the emitted or absorbed 
quantum of radiation. Only radiation of a discrete 
frequency can be absorbed; this is determined by the 
energy difference between the nuclear levels. This 
energy difference is proportional to the magnetic 
field which has caused the degeneracy to be removed. 
The energy possessed by the nucleus because it is in 4 
magnetic field is the scalar product of the m:gneti¢ 
field strength into the nuclear magnetic moment 


E=-Hj (1) 


The magnitude of the nuclear magnetic nomen, 
|a|, may be described in terms of a nuclear ¢ factor 
times the nuclear magneton yu». The nuclear ¢ factor 
is unique for each atomic nucleus possessing sp!” 
angular momentum. The nuclear magneton (a measure 
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of nuclear magnetism analogous to the Bohr magneton 
for electrons), is defined by equation 2. 


ek 
(2) 
where e is the charge of the electron, h is h/2z, m is 
the mass of the proton, and c the velocity of light. 

By means of the above equations, the frequency of 
an absorbed (or emitted) photon can be related to a 
conibination of physical constants multiplied by the 
magnetic field acting on the nuclear magnetic moment, 
and by a quantity, g, which is an intrinsic property of 
the nucleus. 


e 


deme gH (3) 


v 


FACTORS AFFECTING NMR FREQUENCY 


By accurately measuring the frequency of absorbed 
radiation and the magnetic field enclosing the nuclei, 
the nuclear g factor can be determined. Conversely, 
since a large tabulation of nuclear g factors now exists, 
a sample of matter can be placed in a known magnetic 
field and the radio-frequency-absorption spectrum 
measured to identify many nuclear species. We thus 
see a possible use for this technique, that of analysis. 
As will be developed later, it is possible not only to 
identify nuclei, but in some cases to specify the neighbor 
nuclei and chemical binding present. This is possible 
because of several interactions that may take place. 
It was said that the magnetic field in equation (3) 
was that present at the absorbing nuclei. The magnetic 
field present at a nucleus is seldom exactly that which 
is impressed on the bulk sample of matter by an 
external magnet because of diamagnetic or paramag- 
netic shielding by the electron cloud surrounding the 
nucleus and because of the influence of nearby magnetic 
nuclei which themselves generate weak magnetic 
fields. Actually, considerable effort is involved to 
obtain precise nuclear g factors owing to corrections 
that must be applied to experimental results to remove 
these so-called chemical effects. 

Both absorption and emission occur when nuclei 
are irradiated with photons of the proper energy. 
In nuclear spin systems that are in thermal equilibrium 
with their surroundings, a few more nuclei are in the 
lower energy state than in the upper. Since the 
quantum mechanical transition probability for absorp- 
tion is the same as that for stimulated emission, the 
relative populations determine whether there is a net 
absorption or emission of energy. One can calculate 
the equilibrium populations of the nuclear energy 
levels using the Boltzmann distribution: for protons 
under conditions commonly found in the laboratory 
(room temperature, magnetic field of 5000 gauss), out 
of one million nuclei there are about three more in the 
lower state than the upper. This ratio can be im- 
prove by using lower temperatures or higher frequen- 
cies (and the corresponding higher magnetic fields). 

There is one other important consideration that 
should be mentioned in connection with equation (3). 
Equation (3) implies that with a fixed magnetic field, 
H, the absorption frequency is a singular and discrete 
absorption line. However, it is not possible to provide 
either a magnetic field that is completely homogeneous 
or obtain matter that changes the magnetic field in 
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exactly the same way at every nuclear position in a 
crystal lattice. For every value of the magnetic 
field present at.a nucleus, a corresponding absorption 
frequency will exist. The actual absorption that will 
occur in each small increment of frequency will be 
related to the fraction of nuclei of interest that find 
themselves in the corresponding magnetic field strength. 
The result of this is twofold. First, since some small 
spread or inhomogeneity of the magnetic field will 
exist, the absorption lines will have a corresponding 
width. It is possible now, by extreme care.in design 
and in the building of magnets and associated apparatus, 
to observe absorption lines that have a width as small 
as of one part in 10’ of the applied frequency of radia- 
tion. Second, some types of interactions result in the 
super-position of small local magnetic fields of only 
certain values (that do not average to zero) on the 
externally applied magnetic field. The effect of this is 
to apparently “split” the absorption line into two or 
more lines symmetrically placed around where the line 
would be expected if no splitting had occurred. 

The three phenomena which have been described 
are given these names: chemical shift (due to the 
shielding of the atomic electron cloud), broadening (due 
to magnetic inhomogeneities), and splitting. Each of 
these has significant chemical interpretation; the 
first and last are usually observed only in gases and 
liquids, whereas broadening is characteristic of 
spectra obtained from solids. Examples of these cases 
will be given below. 


OBSERVATION OF NUCLEAR MAGNETIC RESONANCE 


A brief description of one of the types of apparatus 
in common use will now be given. There are two 
fundamental types of apparatus in existence, one of 
which is called the technique of nuclear induction and 
which was developed by Bloch and co-workers at Stan- 
ford (6,7). The nuclear induction technique essentially 
uses the resonant nuclei to couple radio-frequency 
energy between two mutually perpendicular coils. 
A spectrometer based on this principle is presently 
being made commercially by Varian Associates in 
Palo Alto, California. The other type of apparatus 
is based on the actual absorption of radio-frequency 
energy from a resonant coil, and was developed by 
Purcell and co-workers at Harvard (8, 9). 

The Purcell apparatus is shown schematically in 
Figure 1. It consists of a large magnet to supply the 
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Figure 1. Nuclear Magnetic Resonance Spectrometer 


magnetic field in which the sample material is immersed. 
A radio-frequency source supplies energy to cause 
transitions to occur in the resonance nuclei. Since the 
amount of energy absorbed is very small, a radio- 
frequency bridge is used to separate the absorption 
signal from the steady carrier signal. The absorption 
signal is then detected and amplified. Even though 
a radio-frequency bridge is used to aid the detection of 
the signal, it is still too small to be detected by con- 
ventional methods. The technique of correlation 
detection is used in the following manner: a modulation 
coil is wrapped around one of the poles of the magnet 
and excited by an audio-frequency source. In this 
way a sinusoidal variation of the main field is produced 
which is small in amplitude compared to that field. 
The effect of this is to change the magnetic field in 
such a way that the proper field strength for absorption 
is passed through at an audio-frequency rate. The 
absorption signal is now a periodic signal instead of 
the steady signal that would be obtained in the absence 
of modulation. Often the absorption signal is of the 
same or smaller amplitude than the noise produced in 
the electronic circuits. By this technique, the ab- 
sorption signal is made to vary periodically (the 
noise is of a random nature). The lock-in detector 
shown in Figure 1 detects events that are correlated 
in frequency and phase with a reference signal. The 
reference signal is derived from the audio-frequency 
source that causes the modulation. 


Sometimes absorption lines are sufficiently intense 
and may be observed directly on an oscilloscope as 
suggested in Figure 1. The X axis for the signal 
suggested in Figure 1 represents the instantaneous 
value of the modulation that is superimposed on the 
main magnetic field. The Y axis represents absorption 
intensity. For small signal detection, the lock-in 
detector produces a derivative of the absorption 
signal with respect to the magnetic field. This is 
shown pictorially on the recorder in Figure 1. The 
apparatus is a fairly simple one and is in the realm of 
things that can be built in the laboratory of a small 
university. With exception of the magnet (which can 
be costly, depending on size, magnetic field and mag- 
netic homogeneity), most components are easily built or 
obtained. Complete description of this type of equip- 
ment can be obtained by referring to the original 
papers. 

A number of conditions need to be met to observe 
nuclear magnetic resonance absorption, and one that 
has not yet been mentioned is the strength of the radio- 
frequency field induced in the sample. Sufficient 
field needs to be present to induce transitions in large 
enough numbers to be detectable; however, if too 
much energy is present, transitions will be caused in 
such large numbers that thermal equilibrium will no 
longer exist and the sample is said to be saturated. 
The meaning of this is that the levels of the possible 
energy states now have equal populations. For 
absorption to occur there must be a larger number of 
spins in the lower state; when saturation exists, the 
absorption signal can no longer be observed. A 
method is thus provided for the measurement of 
relaxation times by the experimental determination of 
the time required to transfer energy to the lattice. 
The spin-lattice relaxation time is commonly designated 


T,, and experimental values range from about the 
order of a millisecond for nuclei in liquids to seveial 
hours for solids at low temperatures. 


USES OF NUCLEAR MAGNETIC RESONANCE 


We have thus seen several possible uses for the 
phenomenon of NMR. In the examples mentioned 
above, the first is the experimental measurement of 
nuclear g factors (and incidentally, the precise measue- 
ment of magnetic fields by means of nuclei whose 


Hp — H*(gauss) 


Figure 2. Infl of Magnetic Field Direc- 
tion on Splitting of Proton Line in Gypsum 


nuclear g factors are precisely known). The measure- 
ment of nuclear spin-lattice relaxation times is another 
possible use which is of importance to solid-state 
physics. Chemical analysis is possible; under some 
conditions individual isotopic species can be identi- 
fied. As will be described below, it is also possible 
to detect types of chemical binding and _ identify 
functional groups. Under some conditions, it is 
also possible to measure both reaction rates and 
exchange rates of molecules in solution. 

Crystal Structure of Solids. Another use is the 
study and determination of the crystal structure of 
solids. Studies of phase transitions in solids are 
also possible. Still another use is the detection of 
internal motions on a molecular scale which may 
occur in solid substances. This short list contains 
the major chemical uses for which NMR has supplied 
much useful information that has not been available 
from other sources. Some examples of these wil! now 
be given. 

One of the first crystalline solids to be examinid in 
detail by NMR, gypsum, yielded a striking exam))'e of 
a simple spin system that had an easily interpreted 
spectrum. Pake (/0) made an experimental »\udy 
of the mineral and was able to determine the dis‘ .:nce 
between the two water groups and their rel:tive 
angular orientation with a high degree of accuacy. 
It was experimentally observed that the NMI ab- 
sorption line for the protons in gypsum showed ='ruc- 
ture, which changed as the crystal was rotated ii the 
magnetic field as shown in Figure 2. Two conditions 
are necessary to observe structure in absorption |ines 
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from solids: the nuclei in the solid must be fixed in the 
lattice, and the interactions causing the splitting must 
be simple and few in number. 

The protons in gypsum occur in pairs, two pairs per 
unit cell. The separation of the protons within each 
pair is about 1.58 A., whereas the nearest protons in 
adj.cent water groups are about 2.8 A. away. The 
interaction causing the splitting is direct magnetic 
dipole-dipole coupling, which acts as the inverse third 
power of the separation and the cosine of the angle 
between a line joining the dipoles and the main mag- 
netic field vector. Because of the inverse third power 
relationship, the splitting is due to the influence of one 
proton in a water group on the other. The protons in 
other nearby water groups causes a broadening of the 
split absorption line. Since the two protons in each 
water group are not colinear, the splittings change in 
different ways as the crystal is rotated in the magnetic 
field as shown in Figure 2. 

Phase Transitions in Solids. The study of phase 
transitions in solids is often possible because of the 
way in which interactions between nuclear spins 
change as crystal structure changes. In general the 
absorption lines from solids defy rigorous analytical 
treatment if no significant structure is shown. How- 
ever, the width of the absorption line is quite sensitive 
to changes in the location of nearby magnetic nuclei, 
and when the width of the line changes suddenly as the 
temperature of the substance is changed, it can be 
inferred that something significant has happened to 
the placement of the atoms in a solid. This technique 
has been used by Alpert (/1) and others for the study 
of phase changes. A good example of this process is 
shown in Figure 3 where the width of the proton 
absorption line in solid H.S is shown as function of 
temperature. Several significant phase changes can 
be seen to occur before the solid melts and the line 
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Figure 3. Phase Transitions Indicated in H2S by Proton Line Width 
vs. Temperature 


becomes quite narrow owing to the motion of the 
molecules, 

Mol:cular Motion in Solids. This leads us to the 
last-ni-ntioned phenomenon of interest in solids, that 
of lin’ narrowing because of internal motion involving 
Magnetic nuclei. Sometimes the onset of molecuiar 
Motio: in a solid is sudden enough to be detectable by 
meastirements of the specific heat of solids. A dis- 
continuity in the specific heat of a solid can be 
attributed to other causes, and NMR has been quite 
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useful for confirming cases of true molecular rotation. 
The onset of free rotation of some of the molecules 
in a solid could be gradual, in which case no discontinuity 
would be seen in heat capacity measurements. 

Free rotation of the ammonium ion in crystalline 
ammonium chloride was found by Gutowsky and 
Pake (12) who studied this effect in several solids. 
They also provided much of the groundwork for the 
understanding and analysis of the absorption lines 
observed when motion narrowing is encountered. 
Both free rotation and quantum-mechanical “tunneling” 
(the discontinuous rotation of a molecule through a 
potential barrier high enough to prevent classical 
movement) can be observed by a large decrease in 
the line width from that normally found in solids. 


INTERPRETATION OF CHEMICAL SHIFTS 


The first chemical shifts were noted by Knight (/3), 
Dickinson (1/4), and Proctor and Yu (15) who noticed 
small but significant frequency variations when 
observing resonance of both N'™ and F'* nuclei in 
different molecular environments in the liquid state. 
Chemical shifts were also noted by the Stanford 
Group (/6) while studying the proton resonance of 
ethyl alcohol. Instead of recording just one ab- 
sorption line for the proton resonance in ethyl! alcohol, 
three lines were observed. The integrated intensity 
of an absorption line is a measure of the number of 
nuclei responsible for the absorption. The integrated 
intensity ratios for the three lines found in ethyl 
alcohol were 3:2:1 which was quite suggestive when 
the structural formula for ethy! aleohol was considered. 
It was later conclusively demonstrated that indeed 
the three absorption lines were due to absorption by 
the methyl, the methylene, and the hydroxy] protons 
in ethyl alcohol. It had been well known that such 
effects should be expected, and many had made at- 
tempts to calculate them, but no experimental measure 
or verification existed before. Investigators such as 
Ramsey at Harvard had been precisely measuring 
the absolute values of nuclear magnetic moments 
by molecular beam techniques for some time. How- 
ever, lack of knowledge of the exact magnitudes of 
chemical shifts had prevented correlation between 
the molecular beam experiments and bulk matter. 

Chemical shifts are observed not only for hydrogen 
nuclei but for many others, the second most important 
being fluorine 19. Observations of various chemical 
shifts for different functional groups are constantly 
growing due to the large number of workers in this field 
at the present. No major compilation of these appears 
in the literature as yet. The American Petroleum 
Institute Research Project 44 is studying schemes for 
classification of NMR spectra, but no recommendations 
have been issued to date. A fruitful-looking relation- 
ship between the chemical shifts and the Pauling scale 
of electronegativity has been made by Shoolery (/7). 
One distinguishing feature of chemical shifts is that they 
are proportional to the value of the magnetic field 
applied to the sample and are generally of a few parts 
per million in magnitude. 

Considerable use has been made of chemical shifts to 
determine functional groups that actually exist in 
organic molecules. One example of this is to find out 
whether or not hydrogen atoms bonded to oxygen 
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atoms are a keto or enol form (/8). Gutowsky at the 
University of Illinois was largely responsible for showing 
the chemists that the study of chemical shifts is very 
useful. The study of chemical shifts is not confined 
to organic molecules alone but is also useful in inorganic 
chemistry. An important example of this is a study 
made of hydrogen ions in solution by Gutowsky where 
insight was gained into the nature of the H;,O* ion (19). 

The observation of chemical shifts depends upon 
several conditions. Chemical shifts are observed only 
in solution, since absorption lines from nuclei in solu- 
tion are sharp enough for the chemical shifts to be dis- 
tinguished. Requirements as to the absence of reactions 
and chemical exchange also exist. It is necessary for the 
nucleus under observation to be associated with the mol- 
ecule or functional group for a sufficient period of timefor 
the shift to be observed. The nucleus must be in a 
particular environment for a length of time sufficient 
for the nature of the surroundings to be communicated 
to the nucleus. The chemical shifts are caused by a 
small disturbing of the energy levels of the nucleus. 
A disturbance of the energy level implies. an uncer- 
tainty in energy of the level. Reference can be made 
to the Heisenberg uncertainty principle in the form 
AEAt = h which means that the uncertainty in energy 
multiplied by the uncertainty in time is the order of 
Planck’s constant. The smaller the energy uncer- 
tainty or chemical shift that must be measured, the 
longer is the period of time required to determine this 
uncertainty. The observation of a chemical shift is, 
therefore, a guarantee of the stability of a functional 
group under the set of circumstances surrounding the 
measurements. The uncertainty relationship just 
given is important also to other influences on the 
absorption line shape and structure. Similar state- 
ments can be made in connection with both splittings 
and line narrowing due to internal motion in solids. 

Shifts in the resonance line also arise from other 
causes. One such cause is the effect of the bulk sus- 
ceptibility of the sample itself: the magnetic field inside 
the sample may be somewhat different than the mag- 
netic field applied externally. Shifts also occur for 
resonance lines observed in metals due to the effect of 
the conduction electrons present in the metallic sample. 
The existence of the latter shift was found by Knight 
at the University of California in Berkeley and has been 
named the Knight shift. Still other shift mechanisms 
exist but have not yet been explained. 


INTERPRETATION OF SPLITTING 


The effect termed ‘‘splitting’”’ above is often found in 
conjunction with chemically shifted lines and is best 
discussed at this point. The splitting of an absorption 
line into two or more fine-structure components is due 
to the influence of the magnetic moment of the nucleus 
in a neighboring atom. This effect is a second-order 
one, the magnetic interaction being transmitted through 
the electron cloud common to both atoms. The 
separation between the fine-structure components of 
the absorption line is independent of the value of the 
external magnetic field and of the orientation between 
the two nuclei and the external magnetic field. Split- 
ting may be caused by nuclei in neighboring functional 
groups even though they are not directly adjacent to the 
nucleus being observed. 


An absorption line may be split by any nucleus havi ¢ 
a magnetic moment, including nuclei of the sare 
species as under observation (provided that the nucle is 
of the same species is not chemically equivalent to tiie 
one responsible for the absorption line being observe). 
The number of fine-structure components in a spit 
absorption line is derived from the total angular s) in 
momentum of all of the chemically equivalent nuc ej 
in the neighboring group causing the splitting. The 
most classic and standard example of both chemival 
shifts and splitting is the ethyl alcohol molecule. It 
was found that when resolution was improved, fine 
structure was seen on some of the absorption lines from 
ethyl alcohol. The methyl peak was divided into three 
components which had integrated intensity ratios of 
1:2:1. This was explained (and later proved by 
another method) as the splitting of the methy] absorp- 
tion line by the methylene protons in the neighboring 
group. A methylene group contains two chemically 
equivalent protons. Each has spin '/2, resulting in a 
total spin of one or zero for the group. This spin 
system has three energy levels of statistical weights 
1:2:1. 

Splitting of the methylene absorption line for ethy! 
alcohol was also observed which consisted of four com- 
ponents of intensities 1:3:3:1. This is caused by the 
influence of the nearby methyl group. Quite recently 
splittings of the hydroxyl peak were observed, three 
components resulting from the interaction of the 
methylene protons (similar to the splitting of the 
methy! line). The hydroxyl proton has the further 
effect of splitting each of the four methylene com- 
ponents into a doublet. This splitting of the hy- 
droxyl line and the hydroxyl-caused splitting of 
the methylene line was not observed in the earlier in- 
vestigations because of chemical exchange reactions 
that were taking place between the hydroxyl proton 
and traces of acid present in the alcohol. Once the 
hydroxy] splitting had been observed, an estimate of 
the exchange rate between the acid and alcohol protons 
could be made from the magnitude of the splitting (/9). 

For precise observations of energy levels, a certain 
minimum time is required during which the spin system 
was not disturbed. Roughiy stated, the environment 
must be preserved for a time comparable to the recip- 


-rocal of the line width expressed as cycles per second. 


The hydroxy] splitting in ethyl alcohol is a few cycles, 
and therefore, the hydroxyl protons must remain un- 
perturbed (kept with the same molecule) for an appreci- 
able portion of a second. The exchange rate for this 
system is large, hence successful observation rested on 
reducing the concentration of acid to a very low value. 
In a similar manner, reaction and exchange rate~ of 
many chemical systems have been studied (2). 
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To the Editor: 

Bailar (J. Cuem. Epuc., 34, 334 (1957)) mentions a 
possible convention for associating his symbols for hexa- 
covalent complexes with specific configurations, but 
has found it too complicated to be useful. It may be of 
interest, however, to point out some simple properties 
that the symbols have when his convention is followed. 
The convention amounts to reading down the columns 
of the symbols, and placing the letters counterclockwise 
around the hexagonal diagram; so the symbol 


is associated with the structure 


An “interchange’’ operation on a symbol, by which is 
meant either the exchange of any two trans pairs, or the 
reversal of any one trans pair, forms the symbol of the 
mirror image of the structure. If the structure is op- 
tically active, any odd number of interchanges will 
yield » symbol representing its enantiomorph, and any 
even number will yield a symbol equivalent to the 
original. 

If the structure is not optically active, then it is its 
own mirror image and any number of interchanges will 
yield an equivalent symbol. Any symbol in which an 
obvious interchange does not change the structure, as 
for example 


clearly represents an optically inactive form. 
The symmetry may be less obvious with chelate 
structures, such as 


BA’ 
ef 


but if it can be shown that some odd number of inter- 
changes yields the same symbol, symmetry is estab- 
lished. The symbol given here may be converted in 
three steps: 

B’A B’A A'B 
(1) BA’, (2) A’B, (3) B’A 

ef ef ef 


to a symbol differing only in the assignment of primes, 
which is quite arbitrary. 
On the other hand, a symbol like 


may seem symmetrical, but it can be converted to an 
equivalent form only by an even number of inter- 
changes—for example, one must switch both ends of the 
ligands—so that its optical activity is not ruled out. 
But the symbol of a chelate with symmetrical triden- 
tate ligands, 

AA’ 

BB’ 

AA’ 
looking very much like the preceding one, is converted 
to its equivalent either by one interchange of the AA’ 
pairs, or alternatively by three reversals, showing that 
its structure is optically inactive. 

Bailar mentions an example of an unsymmetrical tri- 
dentate ligand, a-pyridyl-azo-o-phenol, and says in 
passing that for the complex formed when two mole- 
cules of this coordinate to a chromium(III) ion, six 
optically active pairs of structures are theoretically 
possible. Interchanges on the symbols for these “six 
pairs” reveal, however, that the structure represented 
by 


must have only one configuration, since three reversals 
will yield the original. It has other equivalent forms 
such as 

AA’ 

B'B 

CC’ 
This turns out to be an interesting example of a struc- 
ture which may be rotated into its mirror image, and 
hence is not optically active, even though it has no 
plane of symmetry. 


Srvuart A. MAYPER 


UNIVERSITY OF BRIDGEPORT 
Bripceport 4, CONNECTICUT - 


(Letters continued on page 626) 
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2. OCIATION 


O™“FICIAL BUSINESS 


NINETEENTH SUMMER CONFERENCE 


The Nineteenth Summer Conference of the New 
England Association of Chemistry Teachers was held 
August 19-24, 1957, at Colby College, Waterville, 
Maine, with Stanley C. Bunce, Rensselaer Polytechnic 
Institute, and Maurice M. Whitten, State Teachers 
College, Gorham, Maine, as co-chairmen. There were 
253 persons registered of whom 141 were members, 14 
speakers, 71 guests, and 27 children under 15 years of 
age; 60 of these were from areas outside of New Eng- 
land. Everyone agreed that the conference was one of 
the most successful in recent years. A great deal of this 
feeling, resulting in part from the outstanding program, 
was also generated by unexcelled facilities and surround- 
ings of Colby College for holding a conference of this 
magnitude. The new buildings on Mayflower Hill, 
the beauty of the campus, the exceptionally good food, 
the spacious quarters in the Keyes Science Building, 
and the fine fellowship of the members and guests all 
contributed their share to the intellectual stimulation. 

As has always been the basis of the NEACT Summer 
Conferences, subject matter topics were in the ascend- 
ancy over those concerned with teaching methods. 
The present conference was no exception. Alsoph H. 
Corwin of the Johns Hopkins University gave a bril- 
liantly illustrated lecture on “Colors of Life,” dealing 
with the important substances chlorophyll and hemo- 
globin and related compounds. Bruno Giletti of the 
Lamont Geological Observatory, in a paper on “Geo- 
chronometry,” gave a lucid discussion of the methods 
used to measure geologic time and some recent impor- 


tant results. Research methods in the development of 


new drugs were outlined by Frederick J. Pilgrim of the | 


Chas. Pfizer and Co. Herbert M. Clark of Rensselaer 
Polytechnic Institute, spoke on the “Role of Chemistry 
in the Development of Methods for Utilization of 
Nuclear Energy.”” The production and industrial uses 
of synthetic sapphires and rubies and the potential 
development of synthetic diamonds and cubic boron 
nitride were reviewed by Richard W. Kebler of the 
Linde Company’s Speedway Laboratories. The chem- 
istry of modern gasolines was presented by Charles N. 
Kimberlin, Jr.,! of the Esso Research Laboratories. 
Getting a little closer to the classroom, Arthur N. 
Wrigley of the Eastern Regional Research Laboratories. 
U. 8. Department of Agriculture, discussed the classifi- 
cation and chemistry of the elements in terms of 
electron configuration. Three symposia were arranged 
with principal speakers who also met with smaller 
groups for discussions in two separate sessions. The 
topics were, ‘Covalent and ionic bonding,” by Donald 
C. Gregg, University of Vermont; ‘Redox reactions and 
electrochemistry,” by John A. Timm, Simmons College; 
and “Periodic table,” by Arnold J. Currier, Lycoming 
College, and Laurence S. Foster, Ordnance Materials 
Research Office. 

Grant W. Smith, Pennsylvania State University, 
reported on the experiments on closed-circuit TV in 
progress at his school, particularly as used in teaching 
freshman chemistry. Sister Ernestine Marie, 8.C.H., 


1 J. Cuem. Epuc., 34, 568(1957). 
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Msgr. Ryan Memorial High School, Dorchester, 
Massachusetts, explained how she used the inductive 
method to teach chemistry, and Evans B. Reid, Colby 
College, reported on the training of students in prepara- 
tion for graduate work in chemistry. Arthur A. Burr, 
Rensselaer Polytechnic Institute, discussed modern 
trends in the training of metallurgists and metallurgical 
engineers. A century-long look at the development and 
vicissitudes of secondary school science was given by 
Sidney Rosen of Brandeis University which showed that 
maiiy of the problems facing today’s teachers had their 
earlier counterparts. Miles J. Martin, General Elec- 
tric Research Laboratory, showed the direction in which 
we have to proceed in an excellent summary of “In- 
dustrial Research and the Public Welfare.” 

Plant trips were arranged to the Keyes Fibre Com- 
pany, the C. F. Hathaway Co. (Hathaway shirts!), and 
tothe Scott Paper Company, allin Waterville. A picnic 
and bountiful clambake with lobsters and corn at the 
Colby College Adult Recreation Center, Belgrade 
Lakes, provided relaxation Wednesday afternoon. 
This was followed by summer theater parties. An 
excellent collection of scientific moving pictures filled 
chinks in the program. Norman Lafayette arranged 
some interesting exhibits, including the “Summary of 
Atomic Energy” from the Oak Ridge Institute of Nu- 
clear Studies. Special glass laboratory and demonstra- 
tion apparatus was provided by Ernest Kline of the 
University of Connecticut. A display of teaching 
materials on steel] making came from the United States 
Steel Company. Several apparatus companies and 
book publishers showed their latest products of interest 
to chemistry teachers. 

On several occasions the evening social hours were 
augmented by the showing of colored slides taken by 
members. Dr. Maryalice Moore, Stonehill College, 
served as the conference secretary. The time-consum- 
ing but vital assignment of Registrar-Treasurer was 
undertaken by Dr. and Mrs. Ralph P. Seward, Pennsy]- 
vania State University. A warm vote of thanks was 
extended to the competent committee and to the staff 
of Colby College, especially to Evans B. Reid, head of 
the Chemistry Department and a most cooperative 
host. 


Adjourned Annual Meeting, August 23, 1957 


President Robert D. Eddy reconvened the business 
meeting, which was adjourned sine die in May. The 
Report of the Membership Committee consisted in the 
reading of the names of new members who have joined 
NEACT since May. 


Harold B. Bjornson, Malden High School, Malden, Massachusetts 

Joseph P. Burgwinkle, Clinton High School, Clinton, Massachu- 
setts 

= J. DiSabatino, Norwell High School, Norwell, Massa- 

setts 

G. Curtiss Job, Supervisor of Science in the City School, Albany, 
New York 

Rodney F. Mansfield, Appleton Academy, New Ipswich, New 
Ham) shire 

Maxwell] J. Mathews, Manhattan High School of Aviation 
Trades, New York City 

Richard A. Meyer, Teaching Fellow, Northeastern University, 
Boston, Massachusetts 

Maria Migliorini, Student, Regis College, Weston, Massachusetts 


— 8. Petix, Hackensack Senior High School, Hackensack, New 
erse) 
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Julia L. Warburton, Medfield High School, Medfield, Massachu- 
setts 


Those who joined at the Summer Conference were: 


Thomas P. Alcock, Jr., Dover High School, Dover, New Hamp- 
shire 
Frank W. Brown, New Hampshire Department of Education, 
Concord, New Hampshire 
Charles Chakoumakos, Wantagh High School, Wantagh, Long 
Island, New York 
Iindon E. Christie, Oliver Ames High School, North Easton, 
Massachusetts 
Lilias F. Cingolani, Silver Lake Regional High School, Kingston, 
Massachusetts 
Robert F. Crowley, Manchester Central High School, Man- 
chester, New Hampshire 
Joseph F. Cunningham, Stamford High School, Stamford, Con- 
necticut 
Herwood W. Curtiss, New London High School, New London, 
New Hampshire 
Christie J. Drago, Littleton High School, Littleton, New Hamp- 
shire 
Mrs. Dorothy 8S. Dugan, Dover, New Hampshire 
Leslie Edsall, Bethlehem Central Schools, Delmar, New York 
David C. Eldridge, Student, Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts 
John A. Fenn, Governor Dummer Academy, South Byfield, 
Massachusetts 
Laurie L. Harris, Walpole High School, Walpole, New Hampshire 
John F. Havko, Red Hook Central School, Red Hook, New York 
Lyman Holman, Stephens High School, Rumford, Maine 
Mrs. Hazel W. Holt, Everett High School, Everett, Massachu- 
setts 
Arthur E. James, Temple University School of Pharmacy, Phila- 
delphia, Pennsylvania 
C. Robert Jingezian, Needham High School, Needham, Massa- 
chusetts 
P. E. Johnson, Winslow High School, Winslow, Maine 
Norman J. Kelley, Waterville Senior High School, Waterville, 
Maine 
Joseph H. Klein, U.S. Naval Academy, Annapolis, Maryland 
John E. Lockwood, Jr., Laconia High School, Laconia, New 
Hampshire 
Edward Miley, Pepperell High School, Pepperell, Massachusetts 
Page M. Riley, Bellows Falls High School, Bellows Falls, Ver- 
mont 
Elphege E. Roy, Weare High School, Weare, New Hampshire 
Stewart S. Sargent,‘Marshfield High School, Marshfield, Massa- 
chusetts 
Rev. James J. Sheehan, C.S.C., Stonehill College, North Easton, 
Massachusetts 
Sr. Mary of St. Beatrice, C.S.C., St. Anthony’s High School, 
Manchester, New Hampshire 
Sr. Mary Bridget, St. John High School, Concord, New Hamp- 
shire 
David B. Staples, South School, Springfield, Vermont 
Brendan R. Sullivan, Hampton High School, Hampton, New 
Hampshire 
Sherwood A. Webber, Hartford Central School, Hartford, New 
York 
Roland L. Wilkins, Mt. Desert High School, Northeast Harbor, 
Maine 


The audited treasurer’s report for 1956-57 was 


accepted. The following is an abridged version of his 
statement: 


Expenses 1966-57. 2974.70 

Excess: expense over income................... $ 151.27 
Balance from 1955-56................. $1296 .87 

Net Balance 1956-57................ $1145.60 
Advance dues 1957-62................. 34.25 

Over-all balance on hand......... $1179.85 


Carro.u B. Gustarson, T'reasurer 
8. Water Hoyt, Auditor 
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. 


The audited Report of the Treasurer of the Trustees 


of the Endowment Fund was read and accepted: 
Income credited in the period May 10, 
1956—-May 11, 1957: 
Watertown Federal Savings and Loan 
Newton Savings Bank............... 51 


$2784. 66 
Investments: 
Five shares, Watertown Federal Savings 
and Loan Association.............. 
Newton Savings Bank.......... 


$ 994.91 
1789.75 


Avery A. AsHDown, Treasurer 
S. Watter Hoyt, Auditor 


President Eddy presented the honorary membership 
certificate to John A. Timm, Simmons College. The 
citation appeared in THIS JOURNAL in August.’ 

Maurice M. Whitten, co-chairman of the Nineteenth 
Summer Conference, reported on the statistics of the 
conference. The following who have attended all 
nineteen conferences comprise the same list as last year: 


Mr. and Mrs. Grover Greenwood, Bridgeport, Connecticut; Mr. 
and Mrs. §. Walter Hoyt, Belmont, Massachusetts; Alfred R. 
Lincoln, Springfield, Massachusetts; Evelyn L. Murdock, West- 
erly, Rhode Island; Elsie Scott, Northfield School, East North- 
field, Massachusetts; John R. Suydam, Boston, Massachusetts. 


Many of the teachers this year were given financial 
grants or scholarships to aid them to attend the con- 
ference. The names of these teachers and their spon- 
sors are given herewith: 


The New Hampshire Committee on Mathematics and Science 
provided fellowships for the following: Thomas Alcock, Dover 
High School; Isabelle Betz, Whitefield High School; Alger 
Bourn, Concord High School; Herwood Curtiss, New London 
High Schooi; Christie Drago, Littleton High School; Dorothy 
Dugan, Dover High School; Laurie Harris, Hollis High School; 
John Lockwood, Laconia High School; Sister M. Bridget, 
St. John High School, Concord; Sister M. Fidelia, St. Joseph 
High School, Manchester; Sister M. of St. Beatrice, St. Anthony’s 
High School, Manchester; Page Riley, Charlestown High School; 
Elphege Roy, Weare High School; David Staples, Keene Junior 
High School; Brendan Sullivan, Wilton High School. 


The Northeastern Section of the American Chemical Society 
provided Lyman Churchill Newell grants for the following: 
Samuel Greenwald, Holten High School, Danvers, Massachu- 
setts; Charles Jingosian, Needham High School, Needham, 
Massachusetts; Edward Miley, Pepperell High School, Pepperell, 
Massachusetts. 


The Mid-Hudson Section of the American Chemical Society 
provided a fellowship for: John F. Havko, Red Hook Central 
High School, Red Hook, New York. 


The Maine Section of the American Chemical Society provided 
a fellowship for: Benjamin Graves, South Portland High School, 
Maine. 


The Western Connecticut Section of the American Chemical 
Society provided a fellowship for: Joseph F. Cunningham, 
Stamford High School, Stamford, Connecticut. 


The Eastern New York Section of the American Chemical So- 
ciety: Leslie Edsall, Bethlehem Central School, Delmar, New 
York. 


2 J. Cuem. Epuc., 34, 413 (1957). 
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ments for the coming year: 


Editor of the NEACT NEWSLETTER: Howard I. Wagier, 
Laconia High School, Laconia, New Hampshire 

Publicity Agent: Richard M. Whitney, Roxbury Latin School, 
West Roxbury, Massachusetts 

Committee member, Committee to Study the Status of Secon airy 
School Chemistry: Angelo Trovato (who replaces Dorothy W. 
Gifford) 

Twentieth Summer Conference Committee: Co-chairman, in ch:rge 
of program, Maryalice Moore, Chemistry Department, St ne- 
hill College, North Easton, Massachusetts; Co-chairma., in 
charge of arrangements, Harry G. Stubbs, Milton Academy, 
Milton, Massachusetts; Registrar-Treasurer, Elizabeth A. 
Quinn, Saxe Junior High School, New Canaan, Connecticut 

Necrology Committee: David L. Davidson, Technical Operations, 
Inc., Arlington, Massachusetts, to replace Carl P. Swinnerton, 
who becomes vice-president 


NECROLOGY 


The necrology committee regrets to report the death 
in May of Herserrt W. Wricut, instructor in chem- 
istry, Hartford Branch, University of Connecticut, who 
joined the NEACT in August, 1950. 


DIVISIONAL MEETINGS SCHEDULED 


The locations of the 1957-58 meetings of the New 
England Association of Chemistry Teachers are an- 
nounced by the Executive Committee. 


Northern Division: Brattleboro High School, Brattleboro, Ver- 
mont, October 12, 1957 

Central Division: Wentworth Institute, Boston, Massachusetts, 
December 7, 1957 

Southern Division: Lincoln School, Providence, Rhode Island, 
January 25, 1958 

Western Division: University of Connecticut, Storrs, Connecti- 
cut, April 12, 1958 (joint meeting with the Connecticut Valley 
Section of the American Chemical Society) 

Central Division: Annual meeting, May 10, 1958 (place to be 
announced) 

Twentieth Summer Conference: University of Rhode Island, 
Kingston, Rhode Island, August 18 to 23, 1958 


Inquiries concerning any of these meetings may be 
addressed to the Secretary, Rev. Joseph A. Martus, 
S. J., College of the Holy Cross, Worcester 10, \assa- 
chusetts. 


LAURENCE S. Foster 
Editor of NEACT Report 
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Letters 


To the Editor: 


Dr. Mayper’s suggestion offers an interestiig and 
useful method of determining whether a given complex 
is optically active. I am grateful to him for pointing 
out that one of the six isomers of [M(ABC), is not 
optically active, even though it has no plane of sym 
metry. 


Joun C. Baran, JR. 
UNIVERSITY OF ILLINOIS 
Urpana, ILLINOIS 
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President Eddy announced the following appoit- 
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BIOENERGETICS 


Albert Szent-Gycrgyi. Academic Press 
Inc., New York, 1957. x + 143 pp. 28 
figs. and 4 tables. 15 X 22.5cm. $4.50. 


Every three or four years Albert Szent- 
Gyérgyi puts out a little book, full of 
theories, experiments, and speculations 
about the nature of biological processes 
as they currently seem to him. These 
books are invariably entertaining and 
stimulating, for no one is quicker than 
Szent-Gyérgyi to invent a new theory, or 
more spritely than he in presenting it. 
They are invariably controversial, too, for 
his theories are by no means universally 
accepted. 

In this volume Szent-Gyérgyi takes up 
the problem of the mechanism of the 
conversion of chemical energy (in ATP) 
into other forms of energy, or as he puts 
it, “how energy drives life.’’ He postu- 
lates that chemical energy is first converted 
into molecular excitation energy, which is 
probably electronic, rather than vibra- 
tional or rotational, and that the excited 
molecules then release mechanical, elec- 
trical and light energy. 

Since ordinary electronic excitations 
involve more epergy than is available from 
ATP, and, moreover, do not last long 
enough to effect biological action, Szent- 
Gyérgyi proposes that the activated elec- 
trons go into the rare triplet state, which 
is less energetic but longer-lasting than the 
usual singlet state of excitation. The 
triplets are presumed to be stabilized by 
the formation of ice, or of the analogous 
ordered water structures which have been 
shown to exist at temperatures up to 
about 37°C. 

This theory is supported by many 
observations, mostly on the fluorescence 
and phospaorescence of substances of 
biological importance; substances which 
fluoresce or phosphoresce are ipso facto 
known to be capable of electronic excita- 
tion, while substances which alter the 
luminescence must affect the excitation. 
From this point of view, the fluorescent 
and phosphorescent compounds are the 
ehergy transmitters, and substances which 
alter their properties are regulators of 
activity, either naturaHy occurring, like 
hormones, or artificially introduced, i.e., 
drugs. 

Szent-Gyérgyi applies these ideas to 
muscular contraction, the roles of ATP, 
nboflavin, and glutathion, aleohol toxicity, 
oxidative phosphorylation and its uncoup- 
ling, narcosis, depolarization of cell mem- 
branes, the effects of iodine and chlorpro- 
mazine, the Pasteur effect, the role of the 
thymus gland, and several diseases, in- 
cluding cancer and myotonia. 
shen most interesting 

is is that oxygen, by virtue of 
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its paramagnetism, alters the excitation 
of other substances, and thereby exerts an 
influence on life far transcending its role 
as an oxidizing agent. 

Space does not permit the reviewer to 
criticize the theory in detail, but in view 
of the tremendous amount of ground 
covered, the reader will not be surprised 
to find that the theory as presented is only 
preliminary and incomplete, qualitative 
rather than quantitative, and lacking 
in means of predicting in any detail the 
biological activities of new substances. 
These criticisms would of course apply to 
any new theory. 

Everyone who is interested in biological 
chemistry will want to read and reread 
this book, and then to design some ex- 
periments to prove Szent-Gyérgyi right 
or wrong. One gets the impression that 
Szent-Gyérgyi will not be too unhappy 
even to be proved wrong; he will be 
back with another theory, happy to have 
stirred the scientific pot and kept it boil- 
ing. As for the reader, he will not only 
be stimulated to attack or defend the 
theory; he will also be inspired with the 
feeling that science isfun. Most scientists 
assert that it is, but Szent-Gyérgyi is 
a man who obviously believes it, and is 
having the time of his life. It is a pleas- 
ure to contemplate his example. 


PETER OESPER 
HAHNEMANN MeEpIcAL COLLEGE 
PHILADELPHIA, PENNSYLVANIA 


ENERGETICS IN BIOCHEMICAL REAC- 
TIONS 


Irving M. Klotz, Professor of Chemistry, 
Northwestern University. Academic Press 
Inc., New York, 1957. vii + 64pp. 18 
figs. 2tables. 15 X 22.5cm. $3. 


THE purpose of this little book, as 
stated in the preface, is to give the bio- 
chemist a “reading knowledge’’ of the 
language of thermodynamics. 

The book opens with chapters on the 
First and Second Laws of Thermody- 
namics (i.e., the concepts of energy and 
entropy) and then turns to discussions of 
free energy, equilibrium, and the use of 
free energy concepts in the derivation of 
equations for electrode potentials, osmotic 
pressure, and sedimentation equilibria. 
There is a chapter on group transfer po- 
tentials (“high energy bonds’’), and the 
book concludes with a chapter on the re- 
lationship of entropy to probability, in- 
cluding the elementary theory of molecular 
statistics, together with several applica- 
tions. 

Whether anyone can acquire even a 
tenuous grasp of the principles of thermo- 
dynamics and molecular statistics from so 
brief a course as this is necessarily a mat- 


ter of opinion. The present reviewer 
thinks not, but the book is valuable 
nevertheless, both for the refreshing nov- 
elty of its approach to many thermody- 
namic concepts, and for its well-chosen 
(and well worked-out) applications of these 
concepts. The teacher of thermody- 
namics will surely find here some fresh 
ideas; he may not wish to incorporate all 
of them into his teaching methods, but 
he will certainly want to consider most of 
them. 

As for the biochemist, he may not learn 
the whole of thermodynamics from this 
book, but if he has even a slight back- 
ground, he will gain enormously from the 
excellent chapter on group-transfer poten- 
tial and from the fine discussion of molecu- 
lar statistics. 

Incidentally, Dr. Klotz, in his chapter 
on group transfer potential, has made 
quite explicit just what is meant by “high 
energy bonds.’’ It is to be hoped that the 
purists will now cease to deride the hoi 
polloi, who have probably always had a 
good notion what they were about when 
they used the term, but who must now 
be presumed to know exactly what they 
mean by it. 

All in all, this is a stimulating little 
book. 


PETER OESPER 
HauHNEMANN Mepicat COL! EGE 
PHILADELPHIA, PENNSYLVANIA 


THE PRINCIPLES AND APPLICATIONS 
OF POLAROGRAPHY AND OTHER ELEC- 
TROANALYTICAL PROCESSES 


G. W. C. Milner, Atomic Energy Research 
Establishment, Harwell. Longmans, Green 
and Co., New York, 1957. xxvii + 729 
pp. Many figs. 12 x 22.5cm. $17.50. 


SINCE several recent texts on polarog- 
raphy and related subjects are already 
available in the English language, one 
might question the present need for an- 
other similar publication. However, this 
is the first time that such a book has come 
from Great Britain and the resulting 
emphasis on British contributions in this 
field is welcome. Another feature of the 
book is that useful applications are 
stressed and that discussions of theory 
and reaction mechanisms are held to a 
minimum. 

Part I is devoted to a brief general in- 
troduction of principles, theory, equip- 
ment, and newer developments. Among 
the latter, the treatment of oscillographic 
polarography and a discussion of polarog- 
raphy in non-aqueous media are out- 
standing. A special chapter deals with 
controlled-potential electrolysis and its 
application in polarography as well as 
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with coulometric analysis. Part II, in- 
organic polarography, by far the most out- 
standing part of the book, is equally di- 
vided between a discussion of the polarog- 
raphy of metals and a collection of inor- 
ganic polarographic analyses. Consider- 
able personal experience of the author 
insured a good selection of these methods 
which are described in sufficient detail so 
that they may be used without reference 
to the original literature. In Part III, 
dealing with organic polarography, an ef- 
fort was made to include all analytical 
procedures, available up to 1955, for the 
determination of organic materials. Since 
the number of useful applications in this 
field is definitely limited, it is surprising 
that the extensive clinical applications, 
especially those which involve the metal- 
catalyzed reactions of thiols, have barely 
been mentioned. Amperometric titra- 
tions, either with the dropping mercury 
electrode or with the rotating platinum 
electrode is the topic of Part IV. For 
both types, numerous analyses are de- 
scribed in detail. 

The book contains many literature 
references which are listed at the bottom 
of the page in all but chapters 9-17 (where 
they are listed at the end of Chapter 17). 
Unfortunately the subject index was not 
prepared carefully enough. It should 
include at least all those analyses which 
were described in detail; if possible, all 
compounds mentioned in the text should 
be listed. 

The reviewer doubts that this book has 
immediate value for the complete neo- 
phyte: however, anyone with some basic 
knowledge of polarography could use it to 
good advantage. 


OTTO H. MULLER 
Srate University or New York 
Upstate Mepicat CENTER 
Syracuse, New York 


CHANGES OF STATE: A 
MATHEMATICAL-PHYSICAL 
ASSESSMENT 


H. N. V. Temperley, formerly Lecturer in 
Physics, Cambridge University, and Visit- 
ing Professor, University of Nebraska; 
now Senior Principal Scientific Officer at 
Atomic Weapons Research Establishment, 
Aldermaston, England. Interscience Pub- 
lishers, Inc., New York, 1956. xii + 324 
pp. 72 figs. 15.5 X 25cm. $7.50. 


Accorp1né to the publisher’s statement 


on the dust cover, the aim of this book is - 


to “collate for research workers, teachers 
and advanced students, notable recent 
advances and new conceptions which con- 
cern such varied topics as freezing, solu- 
bilities, ferromagnetism, superconductiv- 
ity, the condensation of gases and alloy 
phenomena.” To a very large measure, 
Dr. Temperley has succeeded in his aim 
and in so doing has bridged a serious gap 
in the existing literature in this field. No 
reader who is well acquainted with one or 
more of these fields can fail to gain new 
mathematical and physical insights into 
these problems. 

On the other hand, one cannot recom- 
mend this book unqualifiedly to the av- 
erage student or teacher. A fairly exten- 
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sive understanding of statistical thermo- 
dynamics and of the methods of mathe- 
matics is a necessary prerequisite. The 
number of equations is rather modest for 
a book of this kind, but there is a great 
deal of discussion of them and many are 
derived sketchily or not at all. The book 
is more a critical commentary on and a 
correlation between existing theories than 
a detailed presentation of them. Nor will 
the going be entirely painless even for the 
researcher well-versed in some of the 
topics. Dr. Temperley’s sentences are 
long and involved (a “fog index’’ of ap- 
proximately 23 on the Gunning scale), and 
he occasionally runs two sentences to- 
gether in an ungrammatical way; we have 
learned to expect better from a British 
author. However, the reader who per- 
severes will reap a rich harvest. 

After a brief historical introduction, the 
author classifies changes of state into dif- 
ferent categories (in particular, at least 
three different kinds of behavior have been 
called ‘second order transitions’) and 
then outlines some general theoretical 
considerations which must apply to these. 
The remainder of the book is devoted to a 
detailed consideration of various kinds of 
physical situations in which changes of 
state may occur: vaporization, fusion, 
phase separation in solutions, order-dis- 
order phenomena in alloys, adsorption on 
surfaces, ferromagnetism and anti-ferro- 
magnetism, ferroelectricity, \-point anoma- 
lies in solids, superconductivity, and 
finally the most amazing change of state of 
all, the transition in liquid helium. 

To me one of the book’s most valuable 
features is the careful way in which Dr. 
Temperley develops the mathematical 
similarities between the physically very 
different situations. At one point he 
shows how one mathematical model can 
be applied to a variety of different con- 
texts merely by replacing one set of quan- 
tities by another; the method of tran- 
scription would not have been obvious even 
to someone familiar with both problems 
separately. 

In short, this new book is reeommended 
reading for anyone who has considerable 
experience in one of the fields discussed 
and wants a broad understanding of re- 
lated fields as well as a new perspective 
on his own. 


ROBERT L. SCOTT 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


CHROMATOGRAPHY: A REVIEW OF 
PRINCIPLES AND APPLICATIONS 


Edgar Lederer, Professor of Biochemistry, 
Sorbonne, and Directeur de Recherches, 
Institut de Biologie Physico-Chimique, 
Paris, and Michael Lederer, Maitre 
de Recherches, Institut du Radium, Paris, 
Second Edition, Revised. Elsevier Pub- 
lishing Co., New York, 1957. xx + 711 
pp. 139 figs. and 175 tables. 16 X 
23.5 cm. $12.75. : 


Tuis book is a revision and enlargement 
of the excellent previous edition by the 
same authors. A comparison of the two 
editions shows that the new publication 


has an increase of 53% in the number of 
pages of “‘text,’’ 52% increase in pages of 
references, 57% in pages of index and 72% 
increase in the number of references (\ hich 
now total 3747). 

The authors have retained the st) le of 
the first edition—that of a review which is 
more than a review. Frequent «dded 
comments serve to evaluate, or at le:ist to 
identify the sort of work mentioned in the 
references. In this connection the re. 
viewer feels that the versatility of the 
technique of Irreverre and Martin makes 
it deserve more emphasis than a mere ref. 
erence. The illustrations and, purticv. 
larly, the tables will be of great value to the 
worker in the field. While the original 
works will need to be consulted by one who 
needs details of experimental procedure, 
this book will be extremely helpful in any 
such investigation. 

In addition to the good but not exhaus 
tive general background, the authors have 
presented ion exchange chromatograph 
and partition chromatography. The lat- 
ter includes column, paper and gas-liquid 
techniques. Both organic and inorganic 
substances are included. 

Many of the 44 chapters are very short. 
Some are entirely new (Chap. 7, Adsorp- 
tion Chromatography of Gases; Chap. 13, 
Ion Exchange Papers). New develop- 
ments have brought added or expanded 
sections to many chapters. In some in- 
stances, as with Chapter 17 on Gas-Liquid 
Chromatography, a single paragraph from 
the first edition now becomes an entire 
chapter of four pages. 

More than 90% of the references are in 
the nine-year span 1947-1956, with 86 
published in 1956. Half of those 86 deal 
with gas-liquid chromatography. 

The monograph is well printed and 
bound. In spite of the large amount of 
material it contains, the book is attractive 
and does not show crowding. Only two 
minor typographical errors were noted. 
The Lederer monograph should be in- 
mediately available to all who are inter- 
ested in the principles and applications of 
chromatography. 


JOHN W. CHITTUM 
Tue or Wooster 
Wooster, Oxn10 


ADVANCES IN PROTEIN CHEMISTRY. 
VOLUMES 10 AND 11 


Edited by Mortimer L. Anson, Cam- 
bridge, Massachusetts, Kenneth Bailey, 
University of Cambridge, Cambridge, 
England, and John T. Edsall, Professor o 
Biological Chemistry, Harvard University, 
Cambridge, Massachusetts. Academic 
Press Inc., New York. Vol. 10, 1955, 
viii + 425 pp. 105 figs. 36 tables 
16 X 23.5 cm. $9. Vol. 11, 1956,x+ 
665 pp. 112figs. 72tables. 16 Xx 23° 
em. $12. 


Tuese volumes follow the usual pat 
tern of this well-known series in consisting 
of several chapters, each devoied to ® 
currently significant aspect of the chem- 
istry or biology of proteins an‘ written 
by one or more authorities in tlie special 
field. Most of the chapters constitute 
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comprehensive reviews of the major 
discoveries and theories recorded during 
a period of 25-30 years or more; a few 
cover only the past 8-10 years. Each 
presentation includes a critical evaluation 
of the experimental results reported, and 
contains details of specific definitions, 
techniques for isolation, identification, and 
determination of structures of various 
proteins. An extensive bibliography is 
included at the end of each chapter. 

Both volumes include adequate author 
and subject indexes. Volume 11 also 
carries cumulative author and subject 
indexes for Volumes 6 to 10, inclusive. 

The topics covered in Volume 10 are: 
The Nature of Phosphorus Linkages in 
Phosphoproteins, Gertrude A. Perlmann, 
(evidence for diester and pyrophosphate 
bonds as cross-linkages between peptide 
chains); Metabolism of the Aromatic 
Amino Acids, C. E. Dagliesh, (details 
of metabolism of phenylalanine, tyro- 
sine and trypto»shan); Hydrogen Ion 
Equilibria in Native and Denatured 
Proteins, J. Steinhardt and E. M. Zaiser, 
(newer interpretations of titration curves 
of proteins); Fish Proteins, G. Hamoir, 
(physicochemical properties of proteins of 
the muscles, enzymes, blood, and sperma- 
tozoa of fish); The Sea as a Potential 
Source of Protein Food, L. A. Walford 
and C. G. Wilber, (critical analysis of the 
availability, economic and esthetic suit- 
ability and biological value of marine 
organisms for human food); Zine and 
Metalloenzymes, B. L. Vallee, (coordina- 
tionchemistry of zinc, especially in various 
enzyme systems). 

Topics included in Volume 11 are: 
Protein Structure in Relation to Function 
and Biosynthesis, C. B. Anfinsen and 
R. R. Redfield, (correlation of amino acid 
sequences, of covalent and non-covalent 
structures and of cross-linkages with 
functions of several proteins); Hormones 
of the Anterior Pituitary Gland. Part I. 
Growth and Adrenocorticotropic Hor- 
mones, C. H. Li, (evidence for proposed 
structures); Column Chromatography of 
Peptides and Proteins, S. Moore and 
W. H. Stein, (factors influencing the 
precise chromatographic separation of 
proteins and peptides); Countercurrent 
Distribution in Protein Chemistry, P. von 
Tavel and R. Signer, (principles, tech- 
nique, applications and factors influencing 
the use of countercurrent procedures in the 
separation of proteins and _ peptides); 
Complex Formation between Metallic 
Cations and Proteins, Peptides, and 
Amino Acids, F. R. N. Gurd and P. E. 
Wileox, (types and mechanisms of forma- 
tion of complexes between various cations 
and }roteins, peptides and amino acids, 
physical and chemical properties of various 
specific complexes, effects of metal ions 
on properties of proteins); Measurement 
and Interpretation of Diffusion Coeffi- 
lents of Proteins, L. J. Gosting, (physical 
chemistry, methods of measurement and 
interpretation of results of diffusion co- 
efficients us applied to proteins, interacting 
a systems of three or more compo- 


GORDON H. PRITHAM 
PENNSYLVANIA Srate University 
University Park, PENNSYLVANIA 
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ESSENTIAL PRINCIPLES OF 
ORGANIC CHEMISTRY 


James Cason, Professor of Chemistry, Uni- 
versity of California, Berkeley, California. 
Prentice-Hall, Inc., Englewood Cliffs, New 
Jersey, 1956. xi + 530 pp. 16 X 23.5 


In THE preface of this text the author 
presents the conviction that the first 
course in elementary organic chemistry 
should deal with the principles of organic 
chemistry. This involves a selection of 
what are principles, what is to be included, 
and what is to be omitted. It appears to 
the reviewer that the author has made a 
workable selection of all phases of elemen- 
tary organic chemistry so that the student 
can become familiar, although not over- 
whelmed, with what is important. The 
author believes “that when a book is con- 
structed as a combination of reference 
book and textbook, much of its usefulness 
to the elementary student is lost, for he is 
not sufficiently sophisticated to discrim- 
inate between the two types of material. 
The present book is presented as a text- 
book for use in an elementary course con- 
sisting of about eighty-five one-hour lec- 
ture periods.’’ Hence, if the instructor is 
looking for a text which contains chapters 
on the aliphatic nitro compounds, the 
aliphatic sulfur compounds, alkaloids, 
terpenes and steroids, he will not find 
them in this text. Certainly such topics 
are mentioned but not in sections devoted 
exclusively to a lengthy account of their 
chemistry and properties. Of the many 
heterocyclic compounds, only three ring 
systems are studied. Pyridine, quinoline 
and isoquinoline are presented as a final 
section in a relative extensive manner 
since the study of these compouiuds makes 
possible a review and correlation of the 
aliphatic and aromatic chemistry previ- 
ously discussed. 

The text begins with the study of ethyl 
alcohol, since this compound is represen- 
tative and can be utilized to illustrate a 
number of properties plus ideas of struc- 
ture, rules of valence, functional groups 
and naming. The text then follows the 
general order of elementary texts except 
that the organization is around the sys- 
tematic presentation of principles, not the 
systematic presentation of facts. Theoret- 
ical ideas always precede the correspond- 
ing descriptive material. The Nature of 
the Chemical Bond is considered in the 
second chapter and elaborated later as 
Nature of Multiple Bonds, Concerning 
Mechanism of Organic Reactions, and 
Resonance and Hydrogen Bonding. 

Although there is much evidence of good 
organic chemical pedagogy, one particular 
section which the reviewer found interest- 
ing was the description in Chapter 8 of 
how a student should approach a multi- 
step synthesis. Usually such teaching de- 
vices are left for the individual instructor, 
but some aid frem the text is always 
valuable. Chapter 37 on The Literature 
of Organic Chemistry is another such aid 
to the instructor. It epitomizes the 
philosophy of the text that only the fun- 
damental ideas can be presented in the 
introductory course, but that the student 
can be awakened to the infinite horizon of 


organic chemistry to be found in the orig- 
inal research literature. 

The drawings necessary for representa- 
tions of chemical bonding, mechanisms of 
reactions and stereoisomerism are well 
done. The book is well bound. 

The field of organic chemistry has be- 
come so complex that no elementary 
course can hope to cover a view of all the 
new factual material. The present text 
has been written from the point of view 
that beginning students of organic chemis- 
try must be introduced to the principles 
of the field in such a manner that they may 
grow in an understanding of theory and 
immensity of the field. The reviewer 
recommends this text as one which will 
serve the needs of all introductory organic 
chemistry classes. 


D. J. COOK 
DePauw UNIVERSITY 
GREENCASTLE, INDIANA 


TECHNIQUE OF ORGANIC CHEMIS- 
TRY. VOLUME 3, PART I: SEPARATION 
AND PURIFICATION 


Edited by Arnold Weissberger, Research 
Laboratories, Eastman Kodak Co., Roches- 
ter, New York. Second revised and aug- 
mented edition. Interscience Publishers, 
Inc., New York, 1956. ix X 873 pp. 
16 X 23.5cm. $17.50. 


ApvANCEs in the methods and tech- 
niques of separation and purification of 
organic compounds are reflected in the 
difference in this revised edition and its 
1950 predecessor. The earlier edition con- 
tained in addition to chapters dealing 
with conventional methods of separation 
and purification, a chapter on Cooling 
and Heating and one on Mixing. These 
two topics together with a number of other 
laboratory engineering techniques are the 
subject matter for Part II of the revised 
Volume3. Again, distillation, adsorption, 
and chromatography are omitted from 
this volume since they are covered in 
Volumes 4 and 5 of the Techniques series. 

This volume has the following sections 
dealing with diffusion methods which 
were not included in the 1950 edition: 
Thermal Diffusion of Organic Liquids, 
by A. L. Jones, Barrier Separation, by 
Karl Kammermeyer, and Zone Electro- 
phoresis, by E. MacWilliam. These 
three topics together with the revised 
section on Dialysis and Electrodialysis, 
by R. Eliot Stauffer, constitute Chapter 
I of this second edition. Each of these 
sections appears to be quite complete 
from the standpoint of theory, general 
discussion including apparatus, and ap- 
plications. There are many helpful line 
drawings and diagrams as well as numerous 
tables and a few pictures of apparatus. 
The revised section by Stauffer deserves 
special comment for it not only includes a 
new section on electrodecantation but also 
has an extremely good general reference 
section of 136 items, many of which are 
annotated. 

Chapter II, Laboratory Extraction and 
Counter-current Distribution, by Lymon 
Craig and David Craig, has a new section 
by Edward G. Scheibel on Liquid- 
Liquid Extraction for Increased Quantity. 
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The entire chapter has undergone ex- 
tensive revision. Notable are the sections 
dealing with automatic countercurrent 
distribution equipment and the choice of 
solvents and compounding of systems. 

Chapter III, Crystallization and Re- 
crystallization, by R. Stuart Tipson is 
greatly expanded. A fifteen-page section 
on inclusion compounds and molecular 
compounds is a worth-while addition. 

Centrifuging is the title of Chapter IV. 
It has been revised and brought up to 
date by two new authors, C. M. Ambler 
and F. W. Keith, Jr. An extensive table 
of symbols encountered in the theory of 
centrifuging is a notable addition. 

The final two chapters, Filtration, by 
Arthur B. Cummins and Francis B. 
Hutto, Jr., and Solvent Removal, Evapo- 
ration and Drying, by Geoffrey Broughton 
have undergone extensive revision and 
amplification. The chapter, Filtration, 
has increased in size from 120 to 180 
pages. Literature references have in- 
creased from 446 to 710. The 146 
general referénces, of which 60 on theory 
are annotated, are exceptionally good. 

The number of literature references in 
the final chapter has increased from 19 to 
119. The majority of these refer to 
quite recent literature. The section deal- 
ing with removal of solvent water by 
vaporization has 19 pages compared to 7 
in the first edition. New techniques such 
as dielectric or high-frequency drying are 
included. 

An added attraction for those who buy 
this edition is the Cumulative Indexes of 
Volumes 1-9. This includes a cross- 
referenced Authors Index and a topical 
Subject Index. The listings for Volumes 
1, 2, and 3 refer to the second editions. 

This volume should be available to 
every practicing organic chemist. The 
abundance of theoretical material in each 
chapter will appeal to the physical chem- 
ist. The techniques described are of 
immediate interest to the biological and 
physiological chemist as well as to organic 
chemists. The additional topics not 
found in the earlier edition may influer ce 
many who own it to buy this edition also. 
The price, however, will influence many 
more to use this edition from the library 
reference shelf. 


WILLIAM B. COOK 
NaTIonat Science FounDATION 
Wasuineton 25, D. C. 


TECHNIQUE OF ORGANIC CHEMIS- 


TRY. VOLUME 3, PART II: LABORA- 
TORY ENGINEERING 


Edited by Arnold Weissberger, Research 
Laboratories, Eastman Kodak Co. Second 
Edition. Interscience Publishers, Inc., 
New York, 1957. ix + 391 pp. Many 
figs. and tables. 16 X 23.5cm. $8. 


Tue original Volume 3 of the series 
“Technique of Organic Chemistry’’ has 
been divided into two Parts so that new 
chapters could be added. Part I, Separa- 
tion and Purification Methods, deals with 
diffusion methods, extraction and counter- 
current distribution, crystallization and 
recrystallization, centrifuging, filtration 
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and solvent removal, evaporation, and 
drying (for a review, see R. L. SHRINER, 
J. Am. Chem. Soc., '79, 2982 (1957)). 

In the new Part II, Laboratory Engi- 
neering, there are five chapters, two of 
which were in the original edition and 
have now been revised. These are Chap- 
ters II, Heating and Cooling (132 p.), by 
Richard S. Egly and IV, Mixing (48 p.), 
by J. H. Rushton. A section in Chapter 
IV on special equipment was written by 
M. P. Hofmann. There are chree new 
chapters: I, Selection of N aterials for 
the Construction of Equipment (50 p.), 
by Richard F. Eisenberg and Richard R. 
Kraybill; III, Grinding, Screening and 
Classifying (52 p.), by John W. Axelson 
and William G. Streib; and V, Operations 
with Gases (92 p.), by Glenn H. Miller. 

As the title of this new book suggests, 
this is intended to assist in the design and 
operation of laboratory equipment, par- 
ticularly where pilot plant and large scale 
production are anticipated. While the 
subject matter is mostly in the field of 
organic chemistry, this book will be very 
useful for all chemists and chemical engi- 
neers. 

The literature appears to be well cov- 
ered by each of the authors, the discus- 
sions are clear, diagrams and illustrations 
are excellent. The chapters are well docu- 
mented with both general and specific 
references. In general, the treatment of 
theory is subordinate to the emphasis 
given to practical aspects. 

In addition to the index for this book, 
there is a cumulative index for Volumes 
1-9 of the series which covers both authors 
and major subjects. 


OLIVER GRUMMITT 
WestTERN ReseRvVE UNIVERSITY 
CLEVELAND, OHIO 


THE HARVEY LECTURES. SERIES 51 


The Harvey Society of New York. 
Academic Press Inc., New York, 1957. 
xiv + 298 pp. Many figs. and tables. 
14 X 21cm. $7.50. 


ANOTHER group of delightfully readable 
papers is again presented to the biochemist 
and physiologist under the capable pa- 
tronage of the New York Academy of 
Medicine. The nine lectures contained in 
this volume deal with subjects of vital in- 
terest, are authoritative in character, and 
are presented in print inerrantly. 

In biochemical areas, E. F. Gale does 
not submit answers so much as penetrat- 
ing and stimulating questions regarding 
the relationship between nucleic acids 
and protein synthesis. His studies deal 
primarily with disrupted cell preparations 
of Staphylococcus aureus which are spe- 
cifically useful in that they synthesize pro- 
tein under control and also readily allow 
for analysis of the nucleic acid compo- 
nents. Evidence is cited to support some 
of the hypotheses current in the field and 
to discredit others. The general problem 
of protein synthesis is approached in a 
different manner by J. S. Fruton in a con- 
sideration of enzymic hydrolysis and syn- 
thesis of peptide bonds. Attention is cen- 
tered on the intracellular proteinases, or 


cathepsins, with regard to their possible 
role in peptide bond formation, espe :ially 
via transamidation reactions. The dis 
tinction between “‘hydrolases”’ and “rans. 
ferases”’ is abandoned with respect to the 
cathepsins, and the general conclus on js 
presented that enzymic hydrolysis js 
merely a special case of a transfer reaction 
In a discussion of the chemistry of th 
mesodermal ground substances, K. \eyer 
limits his presentation to the acid muco. 
polysaccharides of connective tissues 
their distribution in biological systems 
their chemical components, structure, bio. 
synthesis, and enzymic hydrolysis, 4 
most enjoyable and profitable discussioy 
of cyclic processes in carbohydrate me 
tabolism is to be gained from the paper o/ 
E. Racker. The Priestley cycle consists 
of two phases: the reductive, represente( 
by photosynthesizing leaves, and the oxi- 
dative, depicted by a mouse. These tw 
phases of the Priestley cycle are fully e- 
plored in three macrocycles. There is the 
degradative or Krebs cycle, the reductive 
pentose phosphate cycle whereby hexow 
is synthesized from carbon dioxide and 
water, and the Cori homeostatic cycle by 
which a steady-state concentration 
glucose is maintained. Finally, W. D 
McElroy delves into the particulars of 
firefly luminescence, using it as a specific 
example for discussion of the fascinating 
problems associated generally with the 
chemistry and physiology of biolumines 
cence. 

In presentations in other areas, J. (. 
Eccles gives an account of the mechanisms 
involved in excitatory and in inhibitor 
synapses, C. H. Rammelkamp, Jr., stresses 
the role of the organism in the trans 
mission of disease and the development 
of complications in streptococcus infec- 
tions, and A. D. Hershey answers the 
question of whether bacteriophage T2 is « 
parasite or an organelle by showing it is 
both, and even more. A fine description 
of the submicroscopic morphology of pro- 
toplasm by K. R. Porter is beautifully 
supplemented by 40 electron micrographs 

Much of the material presented in these 
lectures has already appeared in print in 
various scientific journals. This fact, 
however, in no way detracts from the value 
of these up-to-date summaries for the 
general reader or co-worker in the field. 


EUGENE E. DEKKER 
OF MICHIGAN 
or MEDICINE 
ANN ARBOR, MICHIGAN 


MODERN PULP AND PAPER MAKING 


Edited by John B. Calkin, President, Cal 
kin and Bayley, Inc., New York. Third 
edition. Previous editions by George § 


Witham, Sr. Reinhold Publishing Corp. 
New York, 1957. vii + 549 pp. Many 
figs. and tables. 16 X 23.5 cm. 


Mucu to the dismay of its scientists and 
engineers, the pulp and paper industry. 
fifth largest in the United States, often * 
given slight coverage in school «1d colleg* 
surveys of the chemical family of indus 
tries. The very ubiquitousne-s of the 
product and the ancient origins of the a" 
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Frederick B. Dutton 
an State Uni: 
Laurence 8S. Foster 
“Ordnance Materials Research Otfice 
Watertown Arsenal 


Making an Instructional Film, Louis F. Fieser 


A Deteieeiee Course U Authorization-Exempt Quantities of 


Modification of a Slide Projector for Remote Operation, J. H. Wood and A. D. 
Melaven 


— ree Radicals in the Vapor I. Detection and 
Radicals, Harold E. De Mare and William E. Vaughan 


The Kinetics of Enzyme Catalyzed Reactions, William H. R. Shaw 


Do Courses in Ch and Physics at the High-School Level Contribute to Suc- 
cess in Beginning Chemistry? John J. Carlin 


The Story of Liebig’s Annalen Der Chemie, H. S. van Klooster 
A Periodic Table, H. C. Longuet-Higgins 
The Fable of the Atomic Theater, Milton Kerker 


Scattering Experiments, Robert C. McIlhenny and 
George K. Schweitzer 


Officers of the Division of Chemical Education, 1956-57 


Journals Most Cited by Chemists and Chemical Engineers, Richard L. Barrett and 
Mildred A. 


The Use of te Measurements to Determine the Presence of Chelates, 
James E. Land 


Textbook Errors. X: The Classification of Crystals, Karol J. Mysels 


Sogeatne for Isopiestic Measurements, C. H. Brubaker, Jr, C. E. Johnson, C. P. 
op, and Frank Betts 


Proceedings of the Southwest Association of Chemistry 
Sidelights on Chemical Education in Japan, G. Ross Robertson 


Rates for the Practical Chemist, John 
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THEY REMEMBER 
YOUR VACUUM SETTING 
EVEN AFTER SHUTTING 
DOWN SYSTEM! 


MANOSTATS 


@ G15074 Cartesian Manostat No. 6, all stainless steel, delivered 
with mercury and directions for use...ea $60.00 


@ G15075 Cartesian Manostat No. 6. Same es G15074, but 
_ clear plastic (Tenite II) body tube for visual observation of 
00 


@ G15071 Cartesian Manostat No. 7, all glass model ready for 
use with rubber connections. Mercury not included. ..es. $54.00 


@ G15072 Cartesian Manostat No. 7A, al! glass model ready for 
use with rubber connections. Mercury not included. ..ea. $46.00 


@ G15081 Cartesian Manostat No. 8, (does not heve memory 
a with 3 interchangeable orifices and mercury... 
ea. 


20-26 N. MOORE STREET, DEPT. 222, NEW YORK 13, N. Y. Gyre FMI, GREINER 0. 


FOR AUTOMATIC VACUUM 
AND PRESSURE CONTROL 


Exclusive with Emil Greiner! No other instruments in the field can 
compare with these remarkable Cartesian Manostats for sensitivity, 
accuracy and reliability. Designed on the simple phenomenon of the 
Cartesian Diver, their construction, installation and operation is 
uncomplicated and extremely dependable. 

Among these manostats is the one to meet your requirements. They 
are designed to suit the sensitivities and capacities of ihe many 
installations from a simple laboratory distillation at controlled 
vacuum to large simulated pressure chambers for testing of avit 
tion devices. 

For complete information, write for Constant Pressure and Vacuum 
Control Bulletin. 
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NOW... 
you can make 


MOISTURE 
TESTS IN 
MINUTES 


with the fully automatic Aut the operator has to do is load the pan 
i R and set the timer and heat control to get 


quick, accurate, permanently recorded mois- 
ture readings of granular solids, pastes, 


RA oO T liquids, waxes or anything else that can be 


dried by heat. 
The portable IR Moisture-Matic, a product of 
- M AT i C Moore-Milford Corporation, utilizes far in- 
frared for highest absorption and rapid, even 
cs A L A i? Cc eS heating, and has both a self-contained timer 
and variable heat control between 30 and 600 
watts. The motor driven torsion balance 
automatically weighs the sample after the 
test, and the moisture percent is retained on 


Tests anything that a 3 digit counter to the nearest 0.1 percent. 
can be oven-dried... Operates on 115-volts, 60 cycles AC. 


just load...set time All components are of instrument quality to 
assure long life without maintenance ex- 
and heat...and let pense. For guaranteed accuracy and speed 
the instrument in your moisture testing, ask your Scientific 
do the rest. Products representative for a demonstration 
or write us today. 


IR Moisture-Matic Balance 
complete, ready for use... 
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Scientific Products—a single source for all laboratory supplies and equip- 
ment—offers a complete selection of moisture testers for every application. 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
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CAPROLAN deep-dye, 
tensile-tough nylon 


_ DIVISIONS 


BARRETT, first in roofing for over a century, now offers a full line of 


building materials. Barrett's trademark covers a host of chemical 


products, as well as the growing line of PLASKON resins and plastics. 
GENERAL CHEMICAL, famous as a dependable source of supply for 


heavy chemicals and BAKER & ADAMSON laboratory reagents and fine 


_ chemicals, now also produces GENETRON refrigerants used in refrig- 
-_ @rators and air conditioners, and as propellants for aerosol sprays. 


MUTUAL CHEMICAL, the principal American pro- 


ducer of chromium chemicals for pigments and 
chrome plating, and KOREON for leather tanning, 
is constantly broadening the fields of application 


for these versatile products. 


To create is chemistry’s business. All Allied 
Chemical activities refiect its research goals and 
accomplishments—like those on this page. Allied 
offers a diversity of operation in its Central 
Research Laboratory and 11 divisional labora- 
tories, each backed up by the resources of one 


of America’s largest chemical companies. 


“IN FLUORINE CHEMISTRY 


GENETRON refrigerants 
and aerosol propellants 


NATIONAL ANILINE, long a leader in dyes, certified food colors and 


intermediates, is now also producing CAPROLAN—the new concept 
in nylon—and NACCONATE isocyanates for urethane. 


NITROGEN, the world's foremost producer of fixed nitrogen in its many 
forms, offers a wide line of ARCADIAN fertilizers. Its industrial line 
includes ammonia, ethylene oxide, ethylene glycols and ethanoiamines. 


SEMET-SOLVAY, first in merchant coke production, builds W!LPUTTE 
by-product coke ovens. it supplies A-C Polyethylenes for use in food 
cartons and paper, in printing inks, waxes and polishes. 


SOLVAY PROCESS, long-established leader 0 alkali 
production, has found new markets with chloro 
methanes, hydrogen peroxide, viny! Chloride mon 
omer and aluminum chloride. 
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_Keodak reports to laboratories on: 


when your movies don't fit the screen... what’s available in microreproduction . . . 


a pH indicator from Alleppey 


Want your focal length changed? 


Ohio, offers some 800 current and 
defunct newspapers in microfilm 
form, as well as the Official Gazette 
of the U. S. Patent Office micro- 
filmed from 1930 to date. 

Another, University Microfilms, 


shipped to a factory in Rochester, 
N. Y., which turns out mustard to 
put on hot dogs and ‘hamburgers. 
Americans like their mustard to be 


_a bright, cheerful yellow rather 


than its greyish-brown self. Tur- 


jand Ann Arbor, Mich., makes its case in meric imparts the preferred color 
lied terms of a quadratic equation int, and adds a little flavor as well. 
ntral the time during which a periodical From the mustard people we buy 
7. is stored, then in 15 pages of close- modest amounts of turmeric and 
~ set type lists all the periodicals from percolate hot acetone through it. In 


This small cylinder is a Cine-Kodak 
Bifocal Converter. It slips over the 
Kodak Projection Ektanon Lens, 2- 
inch f/1.6, that is standard on all 
16mm projectors we make. Put on 
one way, it can expand the pro- 
jected picture from about 6% 
square feet to 1014 square feet for a 
16-foot throw. Turned the other 
way for a large room, it can keep 
the picture within an 8-foot width 
when the projector is 10 feet farther 
from the screen than without the 
converter. 

The proposition is appealing in its 


' simplicity. For $26.50, a dollar less than 


the price of a single Ektanon lens, your 
Kodak dealer is in effect selling you two 
supplementary focal lengths. And the 
optical performance is good at all three 
focal lengths, because the designers of 
the converter knew exactly what projec- 
tion lens it was to go on. 


Fear not the paper mountains 


How most efficiently to store and 
retrieve records of fact, feeling, 
fancy, or thought set down by one 
human being for another to read at 
a subsequent time—this core prob- 
lem we employ dozens of men to 
ponder. (A few of their schemes are 
already in the hands of the fellows 
with the screwdrivers and square- 
wave generators.) For the present, 
those who fear the paper mountains 
must trust in microfilm and its off- 
shoot, the microprint card (a step 
away from the scroll format). 


many fields and many nations which 
they sell in microfilm form. Prices 
are comparable with the cost of 
merely binding paper editions. Of 
the Augean labors in law and li- 
brarianship that made the list pos- 
sible they say little. Perhaps if you 
write them, they will send you a 
copy. 

For our own survey, “‘What’s Avail- 
able on Microprint Cards,” write East- 


man Kodak Company, Graphic Repro- 
duction Division, Rochester 4, N. Y. 


A bright, cheerful yellow 

About 150 miles up the west coast 
from Cape Comorin, the tip of In- 
dia, there stands the town of Allep- 
pey. The farmers around Alleppey 
raise black peppercorns for the 
world’s pepper shakers. As a side- 
line they also raise a little ginger, 
and each year they also set out 
rhizomes (underground root-like 
stems) of a plant known to botanists 
as Curcuma longa. From the up- 
per side of the rhizomes leafy shoots 


this simple manner we obtain sharp 
melting crystals of Curcumin (East- 
man 1179), which is nothing more 
than 1,7-bis(4-hydroxy-3-methoxy- 
phenol)-1 ,6-heptadiene-3,5-dione. 

From an acidified solution con- 
taining boric acid and Curcumin 
one can obtain a red, alcohol-solu- 
ble reaction product, formed in 
proportion to the amount of boric 
acid present. There is a Ph.D. 
thesis in the archives of one of the 
midwestern universities which sug- 
gests that this red substance repre- 
sents a loose combination of the 
borate radical with one of the two 
hydroxyls in Curcumin. At any 
rate, this reaction is the basis of a 
method for measuring boron in 
soils and plant tissue. We shall be 
pleased to send you an abstract of 
the method. 

The big thing about Curcumin, 
however, is that it changes from 
yellow to red over the pH range 7.5 
to 8.5 and from red to orange over 
the pH range of 10.2 to 11.8. This 
gives it a place on the list of 52 
Eastman pH Indicators. 

Now, should you care to reveal 
to us that you are interested in pH 
indicators, do you know what we 
are going to do? We are going to 
send you ABSOLUTELY FREE a 
brand-new edition of our celebrated 
chart (suitable for framing) that 
shows the pH range and color 


ors and Recordak Corporation, our sub- changes of ALL the Eastman pH 
concept sidiary with offices at 415 Madison 
Avenue, New York 17, and branch develop, and from the lower side, green Pa gna 
t’s more, we'll not only send you 
many Offices in many other places, is the roots. At harvest time the farmers dhe all chide, 
al line pioneer in working out routines for dig up the new crop of rhizomes. — aise, if you like, send you a copy of our 
mises record-keeping through microfilm. These are then dried and milled to a new Eastman Organic Chemicals List 
Other organizations sell and service —_ yellow flour called turmeric, which —_No. 40, which catalogs some 3500 highly 
PUTTE our Kodagraph apparatus for mak- _is used to color the curries of India. On ee he —. 
n food ing or viewing microfilms in less Backintheolddaysalotofturmeric nan Organic Chemicals Department, 
lishes. specialized applications. went into leather staining, butchem- — Rochester 3, N. Y. (Division of 
. alkali One such, Micro Photo Inc.,4614 __ istry killed that off long ago. Eastman Kodak Company). 
chloro- Prospect Avenue, Cleveland 3, Some of the rhizomes do get Pe teed te 
> mon change without notice. 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


its divisions are... serving laboratories everywhere 
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POLAR 


GRAPH 


Trademark Reg. U.S. Pat. Off. 


MANUAL 


E. H. Sargent & Co., the manu. 


IEE 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 
(2) In those laboratories where a recording instrument is 
now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, through a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


facturer of Polarographs, offers 
three different Polarographs— 
the Model XXI Visible Chart 


Recording; the Model XII 


Photographic Recording, and 
the Model III Manual. 

The Model III Polarograph 
may be used in any phase of 
polarography, but it is partic. 
q ularly recommended for appli- 

i cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm. 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Graduations 
are extended 15 mm. at left for zero adjustment. A con- 
tinuous selection of bridge voltage from 0 to 3 volts is 
provided, and the selection of output voltage is by rota- 
tion of a single dial, this dial reading direct in millivolts 
per span volt. Current is calculated simply by multiplying 
scale reading by multiplier reading by sensitivity 
coefficient of galvanometer. To adjust galvanometer sen- 
Sitivity a ten position Ayrton galvanometer shunt is 
provided. Galvanometer sensitivity is approximately 
0.006 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle switch 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 

Another potentiometer incorporating a power switch 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum base 
and enclosed in a sheet metal housing provided with 
hinged top and finished in black enamel. All controls are 
mounted on a polished aluminum panel. 

S-29290 POLAROGRAPH—Manual, Indicating, Model 
III, Sargent. Complete with three dry cells, one gaivanom- 
eter lamp, one set cell lead wires, one calibrating resistof 
plug, 250,000 ohm, and cord and plug for connection 10 
standard outlets. For operation from 115 volt 5° or 6 
cycle circuits $425.00 


x ¢ $42 
S ARG E N SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS + SUPPLIES + CHEMICALS 


Catalog Wo. 100 


Yow 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, AM 
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‘CATION 


ELECTRODE POTENTIALS—Hydrogen Electrode 


Submitted by: Fred Y. Herron, University of Pittsburgh 
Checked by: F. B. Dutton, Michigan State University 


PREPARATION 


Provide a cell as illustrated: 400 ml. beaker, porous 
cup, zine electrode, platinized wire platinum electrode, 
hydrogen delivery tube and suitable supports. Cell 
contains 1 M HCl, porous cup 1 M ZnSOQ,. Connect 
electrodes to a high resistance voltmeter. Cenco No. 
82550 projection meter in projector will serve. 


DEMONSTRATION 


Close circuit to meter with hydrogen bubbling over 
electrode. Voltage readings very near theoretical will 
be observed. 0.76 in this case. 


REMARKS 


Other electrodes, e.g., Cd, Sn, and Cu can be sub- 
stituted with 1 M solutions of their respective sulfates 
or chlorides. Metals below H require a meter or 
potentiometer that draws less current. 
tions should be avoided. 


Nitrate solu- ° 


A, 400-ml. beaker; B, 1 M HCl soln; C, porous cup; D, 1 M 
ZnSQ, soln; E, zine strip; F, Hg contact; G, platinized Pt wire 
sealed in glass; H, hydrogen inlet; I, glass tube constructed to fit 
Pt wire loosely; J, connections to voltmeter. 
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CHEMISTRY IN PHOTOGRAPHY 


Submitted by: Saul S. Hauben, Brooklyn Technical High School 
Checked by: R. N. Hammer and J. H. Kinner, Michigan State 
University 


PREPARATION 
Prepare solutions 1 to 6 as indicated below. Provide five 
6-in. test tubes, a rack, two 10-ml. graduated cylinders, and one 
8-in. test tube painted black on the outside. Use stoppers when 
shaking test tubes. Darken room. Rinse cylinders after each 
use. Provide three developing trays, a good photographic 
tive, a printing frame, a light source (see below), and a 
supply of Kodak Velite paper. 


PREPARATION OF SOLUTIONS 

(1) NaCl solution: 18 g. NaCl per liter of distilled water. 

(2) NaCl solution with gelatin: 18 g. NaCl in 500 ml. of distilled 
water. Boil and pr 20 g. granular gelatin in small portions 
with stirring. Cool. Add a few crystals of thymol (pre- 
servative) and water to make 1 liter. If the solution gels 
when cool, immerse container in hot water for a few minutes. 

(3) AgNO, solution: 5 g. AgNO; per liter of distilled water. 

(4) Developer solution for test tube reactions: 2 packages East- 
man MQ Universal developer in 472 ml. water. 

(5) Developer solution for paper: 2 packages Eastman MQ 
Universal developer in 236 ml. water. 

(6) Acid stop bath: 17.5 ml. glacial acetic acid in water to make 

iter. 

(7) Fixing solution: 200 g. Na2S,0,°5H;0 in 1 liter of water. 


DEMONSTRATION 

(A) To 5 ml. of NaCl solution (1) in a 6-in. test tube add 5 ml. 
of AgNO; solution (3) and shake. Add 10 ml. of fixing solution 
(7) to dissolve the precipitate. 

(B) To 5 ml. of NaCl solution with gelatin (2) add 5 ml. of 
AgNO, solution (3) and shake. Dissolve the precipitate in 10 
. of fixing solution (7). 


(C) Pour 10 ml. of NaCl solution with gelatin (2) into a 6-in. 
test tube inserted into the black 8-in. test tube. Add 10 ml. of 
AgNO; solution (3) and shake. Pour half the suspension thus 
formed into another 6-in. test tube and expose to sunlight for 
1/, min. or 12 in. from a 100 watt lamp for 1 min. Shake inter- 
mittently. Add 5 ml. of developer solution (4), shake, and ob- 
serve for ‘1/2 min. Add 10 ml. of fixing solution (7). Note the 
insolubility of the black Ag deposit. 


(D) Add 5 ml. of developer solution (4) to the suspension 
remaining in the black test tube in (C). Shake for '/; min., 
remove from the black test tube and observe quickly. Shake 
with 10 ml. of fixing solution (7). When kept in the dark, 
AgCl formed in the presence of gelatin remains white even with 
developer added. Upon exposure for a moment, it does not 
darken and the fixing solution dissolves the AgCl colloid. If 
exposed longer, the AgC] would blacken. 

(E) To5 ml. of NaCl solution (1) without gelatin in a test tube 
inserted into the black test tube add 5 ml. of AgNO; solution 
(3). Shake and let stand '/2 min. Add 5 ml. of developer solu- 
tion (4). After ?/2 min., remove from the dark and examine. 
In the absence of gelatin, AgCl is reduced by developer even in 
the dark. Add 10 ml. of fixing solution (7). The black Ag is 
insoluble. 

(F) Place the dull side of a peti negative in contact 
with the shiny side of a piece of Kodak Velite paper in a printing 
frame and expose through the negative to a bare No. 1 Photo- 
flood lamp at a distance of 12 in. for 6 sec. or to a 100-watt tung- 
sten lamp in reflector at a distance of 8 in. for 20 sec. Develop 
the paper in a tray for 1 min. at 20° C. in developer solution (5). 
If the print is too dark, decrease exposure; if too light, increase 
exposure. Transfer the print to an acid bath (6) in a tray for at 
least 5 sec. and then to the fixing bath (7) in a tray for 5 to 10 
min. If the print is to be kept, wash at least 15 min. in running 
water. 
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PETROLEUM 


DISTILLATION 
APPARATUS 


SAVES SPACE 
EFFICIENT 
ATTRACTIVE and DURABLE 


Triple-Unit Distillation Apparatus, conforming to A.S.T.M. Stand- 
ards, D13, D86, D158, D126, D233, D285, D1447 and D850. The 
sturdy and fine-appearing double wall Condenser has an inner shell 
made of heavy Monel. Insulation is 1’ pressed cork, with an outer 
metal casing finished in baked hammerstone gray. 


Fitted with 3 nickel-plated brass condenser tubes, overflow tube and 
drain-cock. 

Outside dimensions of case, including insulated cover, are 22 1/4’ 
wide X 19 '/,’’ high X 151/2’’ deep. 


Can be supplied by your laboratory dealer complete 
with accessories, such as glassware, heaters, etc. 


For single units—specif y—156514 A, 156514C, 1565144G 


The sheet metal guard, also finished in gray 
hammerstone, has 3 asbestos-lined compart- 
ments with individual doors. The overall 
dimensions are wide X 11 deep, 
Supplied with three sets of three Monobestos 
boards with 1 '/,’’, 1/2’ and 4” openings, 


Specify 

#1566'/2A Triple-Unit Petroleum Distilla- 
tion Apparatus, consisting of insulated con- 
denser, trough and lid, asbestos-lined guard 
and Monobestos boards as described. 


#1566'/2C Triple-Unit Insulated Condenser 
and Lid only. 

ene Triple-Unit Asbestos-Lined Guard 
only. 


Condenser and Guard= 
shown without accessories 


Manufactured by WM. CO., INC. 
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Guard 


Volumetric Flasks Nos. 28010 (50 ml.); 
28010 (200 ml.); 28015 (100 ml.); 28015 (25 ml.). 


KIMBLE VOLUMETRIC FLASKS 


Every Kimble Volu- 
metric Flask is individ- 

ually retested. 
Calibration stand- 
ards used in the production of 
Kimble volumetric flasks are ten 
times more accurate than the pro- 
duced pieces must be—one more 
elective precaution to insure accu- 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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racy. Graduation lines are fine and 
sharp to permit easy and precise 
setting of the meniscus. 

Kimble flasks are sturdy, clear 
and highly polished. Low center of 
gravity provides maximum stability. 

All flasks are thoroughly annealed 
to increase mechanical strength. 
They are inspected in a field of 


polarized light to insure effective 
annealing. 

There is a Kimble glassware item 
available to fill every laboratory 
need. Your laboratory supply dealer 
is ready with complete information. 
Or write Kimble Glass Company, 
subsidiary of Owens-Illinois, Box 
1035, Toledo 1, Ohio. 


Owens-ILuINoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 
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Sporlights 
Analytical Selances 


H-2424 — Balance, Analytical, 
Sartorius “Selecta Rapid” model. 
Capacity—200 grams. Sensitivity 
—1/10 mg. Single Pan. No weight 
handling. Weights are an integral 
part of balance and are added 
by flick of external knobs. Re- 
quest bulletin SSR-1. 

Price $890.00 


H-1823— Balance, Analytical, 
Becker Model “AB-2.” Two Pan. 
Dial reading, chainomatic, with 
notched beam. Capacity — 200 
grams. Sensitivity—1/20 mg. Re- 
quest bulletin CBC-2. 

Price $449.00 


H-2130—Balance, Mikrowa. 
Large capacity—2Kg. Direct Read- 
ing to 50 grams. Rapid weighing. 
Request bulletin MFW-30. 

Price $660.00 


A Balance for every weighing ... and 

a Balance that will perfom the weigh- : 
ing to the accuracy required in 

the shortest possible time. Harshaw 

Scientific’s selection of balances has 

been chosen from the best available 

both here and abroad. Space permits 

only a very brief description. Please 

write for detailed information. 


H-1640— Balance, Analytical, 
Ainsworth “Right-A-Weigh,” Type 
S. Capacity—200 grams. Sensitiv- 
ity —1/10 mg. Single Pan. No 
weight handling. Features substi- 
tution weighing. Request bulletin 


ARA 200. Price $895.00 


H-2400— Balance, Analytical, 
Sartorius Projecta Rapid” Model. 
Capacity—200 grams. Sensitivity 
—1/20 mg. Two Pan. No weight 
handling up to 10 grams (weights 
up to 10 grams are built-in). Re- 
quest bulletin SPR-1. 

Price $645.00 


H-2440— Balance, Analytical, 
Voland Model 100. Capacity— 
200 grams. Sensitivity—1/10 mg. 
Request bulletin V-100. 

Price $115.00 


‘ing up our. complete line ‘including Micr« 


Gravity, ete. Write us y 


‘teles Branches and We 


Detroit 28, Mich. 
1945 East 97th St. Hubbell Ave. 
Cincinnati 13, Ohio Houston 11, Texas 
6265 Wiehe Road 6622 Row 


Supplying the Nation's Laboratories from 
HARSHAW SCIENTIFIC | 
a 
* 
mee H-2424 H-1640 forms al 
& tl 
H-2400 
These Balances are iust-a few of the many |Balc 
| HARSHAW SCIENTIFIC 
WwW | bosAngeles 22,Colif. 
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TEMPUNIT 


for water baths 


SELF-CONTAINED 


% pneumatic contro! system completely built in 
sensitive within +0.05°C 


dable—fails safe 
P ails 


% can circulate 1 liter per minute to external 
instruments 


stirrer has no submerged bearings 
 1,000-watt tubular immersion heater 
* easily attached to any container 

& INEXPENSIVE 


ALL IN ONE UNIT 


And for the single unit that per- 
forms all these functions the cost 
is only—No. CE123-45, each 


PNEUMATIC CONTROL—In the Tempunit, a bimetallic 
helical sensing element operates a unique pneumatic capsule, 
which receives its air supply through suction from the 


stirrer. A temperature indicator is attached to the end of 
the bimetallic helix. A differential within +0.05°C is 
attained over the entire range from room temperature to 
90°C (195°F) in a 4-gallon tank with no insulation. 


There are no fragile glass components in this control 
system, and no electronic tubes to replace. Pneumatic 
control is inherently safe. If damage is done to the cir- 
culating system, or if overheating- should occur, the con- 
trolling diaphragm collapses and the heater is switched off. 


CAN CIRCULATE 1 LITER PER MINUTE TO external in- 
struments such as refractometers and viscosimeters while 
closely controlling an uninsulated 4-gallon water bath. 
Suction from the 6-bladed stirrer produces the circulation. 


STIRRER HAS NO SUBMERGED BEARINGS: End thrust 
from the stirrer is absorbed by a magnetic thrust bearing. 
Vertical mounting of the motor reduces to a negligible 
value the load upon its bearings, which are oil-impregnated. 
The shaded pole, !/2-HP motor is brushless and fan-cooled. 
It is constructed for continuous operation of the stirrer. 
For 115 volts, 60 cycles AC. 


1,000-WATT IMMERSION HEATER is of the tubular type 
wound in the shape of a helix. The stirrer rotating inside 
the heating coil effectively dissipates-heat. A magnesium 
oxide insulation makes the heater capable of operating at 
temperatures far above the range of the Tempunit. Large 
capacity of the heater enables rapid heating of water bath 
from room temperature to set point without excessive over- 
shoot. 


EASILY ATTACHED TO ANY CONTAINER, small or 
large, by rubber-cushioned clamp. Weight of the Tempunit 
is only 5'/: lbs, and its overail length is only 10’. Case 
dimensions are 5!/2” X 41/2” X 31/2". 


See our exhibit at the Pittsburgh Conference 
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ARTHUR S. LaPINE and COMPANY <:: 


LABORATORY SUPPLIES @ EQUIPMENT @ REAGENT AND INDUSTRIAL CHEMICALS 


SOUTH KNOX AVENUE 
CHICAGO 29, ILLINOIS, U.S.A. 
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4 SAUNDERS BOOKS for your selection 


Brooks— 
Basie Facets of General Chemistry 


Here is an ideal text for any short course in general chemistry. It covers 
the facts simply yet scientifically, enabling the student to understand the 


material without extra explanation. Chapters 1 
through 5 present the essential concepts and me- 
chanics of inorganic chemistry—covering structure 
and behavior of matter, the molecule, formula, reac- 
tion and equation, etc. Chapters 6 and 7 apply the 
facts of the foregoing chapters to important elements 
and their compounds. Chapter 8 demonstrates the 
value of arithmetic in dealing with chemical problems. 
The next two chapters cover the principles and appli- 
cations of colloidal chemistry and the cardinal facts 
of organic chemistry. Chapter 11 is a synopsis of the 
chief biochemical reactions in physiology and the last 
chapter gives an up-to-date discussion of the status of 
nuclear chemistry. 

By STEWART M. BROOKS, Ph. G.. BS. BS. MS; Instructor in the Sciences, 


School of Nursing, Muhlenberg H eld, New Jersey. 354 pages, 
X 8”, illustrated. $4.75. 


Brooks—Seleected Experiments 
In General Chemistry 


This manual will accompany any basic 
chemistry text. The experiments have 
been carefully selected and tested to illus- 
trate and enliven the basic concepts of an 
elementary course in general chemistry. 
28 superb illustrations help the student set 
up the equipment and save the lab instruc- 
tor much time in explanation. 


113 pages, 534” X 8”, illustrated. $2.00. 


Gladly sent to teachers 
for consideration as texts 


Routh— 
20th Century Chemistry 


Ideal for introductory courses in chemistry this prac- 
tical book explains the principles of the subject and 
points out their applications in everyday life. In- 
organic chemistry, organic chemistry and biochemistry 
are clearly covered in a straight forward, easy-to- 
understand style. Numerous illustrations add interest 
and depict such applications to chemistry as household 
furnishings and appliances, foods and sanitation, 
medicine and health. Questions at the end of each 
chapter enable the student to differentiate between 
major and minor points and also serve as a convenient 
and excellent review. It is a comprehensive manual 
for those not planning to continue on with a chemistry 
major. So skillfully has the subject been covered that 


the presentation is thoroughly understandable even to students who have 


never before had a course in science. 


By JOSEPH I. ROUTH, Ph.D., "* artasaee of Biochemistry, State University of lowa. 564 pages, 6” X 


, with 28 88 illustrations. $5.7 


Routh—Laboratory 
Manual of Chemistry 


Here are 104 clear-cut experiments which 
illustrate in the simplest way possible the 
fundamentals of chemistry—inorganic, or- 
ganic and biological. The experiments 
follow the same sequence as the textbook 
chapters. Ample space is allowed for re- 
cording results. 


109 pages, 534” X 734”, illustrated. $1.75. Third Edition. 
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For retention values at a glance... 
S&S FILTRATION CHART 
Here is complete data on the relative reten- 
tion values of S&S Analytical Filter Papers 
and other brands, in convenient form for 
ready laboratory reference. . 
This easy-to-read, desk-size chart shows at 
a glance which filter paper grade to use for 
a given analysis. 
| You'll want one of these valuable, time- 
saving S&S Filtration Charts. To get yours, 
just fill out the coupon below, and mail. 
ch 
he 
its 
ok 
e- For the Bacteriologist and Chemist... 
Here is a 4-page folder giving 
detailed information and 
pe instructions regarding the use 


of membrane filters, including 
technique for sterilization, 
filtration, and cultivation. 

The folder describes the new 
S&S “Bac-T-Fiex”* flexible 
membrane filter, with the 
larger-sized green grid designed 
for easier and more accurate 
counting of bacteria colonies. 
Send for your free copy. 


*“Bac-T-Flex”’ is a trademark 


YOURS FREE 


So you may try the finest... 
S&S FILTER PAPER SAMPLER 


To acquaint more chemists with the advan- 
tages of S&S Analytical Filter Papers, we 
invite you to mail the coupon for a free 
sampler made up of many grades. 

S&S Filter Papers are known for their con- 
sistent accuracy, physical uniformity, and 
a wide range of types from which to choose. 
If you demand only the finest working tools, 
send for your S&S Filter Paper Sampler. 
Make your own tests. Compare. 


Carl Schleicher & Schuell Co. 
Dept. A-94,Keene, New Hampshire 


Please send your free S&S 
CD Filter Paper Sampler 
Filtration Chart Membrane Filter Folder 


Name 


Company. 
Address. 
City. State 
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Would Ben Frenklin have settled for less than (pyre 


és Pat. 
Dr. Franklin had a simple but effective method for wringing the last drop of 
buying power out of a budget dollar. 
He wrote down all the advantages and disadvantages of taking a certain action. 
With all the facts in front of him, he was sure to make the right decision. 
Should Dr. Franklin be buying labware today, his list on PYREX brand _ 
well look like this: 


Advantages of PYREX labware 
1. Less, much less, breakage. Shows heavier construc- 
tion, especially at joints, lips, and other stress points. 
Next two properties save breakage too. 


5. Complete line. Having all glassware made of exactly 
the same glass gives me better test control. I can get all 
the different glassware I'll ever need with this a) 


2. Takes heat, sudden temperature changes. I can sub- Disadvantages 


ject this glassware to sudden temperature changes with- 
out damaging it. Its coefficient of expansion is only 
0.0000033 per ° C. between 0° and 300° C. 


3. Chemically stable. PyREx brand labware resists al- 
most all common acids and alkalies. 


4. No contamination. Contains no elements of the mag- 
nesia-lime-zinc group. No heavy metals. Low alkali con- 
tent. Result: No contamination of contents even over 
long storage periods. 


Try it yourself. Make your own “advantage-disadvantage” list 
on Pyrex brand labware. Might make your dollars work 
harder too. 

Might be easier if you use our Standard Labware Catalog 
LP36 and our Special Apparatus Catalog CA-2. Send for copies. 


(rma) PYREX’ 


Als 


1. On some items Pyrex brand labware costs a bit more. 
However, in terms of value and breakage, I can actually 
save money over the long run. 
2. Some reagents—hot HF, for example—do affect this 
(as well as other) glasses. But it’s perfectly adequate 
for about 99.9% of my work. 
Conclusion: Dollar for dollar, I’ ul get more for my money 
if I look for this trademark whenever I buy glass- 
ware. 


laboratory ware 
... the tested tool of modern research 
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CORNING GLASS WORKS 
a 76-1 Crystal Street, Corning, N-. Y. 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


our firm or Institu- 


portable, movable laboratory has been 
developed by Kewaunee Mfg. Co., Adrian, 
Michigan. The Flexilab was designed to 
facilitate the maximum in science demon- 
strations at the elementary and high school 
science levels. Since the usual fixed, 
expensive mechanical service lines and 
electric conduit are not required for the 
Flexilab, it may be used and shared by all 
classes in all departments. 

The following accessories are supplied 


sink (with strainer), duplex 110 volt a.c. 
electric outlet with twist lock fitting for 
extension cord (extension cord not in- 
cluded), one gallon polyethylene water 
carboy (with tygon water connection), one 
gallon polyethylene waste carboy (with 
tygon waste connection), one set of 
removable */, in. dia. Duralumin support 
rods with */, in. dia. Duralumin cross rod 
and clamps and one set of removable !/2 
in. dia. Duralumin burette rods. 


unique, self-lubricating property of the 
Teflon provides ‘“non-freezing” operation 
while maintaining a leakproof seal. 


>A new electronic infrared analyzer, 
designed to fill the need for a moderately- 
priced instrument for most continuous- 
flow chemical analysis problems, is 
announced by Mine Safety Appliances 
Co, 201 N. Braddock Ave., Pittsburgh 8, 
Pennsylvania, 


or vapor retardation by as much as 75%. 
nown as Agile Mini-Vaps, the barriers 
are in essence expanded polyethylene mini- 
ature floats containing thousands of tiny 
— cells for buoyancy and light weight. 
hey exhibit the outstanding chemical 
and solvent resistance of polyethylene, 
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and in roughest use, cannot be punctured 
or broken. 


p> New silicone-base grease designed to 
resist leakage at elevated temperatures 


and prevent glass joints and stopcocks 
from freezing has the name Hi-Tem-Vac. 
and is available from Glass Engineering 
Laboratories, 560 O’Neill Ave., Belmont, 
California. 

p> A new two-stage Colloid Mill has just 
been announced by Manton-Gaulin Mfg. 
Co., Inc., of Everett 49, Massachusetts. 
it features a special RE (pat. applied for) 
design, incorporating removable rotor, 
stator and rotary shaft seal. This is said 
to simplify operating, speed changeover 
and cleaning and eliminate shaft leakage. 


> The Incubaril, a small incubator 
designed for laboratory and clinical use, 
will fit on any table or hang on the wall. 
It weighs only 6'/2 lb., yet has 5 shelves 
and can accommodate 10 culture dishes 
or 54 test tubes. Available from Instru- 
mentation Associates, 17 W. 60th St., 
New York 23, N. Y. 


p An entirely new Anaerobic incubator, 
which grows strict anerobes and aerobes 
with accurate control of gases and vari- 
able pressures, has just been introduced 


flexible 


TUBING 


PLASTICS AND 
SYNTHETICS 
DIVISION 


Handles every laboratory application 
Y Glass-like transparency for visual control 
¥ String-like flexibility for easy handling 
¥ First choice of laboratories the world over 


AKRON 9, OHIO 
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> with the Flexilab: rocker gallery pump 
cold water fixture, stainless steel cu 
all revolutionary new stopcock which re- 
tomary glass plug has been replaced by 
4 precision-machined Teflon plug. The 
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» Evaporation losses annually rob Amer- : 
an industry of millions of dollars, much 
of which could be saved through preven- 
RKS Sy means. As a solution to this prob- 
NY. a the American Agile Corp., P.O. Box ’ 
a * Bedford, Ohio, has announced an 
evaporation barrier specifically designed 
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FREE Samples of 
E-D FILTER PAPER 


for EXPERIMENTS IN 


CHROMATOGRAPHY ... 
E-D grade No. 613 


ELECTROPHORESIS... 
E-D grade No. 301—85 Ib. 


QUALITATIVE ANALYSIS... 
E-D grades Nos, 613, 615 


E-D FILTER PAPERS are qualitative—non-acid washed—of low ash con- 
tent—neutral and substantially free of solubles. They are produced here, 
at Mt. Holly Springs, from carefully selected materials, under strict labora- 
tory supervision. They enjoy an international reputation for dependable 


uniformity. 


E-D scientific filter papers are available in . . . 
SHEETS . . . sizes 20” x 20” and 1844” x 221%”. 

ROLLS . . . 6 ft. long widths of 44”, 1” or 114”. 

CIRCLES .. . from 4.0 to 101.5 cm. 

Or in special sizes and shapes, cut to individual specifications. 


Your dependable E-D distributor will gladly supply you with free samples 
. . . Or, you can write directly to this office. 


THE EATON-DIKEMAN CO. 


FILTERTOWN 
MT. HOLLY SPRINGS + PENNSYLVANIA 


Since 1890, the only Company in America exclusively devoted to the manufacture of filter 
paper for science and industry. 
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by National Appliance Co. of 7634 S. W. 
Capitol Highway, Portland, Oregon. 


» Outer ground glass joints of a new 
design have been introduced by the 
Kontes Glass Co., Vineland, New Jersey. 
A constant outside diameter throughout 
the entire length of the joint (except for 
top reinforcing bead) faeilitates clamping 
and imparts greater strength according to 
the manufacturer. 


» Process-control engineers now have an 
entirely new, and exceptionally depend- 
able way to analyze industrial gas streams, 
according to John F, Bishop, General 
Manager of the Scientific Instruments 
Division, Beckman Instruments, Inc., 
Fullerton, California, announcing the 
introduction in December of the first 
continuous gas chromatograph designed 
specifically for industrial processes. 


» A new line of Temco flask heaters has 
been announced by Thermo Electric Mfg. 
(Co, An economical design feature per- 
mits the same flask heater to be used for 
several different sizes of flasks. Model 
500 will accommodate flasks of 250, 300 
land 500 ml. in both round and flat bottom. 
Model 2000 holds both 1000 and 2000 ml. 
flasks, Both models have a top tempera- 
ure of approximately 1000°F. 

The flask is 
cradled in a cor- 
rosion resistant 
Monel mesh bas- 
ket suspended 
within a_heat- 
ing chamber. 
Heat is trans- 
ferred to the 
lower half or the 
flask by radia- 
tion and by a 
blanket of heated 
air. The de- 
sign of the heat- 
ing chamber and 
placement of the 
element distrib- 
te the heat evenly to minimize the pos- 
ibility of “bumping.” Interchangeable 
basket sections lift out to change to the 
ize of flask desired. 

Temeo Flask Heaters may be operated 
ith a Powerstat or similar controller or - 


Additiona! information may be obtained 
py writing the manufacturers at 471 Huff 
t., Dubuque, Iowa. 


A photometric precision instrument, 
hich accomplishes the accurate measure- 
hent of extremely thin film thicknesses 
© the order of molecular dimensions, 
reclse within a few Angstroms, has just 
ven marketed by Quantum, Inc., 756 N. 
prooksvale Rd., Cheshire, Connecticut. 


A new ultra-fine method of water filtra- 
on has been announced by the Barnstead 
till & Demineralizer Co., Lanesville 
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Terrace, Jamaica Plain, Boston 31, 
Massachusetts, which because of its high 
flow rates opens the door to crucial appli- 
cations in the electronic, nucleonic, and 
pharmaceutical fields. The new Barn- 
stead MF Submicron Filter is effective in 
filtering out particles as small as 0.000016 
inches, thus making it possible to elim- 
inate production problems in the manu- 
facture of transistors, charactron tubes, 
in reactors and their components, in 
pharmaceutical industry and other poten- 
tial applications. 


> A new mechanical counting device, 
developed to replace dial gauges on all 
styles and models of the Gilmont Ultra- 
Microburets and Pipets, has recently 
been introduced by the Emil Greiner Co., 
20-26 N. Moore St., New York 13, N. Y. 


NEW LITERATURE 
@ Burrell Bulletin No. 832, available from 


the Company, 2223 Fifth Ave., Pitts- 
burg 19, Pennsylvania, offers a series of 
new connecting and valving devices for 
use in the gas, vapor and liquid flow sys- 
tems of Burrell chromatographic and other 
analytical instruments. 


@ Thirty-eight widely used carbon-14 
compounds are listed in a new catalog 
available from Volk Radio-Chemical Co., 
5412 N. Clark St., Chicago 40, Illinois. 


@ A new, revised 17'/, X 22'/: in. X-ray 
Spectrograph Chart showing characteris- 
tic secondary X-ray beams for elements 
from Magnesium (Atomic #12) to Cali- 
fornia (Atomic #98) is available gratis 
from the Instruments Division, North 
American Philips Co., Inc., 750 8. Fulton 
Ave., Mount Vernon, New. York. 


(Continued on Page A23) 
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process 
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SAFELY 
EFFICIENTLY 
ECONOMICALLY 


with the 


KEWAUNEE 


e Ideal for analyses, handling radio-active 
materials, organic preparations, biological 
work. 

e Enclosed work space provides maximum 
personnel safety. Remote handling devices 
available. 

e Extreme flexibility—units may be used 
singly or in connected groups. 

e Save space—units are small, compact, 
portable. 

© Save operating costs—lower power re- 
quirements for blowers, heating and cooling. 
e Accessories available to meet changing 
requirements. 


* Chemical Biological Radiological 


| 


Free Catalog. Write for your copy of “The CBR 
System’’—required reading for research and 
industrial laboratories. 


5014 S. Center St., 


Aewaunee Mfg. Co. 


J. A. Campbell, President 
Adrian, Mich. 
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STANDARD SCIENTIFIC proudly presents 
The OHAUS LINE of BALANCES 


TRIPLE BEAM BALANCE 


atings 

vacuum | 
seful in 
engineer: 
pssing 


BEAM CALIBRATIONS TOTAL CAP. ve SENSI- MODEL | PRICE ve omplete 

FRONT | REAR CENTER CAP. ATT. x TIVITY NO. ATT, 1 ratalog 

= 0.1 x 10 100 C17502 $19.15 igh Va 

ram ram ram ram rams ram by F. J. 

ning 14/64 4 x01 | 16x17 | 1b. | C17510 | $25.10 | 

our entire line is our high capacity, 400 4000 x 5000 x 700 6100 1 C17501 | $35.00 Jarrel! 

sensitivity Triple Beam Balance. Agate ear: Grain 100 Gn. | 1000 Gn Grain Grain Grain , ille 60 

ings, stainless steel beams and plates are : lletin’ 

among the many fine features. With purchase ATTACHMENT WEIGHTS ” ard fi 

with removable stainless steel pan or re- Value 500G_| 1000G 1 Ib. 2 Ib. 5000 Gn. _| 10,000 Gn. 

movable scoop. List Price $.95 | $1.55 $.95 $1.55 $.95 $1.55 A nev 

or mor 

hemica 

ion Proc 

man Ko 

40th edit 

with nat 

hemica! 

HARVARD TRIP BALANCE 

weights, 

pach org 


; BEAM CALIBRATION | STANDARD | CAPACITY | SENSITIVITY | MODEL NO. | LIST PRICE nae 
200 x 10 gram ucts Indi 
i 10 x 0.1 gram Metric 2 Kg. 0.1 g. C17180 $22.80 
# Model C17180 900 x 10 A nev 
For years the recognized leader, Ohaus 10 Metric 2 Kg 0.18 C17190 $26.75 praphic 
Harvard Trip Balances feature self aligning Undivided Tare 160 g ested use 
rs ams, hollow ground steel pivots and many 10 x &% oz.* 52 D 
? other fine features. Any of the models 1x “3 oz. Avd. 5 Lb. -01 oz. C17182 $27.80 om 
glass plates, removable stainless steel pans x }9 oz. 
2, 
TM or 


Bt., Phila 


New | 
istributi 
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with seco 


INDUSTRIAL BALANCE 


wis BEAM CALIBRATION STANDARD ‘CAPACITY | SENSITIVITY | MODEL NO. 
Model €17256 1000 x 0.5 gm. Metric 5 Kg. 0.5 9. C17956 


acture. 
ansdale, 


_UST PRICE 


Pyroco 


STANDARD SCIENTIFIC 


Supply Corp. 


808 BROADWA 
NEW YORK 3, N. 


AND 


LABORATORY 
APPARATUS 


REAGENTS 


CHEMICALS 
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The Oheus Industrial Balances offer fast 

accurate weighings with long service life. . 0.5 C17252 $85.00 with a pu 

: which permits weighings from 0.5 to 1000 100x1G Metri 5 Ka. 0.54. at 325-35 

grams without the use of loose weights. All &4 Oz. & 11 1b ad. C17254 | $82. 50 | Baking, it 
stainless steel plates, removable brass scoop practicall: 

or removable pans 9” dia. Tare capacity *Do not have Micrometer Poise. 
200 Fifth 
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Basket 


The recently increased performance 
stings Of Stokes rotary mechanical 
vacuum pumps, as well as a wealth of other 
seful information that will be helpful to 
engineers confronted with vacuum proc- 
pssing problems, are contained in a new, 
ompletely revised edition of the 28-page 
ratalog on Stokes Microvas Pumps for 
igh Vacuum which has just been issued 
by F. J. Stokes Corp., 5500 Tabor Rd., 
Philadelphia 20, Pennsylvania. 


Jarrell-Ash Co., 26 Farwell St. Newton- 
ille 60, Massachusetts, has available a 
bulletin on their new Seidel Calculating 
Board for evaluating photometric data 
rom spectrographic films and plates. 


A new 224-page catalog and price list 
or more than 3500 Eastman Organic 
hemicals has been issued by Distilla- 
ion Products Industries Division of East- 
nan Kodak Company. Listings in this 
40th edition of the catalog are alphabetical 
with names largely in accordance with 
‘hemical Abstracts nomenclature. Pu- 
ity classifications, formulas and molecular 
weights, and package sizes are listed for 
pach organic chemical. Copies of East- 
an Organic Chemicals List No. 40 are 
available on request to Distillation Prod- 
icts Industries, Rochester 3, N. Y. 


| PRICE 


A new journal devoted to Chromato- 
graphic Methods is now available to inter- 
psted users of these techniques. Contact 
he editor at H. Reeve Angel & Co., Inc., 
p2 Duane, St., New York 7, N. Y. 


The midget edition of standard spectra 
n complete sets, printed three to a page 
pn 8'/. X 11 in. sheets and indexed by 
ASTM on IBM cards is now available from 
Sadtler Research Laboratories, 1517 Vine 
St., Philadelphia 2, Pennsylvania. 


New Bulletin #170 now available for 
listribution describes the unusual design 
eatures of the new Transmitters for 
Brooks Rotameters. They can be used 
with secondary instruments of any manu- 
acture. Write Brooks Rotameter Co., 
ansdale, Pennsylvania for your copy. 


) Pyrocon is a non-drying plastic material 
th a putty-like consistency that can be 
baked in 15 minutes in an ordinary oven. 
ht 325-350°F. Permanently pliant before 
baking, it becomes as tough as hard rub- 
ber after baking, slightly resilient and 
practically unbreakable. Information can 
e obtained from the Transogram Co., 
P00 Fifth Ave., New York 10, N. Y. 


Schwarz Laboratories, Inc., 230 Wash- 
ngton St., Mount Vernon, N. Y., an- 
ounces that seven new biochemical 
preparations are now commercially avail- 
ble for the first time. The new addi- 
tons to the Schwarz list include: N- 
cetyl DL-Homocysteine Thiolactone, 
ysteinyl Glycine, and the radioactive 
ompounds, Inosine-8-C', Xanthine-8- 


(Continued on Page A24) 
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Welch GENERAL PURPOSE 
ELECTRIC STIRRER 


S. 


INDUCTION TYPE MOTOR 


Watt-Type Governor 
Stabilizes Speed 


@ Uniform Power Output 
Eliminates Rheostats, Gears, or 


Friction-Drive Discs 


@ Thrust Ball Bearings Insure Long life, 


Continuous Running 


$47.50 


No. 5230 


60 cycles, 115 volts A.C. 


5230. ELECTRIC STIRRER, Sparkless. 
Complete with 6-foot connecting cord, line 
switch, and plug. For operation on 50 or 
Each $47.50 


5230A. ELECTRIC STIRRER, kiess, 
for 230 Volts, A.C. Consists of No. 5230 
Stirrer equipped with a step-down trans- 
former to permit operation on 230 volts 50 
or 60 cycles A.C. Each $59.75 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. A-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


BURRELL 


“For Scientists Everywhere” 


New! 


COMPACT SIZE 


Only 24” x 16” x 13” 


BUILD-UP DESIGN 


Accessories can be 
added to basic unit 


NEW LOW PRICE 


KROMO-TOG® 


For Gas and Vapor-Phase 
CHROMATOGRAPHY 


© Routine Analysis in 

Any Laboratory! 
© Process Control in 

Manufacturing ! 

Bench or panel-mount anywhere . . . uses 
metal columns of various lengths . . . 
analyzes gases or liquids, even liquids 
boiling up to 300°C. 

Fractions collected easily, individual 
temperature control of cell and columns, 
finest detector cell available and other 
exclusive Burrell features. You'll get un- 
expected accuracy and thoroughness far 
faster than ever before. 


Cat. No. 340-30 — $695. for Basic Unit ¢ Ask for Bulletin 831 


F. O. B. PITTSBURGH, PA, 


© Trademark 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


" OF THE | 
| 
| 
| | 
EW 
5.10 | 
35.00 
7565 
100 Gn, 
1.55 
| | | 
6.75 | 
. 
7.80 | UNIVERSAL MODEL K-3 
| 
| 
| 
| 
15.00 
| 
i 
ey 
A23 


Tube Furnaces 
Designed for Precision Testing 


The Hevi Duty Combustion Tube Furnace is a complete 
unit ready for use. All the temperature control and indicating 
devices are located in the furnace base. A tap-changing transformer 
equipped with two selector switches offers you 48 steps of tem- 
perature control. This design allows close temperature regulation 
and means savings in power and maintenance. An indicating 
pyrometer and ammeter are mounted for easy observation. 
Easily replaceable Silicon Carbide heating elements above and be- 
low the ceramic tube provide a uniform heat throughout the 12” 
chamber. Tubes of 1” to 2” O.D. may be used by substituting 
end plugs. 


Send for details in 


TEMPERATURE Bulletin 254. 


ro 2600" 


ZONE TEMPERATURE CONTROL 
Extra versatility is offered by Tube 
Furnaces with two or more zones of 
control. These furnaces are built in 
the sizes to fit your needs. 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC EXcLUsivELY 
MILWAUKEE 1, WISCONSIN 


* seven C methyl groups uniformly 4 


OUT OF THE 


Edttor's Sack 


— 


Xanthylic Acid-8-C', Xanthosineg. 
and Inosinic Acid-8-C™, 


@ Copies of the following Bulletins ap 
available by writing to Farrand Optica) 
Co., Inc., Bronx Boulevard and Easy 
238th Street, New York 70, N. Y.; No, 
803R Photoelectric Fluorometer, No, 
811R Grating Monochromators aid No, 
820 Spectrofluorometer. 


MISCELLANY 


* “Precision Tools in Bottles’ is a 10. 
minute 16-mm sound-color film which 
stars those high purity reagents that are 
so vital to modern research, quality con. 
trol, technology and clinical science. 
Available from Fisher Scientific (Co, 
309 Fisher Building, Pittsburg 19, Penn 
sylvania. 


% A fascinating 26 minute sound film 
called “Insects Astray” is now being 
offered without charge by the Mitin Dept, 
Geigy Dyestuffs, Ardsley, N. Y. 


* “The Petrified River—The Story o 
Uranium” is the title of a new motion 
picture sponsored by Union Carbide an 
Carbon Corporation in cooperation with 
the United States Bureau of Mines, 4801 
Forbes St., Pittsburgh, Pennsylvania 
This 16-mm color and sound film has 
running time of 28 minutes. The film} 
available from the Bureau, covers th 
story of uranium in the United State 
from prospecting for ore to the peacef 
uses of atomic energy and radioisotopes. 


% The Air Force has assigned New York 
University engineers and scientists thq 
unique problem of handling human waste 
in space ships, a condition that must b4 
controlled before such travel is possible 
Toxicity and impossibility of discharging 
from the ship are factors that make thi 
situation incomparable to ordinary tec 
nological problems. 


% The amazing story of two successu 
research team’s work on the elucidation 
the structure of glucagon, a protein ob 
tained from the pancreas and the anti 
biotic, erythromycin, has been revealed by 
Eli Lilly and Co. 

A two-year study by Lilly biochemis 
on the hyperglycemic-glycogenolytic fs 
tor of the pancreas shows that glucago 
is comprised of 15 different amino acids i 
a single chain that includes some duplie 
tion so that there are actually 29 ami 
acid units in the chain. 

The team of organic chemists fou 
that the erythromycin molecule was com 
pletely saturated, that it had 19 asym 
metric carbon atoms, that there were 104 
methyl groups and that the central eryt! 
ronolide ring is not normal for know 
natural products for they are arranged! 
seven neat packages of three each wit 


tributed on the ring. 
Such pure research on the part o 
pharmaceutical firm is noteworthy. 
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Story of In this new 1956 Edition of the Schaar 
sey Chromatography Catalog, you have the 
ition with most complete range of equipment, 
nearer accessories and chemicals used today in 
im he chromatographic analysis. The very lat- 4 
fos - est apparatus is presented in addition to chromatography 
ted standard materials. The new Schaar 
hy Catalog AC-56 provides a single, com- 


plete source for all chromatographic electrophoresis 
| cquipment 


New Yor 


must 04 

s possible 

lischarging 

nary tee NEW Catalog FEATURES: 
successfu 

cidation Round Jar Set-Ups % Tube Set-Ups 

rotein ol Solvent Assemblies Ultra-Micro Pipettes 

| the anti Stainless Steel Clips Indicator Spray Bottles 

evealed by Chromatographic Cabinets Chromatogram Drying Oven 
Chromatographic Tubes Filter Papers 

ee Cellulose Powders % Fraction Collectors 

: pe % Solvents, Chemical Absorbents and % Chromatogram Attachments for 
* acids i lon-Exchangers Spectrophotometers 

ne duplie % Sample Applicator % Electric Desalter 

- 29 ami Electrophoresis Apparatus — % Distillograph 

Densitometers % Ultra Violet Lamps 

ists fou Support Racks 

com New Items not listed in 1st Edition. 

» were 104 


<a Write Today For Your Copy of SCHAAR CATALOG AC-56. 
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Stainless Steel TRIPLE-BEAM BALANCE 


High Sensitivity - Corrosion-Resistant - Economical 


Fast, Accurate 
Weighing 


Capacity 111 grams 
(201 grams using auxiliary weight) 


SENSITIVE TO 
0.01 gram or less 


¢ 3 Graduated Scale Levels 


¢ Hard, Cobalite Knife Edges 
¢ Grooved Agate Bearings 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed of one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment—which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked, 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and 
bearings experienced in other balances has been 


sharply reduced by making the knife-edges of Cobalite, 
a very hard, non-rusting metal which retains its orig- 
inal true edge for an exceptionally long time. The 
grooved agate bearings are designed and protected in 
such a way that they are rarely damaged. Yet they 
are readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in l-gram 
notched steps, and the front scale to 1 gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina- 
tions, and which may also be used to hold the pan 
from swinging during transportation, is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10'/2 inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 100- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 


ance. Each, $1.50 
4030C. PLASTIC COVER,. For No. 4030. 
Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880—————- 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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SEMIMICRO QUALITATIVE ORGANIC ANALYSIS 


Second edition, completely rewritten, re- 
organized and expanded. 


By NICHOLAS D. CHERONIS, Professor 
of Chemistry, Brooklyn College, Brooklyn, 
N. Y., and JOHN B. ENTRIKIN, Professor 
of Chemistry, Centenary College of Louisi- 
ana, Shreveport, La. 


The additions, revisions, and reorganization of this book have increased 
its usefulness both to students and experienced workers. It can be used with 
the ordinary equipment available in all colleges and organic laboratories. In 
addition, it includes techniques for small-scale work (semimicro and, in 
some cases, micro). The Tables of Compounds and Derivatives have been 
greatly revised and expanded. The number of exercises and problems, as 
well as bibliographical references, have been greatly increased. 


1957. 788 pages. Textbook Editon: $7.00. Regular Edition: $9.00 


MICRO AND SEMIMICRO METHODS 


By NICHOLAS D. CHERONIS, Chairman, 
Department of Chemistry, Brooklyn Col- 
lege, Brooklyn, N. Y. With contributions 
by A. R. RONZIO, Los Alamos Scientific 
Laboratory, and T. S. MA, New York Uni- 
versity. (TECHNIQUE OF ORGANIC 
CHEMISTRY, Voiume VI, edited by 
ARNOLD WEISSBERGER, Eastman Ko- 
dak Company, Rochester, N. Y.) 


1954. 650 pages, 220 illus., 28 tables. $12.00 


This book was designed to give a critical and practical review of the 
microtechniques of preparative and analytical organic chemistry for the 
research worker and the advanced student. 

“There is great emphasis on instruction in the methods, with a wealth of 
clear and useful illustrations on apparatus . . in this volume. Much 
interesting discussion is given to neat preparative methods on a small scale— 
this may well provide basic training in organic chemistry for the coming 
groups of chemical engineers.”—E. A. Steck in CHEMICAL ENGINEER- 
ING 


AN INTRODUCTION TO MODERN ORGANIC ANALYSIS 


By SYDNEY SIGGIA and HANS J. STOL- 
TEN, Central Research Laboratory, Gen- 
eral Aniline and Film Corporation, Easton, 
Pa. 


1956. 258 pages, 71 illus., 8 tables. $4.50 


This book is the outgrowth of a series of lectures, delivered by the senior 
author, with great acclaim, to a number of academic and industrial organ- 
izations. It can be used as a textbook. Chemical and instrumental approaches 
are surveyed, and the basic principles of each approach, the type of infor- 
mation yielded, and the use of this information are discussed. Testing ex- 
periments are given, with the full operating details where possible. There 
are also problems, with numerical answers where appropriate. 


TEXTBOOK OF POLYMER CHEMISTRY 


By FRED W. BILLMEYER, Jr., E. I. du 
Pont de Nemours ¢ Company, Wilming- 
ton, Delaware. 


1957. 526 pages, 185 illus., 49 tables. $10.50 


PHYSICAL CHEMISTRY 


By A. J. RUTGERS, University of Ghent, 
Belgium. With a Foreward by P. DEBYE 
and an Appendix, “The Physical Chemistry 
of High Polymers,” by T. ALFREY, Jr. 


1954. 824 pages, 137 illus., 92 tables. $8.50 


This is the first textbook giving complete coverage of the physical chem- 
istry as well as the organic chemistry of polymers. It covers the preparation 
and properties of plastics, fibers and elastomers, and is up to date through 
major advances made in 1956. 


“If any physical chemistry book can be called a work of art, certainly this 
text qualifies. In one volume Rutgers covers the entire subject . . . The 
order of presentation is conventional but the writing is unique. The author 
has written this book to be read.”—George F. Lindholm in THE VORTEX 


INTERSCIENCE PUBLISHERS, INC. 
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course.” The attempt is to present a 
series of experiments that will serve as the 
fundamental framework of a course in 
general chemistry. No pretense is made 
to cover every possible topic. The author 
states that the manual has been planned 
for a course taken by serious science 
students; for those who have a reasonable 
background of high-school courses in the 
physical sciences and an adequate mathe- 
matical preparation. To accomplish these 
objectives the author early and continually 
emphasizes the fundamental chemical 
units of quantity (gram atoms, moles and 
equivalents) and the units of concentra- 
tion of solutions. 

This new edition follows the same 
general plan and format as the first edition, 
but a number of desirable rearrangements 
and several new experiments have been 
added. One such rearrangement is the 
section on laboratory manipulations which 
is used as a reference section rather than 
as the first experiment. One of the new 
experiments is the determination of molec- 
ular weight by freezing-point depression. 

Each experiment is introduced by a 
‘Review of fundamental concepts” which 
very adequately explains the principles to 
be studied. A special section on principles 
of ionic equilibria introduces qualitative 
analysis. Qualitative analysis may be 
arranged either as a limited scheme or as a 
complete cation scheme. 


The appendixes should be of great value 
to both the student and the instructor. 
The ‘Suggestions to the instructor” haye 
been expanded. The illustrations by 
Roger Hayward are as attractive as ever, 


EDWARD B. ROSSER 
Hiram 
Hiram, 


THE PURSUIT OF SCIENCE 
IN REVOLUTIONARY AMERICA 
(1735-1789) 


Brooke Hindle. University of North 
Carolina Press, Chapel Hill, 1956. xi + 
410 pp. Figs. 16 X 23.5 cm. $7.50, 


THE main endeavors in early Americay 
science were in natural history and astron. 
omy. The emphasis was predominantly 
utilitarian and funds were solicited large); 
by arguments based on promises of con- 
mercial gains. For example, the bots- 
nists did a good business in the export of 
seeds, and.the uses of astronomical obser. 
vations, such as the transit of Venus in 
1769, were to be reflected in aids to navi- 
gation and in surveying the boundaries 
between the colonies. The active workers 
were amateurs for the most part. The 
colleges were occupied mostly with ped:- 
gogical matters, especially classics and 
theology, and the professors did little 
original research. Physicians, who os 
tensibly have a natural’ bent for science, 
devoted some of their extra curricular 
efforts to chemistry, especially materia 
medica. Medical schools were founded 
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in various places, and medical societies 
also afforded opportunities for discussion 
of better methods of combating disease, 
Philadelphia was the main center of 
scientific endeavor, and The American 
Philosophical Society was started there in 
1769 after a long period of earlier attempts 
and contests between rival groups. The 
comparable American Academy of Arts 
and Sciences was incorporated by the 
Massachusetts legislature in 1780. Both 
were patterned on the learned societies 
at London and Paris. They began to 
publish their Transactions and Memoirs, 
respectively, thus providing outlets other 
than the European periodicals for scien. 
tific papers. The initial enthusiasms 
subsided, and these and similar organiza- 
tions saw some rather sterile periods, 
There simply was not sufficient drive 
among enough American men to vitalize 
work in basic science. The Yankee bent 
toward useful inventions appeared at an 
early date, but agricultural machinery 
and textile equipment do not greatly fur. 
ther investigation into scientific laws. 

Physics and chemistry (i.e., natural 
philosophy) were not favorite subjects. 
The ideas of Priestley were preferred over 
those of Lavoisier, and Thomas Jefferson, 
who was in Paris during the chemical 
revolution, considered Lavoisier’s reforms 
as “premature.’’ Potash derived from 
the burning of the abundant trees was 
perhaps the chief chemical product, and 
efforts were made to develop better 
methods of obtaining nitrates for the man- 
ufacture of gunpowder. Analyses of 
mineral waters were favorite topics of 
publication and, in general, chemistry was 
closely allied with mineralogy. 

The author has presented a scholarly 
and sympathetic account of this special 
chapter in American history. He has 
read a tremendous number of papers and 
books dealing with and bordering on his 
chosen topic, and he has woven the mass 
of facts into a valuable text. Every page 
is provided with an ample supply of refer- 
ences, and the book closes with an excel- 
lent discussion of source material. Scien- 
tists interested in this phase of their pr- 
fessional history will find here many 
worthwhile hints to buried treasures, some 
possibly of real value. 

The reviewer learned much from the 
book and recommends it to scientists 0! 
all fields. It belongs in school and public 
libraries. 


RALPH E. OESPER 
UNIVERSITY OF CINCINNATI 
OHIO 
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For over thirty-five years selected 
audiences, many of them the students and 
assembled dignitaries of academic conv 
cations, had the rare privilege of listenint 
to a great chemist, administrator, and 
citizen clothe his profound ideas in the 
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graceful garments of English prose at its 
best. This volume collects many of these 
addresses. Successful editing has pre- 
served their chronology and allows the 
reader to share with this remarkable Scot 
the growth of his humble convictions 
about “his duty in an age which ought to 
be scientific.’’ There is the humor, 
imagination, and enjoyment of the ‘‘frag- 
rant smell of benzaldehyde’’ which identify 
the chemist acquainted with the labora- 
tory bench. Overlying these are the his- 
torical perspective, the appreciation of 
human personality, and the penetrating 
insight of the Christian philosopher which 
urge the reader to recognize ‘‘the aim and 
end of true learning.’’ 


THE HARVEY LECTURES, 1954-55 


The Harvey Society of New York. 
Academic Press, Inc., New York, 1956. 
viii + 421 pp. 106 figs. 42 tables. 14 
X 2lcm. $8. 


Tue fiftieth series of the Harvey Lec- 
tures has been published, a worthy suc- 
cessor to its predecessors. This reviewer 
will forego the temptation to pick out 
particular lectures as his favorites because 
he feels sure that readers are not interested 
in his personal preferences. Suffice it 
to say that each lecture lives up to the 
high expectations with which readers of 
the Harvey Lectures have come to look 
forward to every new volume of the series. 


But a general observation is in order. 
The Harvey Society, according to its con- 
stitution, has for object ‘‘the diffusion of 
knowledge in selected chapters in anatomy, 
physiology, pathology, bacteriology, phar- 
macology, and physiological and path- 
ological chemistry.”” Chemistry, it will 
be noticed, tags along at the tail end of 
the list, which is probably symbolic of 
its proper place in the opinion of the 
Harvey Society’s founders fifty years ago. 
In view of this circumstance, it is food for 
thought that among the ten lectures in 
this volume only one, entitled ‘The 
Harvey Society—lIts first fifty years and 
its future,’”’ does not deal directly or in- 
directly with chemistry. Surely this is 
equally symbolic of the place which chem- 
istry has acquired in the past fifty years 
in the biological sciences. It is a fact 
from which we as chemists should derive 
a sense of satisfaction as well as obligation, 
for the biologists look to us for further 
important contributions to their science. 

The complete list of lectures in this 
volume is as follows: Hormones of the 
posterior pituitary gland: oxytocin and 
vasopressin (Vincent du Vigneaud); The 
metabolism of the heart (Richard J. 
Bing); Lipoproteins of human plasma 
(J. L. Oncley); Control and interrelations 
of metabolic and viral diseases of bacteria 
(André Lwoff); The intermediary me- 
tabolism and biological activities of 
ferritin (Ephraim Shorr); Some aspects 
of the constitution and behavior of nor- 
mal and malignant cells maintained in 
continuous culture (George O. Gey); 
Biochemical explorations with bacterial 
mutants (Bernard D. Davis); The 
biosynthesis of porphyrins (David Shem- 


in); The Harvey Society—lIts first fifty 
years and its future (Haven Emerson): 
Osmotic activity in relation to the move. 
ment of water under normal and path. 
ological conditions (Eugene L. Opie), 


ALEXANDER GERQ 
HAHNEMANN MepiIcaL COLLEGE 
PHILADELPHIA, PENNSYLVANIA 


SYNTHETIC ION-EXCHANGERS 


G. H. Osborn, Consulting Chemis, 
Catalin Ltd. The Macmillan Co., New 
York, 1956. ix + 194 pp. 4 figs. 1) 
tables. 14 X 22.5 cm. $6. 


Tue textual part of this book consists oj 
only 85 pages and is divided into seven 
chapters: (1) The Structure, Preparation, 
and General Properties of Ion-Exchange 
Resins, (2) Performance Data on Con. 
mercially Available Resins, (3) Analytical 
Aspects, (4) Reactions with Materials of 
Low Solubility, (5) Ion-Exclusion, (6) 
Ion-Exchange Membranes, and (7) Thera- 
peutic Applications. The subtitle, “Re- 
cent Developments in Theory and Ap- 
plications,’’ indicates that the book is in- 
tended for those who are already well 
versed in ion exchange. Although these 
readers will find some stimulating thoughts, 
they will be disappointed with the brevity 
and with the paucity of the theoretical 
discussions. 

However, the author states in the pref- 
ace: “So great is the number of published 
applications that the author feels it would 
be impossible any longer to deal with 
these separately and give only condensed 
details. It is believed that the needs of 
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chemists will be much better served by 
giving a really detailed classified bibliog- 
raphy.’’ This bibliography consists of 
103 pages, of which 17 pages are devoted 
to theory. Unfortunately, these refer- 
ences are not numbered; and the reader 
may not be able to find readily the papers 
that would delve more deeply into the 
topics discussed in the text. 

The treatment of membrane potentials 
is marred by an erroneous equation (No. 
3, p. 68) and by misleading statements. 

The printing could be improved. The 
symbol 1n is used to denote natural loga- 
rithm. Many equations are very poorly 
spaced. The number of misprints is 
comparatively large. 


WILLIAM RIEMAN, III 
Ruteers UNIVERSITY 
New Brunswick, New JERSEY 


ENZYMES: UNITS OF BIOLOGICAL 
STRUCTURE AND FUNCTION 


Edited by Oliver H. Gaebler, Head, Bio- 
chemistry Department, Edsel B. Ford Insti- 
tute for Medical Research, Detroit. Aca- 
demic Press, Inc., New York, 1956. 624 
pp. Figs. and tables. 16 X 23.5 cm. 
$12. 


Tuts book is a record of the proceedings 
of an International Symposium on En- 
zymes held at Henry Ford Hospital, 
Detroit, November 1-3, 1955. It was 
an objective of the symposium to bring 
together representatives of many scientific 
disciplines to discuss topics of common 
interest. Contributions were made by 
44 participants from the fields of micro- 
biology, biology, genetics, physiology, 
pharmacology, biochemistry, and _bio- 
physics. In addition to the formal 
papers, the book contains the general dis- 
cussions as they occurred. 

The six general topics which were con- 
sidered are: the origin of enzymes, the 
status of the gene-enzyme relationship, 
enzymes and cell structure, enzymatic 
basis of some physiological functions, cel- 
lular energy sources, and regulation of en- 
zyme activity. In all the discussions 
there is emphasis on current research and 
unsolved problems. The value of this 
discussion has been enhanced by speedy 
publication (May 1, 1956). 

In view of the wide range of subjects 
discussed, this book will be of interest to 
research people in many fields related to 
biochemistry. In reading the record, one 
cannot help but feei the stimulating atmos- 
phere of such a conference and the momen- 
tum for further progress in the field. 

The student will find that the material 
is quite advanced and there is not much 
introductory material, but adequate refer- 
ences are provided. The book is recom- 
mended as an up-to-date survey of the 
topics discussed. 


ROBERT A. ALBERTY 
Universiry oF WISCONSIN 
Mapison, WIScONsIN 
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TABLES OF PHYSICAL AND 
CHEMICAL CONSTANTS 


G. W. C. Kaye and T. H. Laby. 
Eleventh edition. Longmans, Green and 
Co., New York, 1956. vi + 233 pp. 
Many tables. 17.5 X 25.5 cm. $5. 


AMERICANS unfamiliar with the famous 
English ‘Kaye and Laby’’ will do well to 
make friends with this completely re- 
vised eleventh edition. Teachers of physi- 
cal chemistry will have to keep careful 
track of their copies once their students 
discover how much essential material is 
included in clear, concise, and uncluttered 
tables. As with previous editions, the 
“brief resumés containing references’ 
which are abundantly scattered through 
the general physics section are master- 
pieces of concise, authoritative definition. 
This is a valuable book for the teacher’s 


personal library. 
W. F. K. 


SPECIAL FUNCTIONS OF 
MATHEMATICAL PHYSICS AND 
CHEMISTRY 


Ian N. Sneddon, Professor of Mathe- 
matics, University College of North 
Staffordshire. Interscience Publishers, 
Inc., New York, 1956. viii + 164 pp. 
14 figs. Tables. 13 X 19 cm. $1.75. 


Tuis little book at a reasonable price 


can serve as a ready reference for chemists 
whose work or study involves the manip- 
ulation of Legendre, Bessel, Hermite, or 
Laguerre functions. Prior acquaintance 
with the theory of functions of a complex 
variable is not required. Applications to 
such.areas of physical science as potential 
theory and wave mechanics are given in 
detail. Each of the five chapters is 


provided with a set of exercises. 
W. F. K. 


CHEMICAL APPLICATIONS OF 
SPECTROSCOPY. VOLUME Ik: 
TECHNIQUE OF ORGANIC 
CHEMISTRY 


Edited by W. West. Interscience Pub- 
lishers, Inc., New York, 1956. xxix + 787 
pp. Figs. and tables. 15.5 X 23 cm. 
$15. 


Tuts volume presents a general back- 
ground in spectra which should appeal 
not only to those being introduced to the 
field but also to those who have been using 
spectra of a particular region and have 
not had the opportunity to consider the 
contributions from other areas. The 
volume is divided into six chapters of 
varying lengths. The first chapter of 
seventy pages is a general introduction 
to the origins of spectra. Thereafter the 
entire spectrum from microwaves to the 
ultraviolet is treated separately beginning 
with the long wave region. There are 
114 pages devoted to microwave spectra, 
of which 20 take up electronic magnetic 
resonance. The major portion of the 
volume is given over to infrared and 
Raman spectra, with 56 pages used in 


discussing the theory and 338 pages de. 
voted to applications. In this chapter 
there is a particularly helpful section op 
errors and intensities. The selection of 
compounds makes a useful addition to 
those discussed by Bellamy in ‘The Ip. 
frared Spectra of Complex Molecules,” 
A useful appendix to the chapter is the 
summary table of characteristic group 
frequencies. 

Of the 125 pages devoted to electronic 
spectra, 48 are given to the theory and the 
remaining pages consider applications of 
electronic spectra. This chapter is not 
an attempt to survey the published datg 
of electronic spectra, but rather a discus. 
sion of spectra and the effects of sub. @ 
stituents as interpreted by the molecular 
orbital theory. The final chapter of 57 
pages is divided between fluorescence 
spectra and phosphorescence. 

There are cumulative author and sub. 
ject indexes for the entire series as well 
as an adequate subject index for the 
present volume. The figures and tables 
of the volume have been well done and 
serve to illustrate the text, rather than 
having simply textual references to 4 
collection of figures. The reviewer noted 
only a few typographical errors. 

The editor and authors have made 4 
real contribution to meeting the need of 
crossing the artificial boundaries between 
various types of spectra. The volume is 
one well worth the time required for its 
careful perusal. 


SISTER MIRIAM MICHAEL STIMSON, 0.?, 


Srena Herguts 
ApRIAN, MICHIGAN 


Ch ELECTRO-ANALYSIS APPARATUS 


Working Manual with methods and extensive 
bibliography prepared as a result of research at 
Battelle Memorial Institute is provided with 
each unit. Copies are free on request. 


Sturdy, versatile, attractive—this Eberbach Electro- 
Analysis Apparatus has the rugged construction 
needed for continuous duty and the versatility re- 
quired for research. Ammeter, voltmeter, polarity 
reversing switch and power control knob are provided 
for each position. Front is stainless steel; sides are 
cast aluminum finished black. Operates from 115 
or 230 volt, 60 cycle AC. Unit measures 29'/.” by 
14'/.” by 16'/.” deep. Ask for Bulletin 130-H on 
Eberbach Electro-Analysis Apparatus. Price $445.00 


CORPORATION 


ANN ARBOR. MICH.. 
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GIENTIFIC INSTRUMENTS APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
casy—tinse material directly through funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Catalog No. | Diam. (mm) | Length (mm) Price, dozen 


65 10.50 


| 9.00 
100 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Bowe 
Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces . . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 
Capacity 30 60 125 
Price 1.15 1.20 1.30 


Discount of 10% on orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 


FOR NEW 
CONVENIENCE 
IN FILTRATIONS 


Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate . . . Any type funnel 
or receiving vessel may be 
used . . . Redesigned Slide 
Valve permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 
Minimum. Inside Dimensions: Diam. 90 MM; Ht 
at side 120 MM; Ht at center 150 MM. 
Catalog No. 35070............ 10.75 ea. 


Write for NYLABS’ complete Cat. No. 7 on company 
letterhead. 


MEASURE 
AND RECORD THE 
DIFFERENCE 


in refractive index in non- 
opaque liquid streams with the 


NEW PHOENIX 


automatic recording 
ditterential refractometer 


Instrument shown is for mass-collection laboratory use. 
Other models available for process use. Limiting sen- 
sitivity 3 x 10°. 


With this new precision instrument, 
you can plot refractive index changes in 
any non-opaque liquid stream, such as 
distillate or a chromotographic eluate. 

The new Phoenix Automatic Record- 
ing Differential Refractometer makes 
possible extremely accurate qualitative 
and quantitative analysis of hydro- 
carbons, alkaloids, steroids, antibiotics, 
rare earths and other materials. It thus 
can facilitate accurate process control in 
chemical, petroleum, pharmaceutical, 
and many related industries. 

Several models for 
tory, process applications. Even the most 
has -unit range, without 
the necessity of changing cells or refer- 
ence solutions. 


MAIL COUPON FOR COMPLETE INFORMATION! 


PHOENIX PRECISION INSTRUMENT CO. 
PHILADELPHIA 40 PENNSYLVANIA 
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© TEMPERATURES TO — 30°C 
e NO EXPOSED COILS 
e LARGE CAPACITY REFRIGERATION 


Precisely controlled temperatures from —30°C to 
+ 50°C; with reduction volume, —40°C is obtain- 
able. 


WALL COOLING is employed rather than a coil! Heat 
transfer is ‘spread over a large area and consequently 
there is a minimum temperature differential. Faster cooling 
or heating. Poa opening. No room is lost to a coil and 
diffuser panel. 


VERSATILE WACO BATH is used as a reaction site for 
organic syntheses, as a bath for the determination of physi- 
cal constants, for bio-chemical procedures, ASTM tests, 
etc., for supplying constant temperature circulant to vis- 
cosimeters, refractometers, etc. 


ie hp. hermetically sealed compressor is used. An 
I ustable magnetic-setting mercury thermoregula- 
tor phi one temperature control of +.05° C. Heating 
element permits operation above room temperature. In- 
side dimensions are 29” long x 14” wide x 10” deep. All 
controls are conveniently arranged at one end. 


#IC 884 WACO ane Bath, for 115 volt, 
60 cycle current 


#IC 884-1 WACO Refrigerated Bath, same as 
#884 but with built-in centrifugal pump, deliv- 
ering 5 g.p.m. at zero head 


Many modifications have been supplied. We CUSTOM BUILD to 
YOUR specific application and YOUR requirements, as to dimensions 
and operating range. 


WRITE FOR BULLETIN JC-1. 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON CO. 


4525 W. DIVISION ST., CHICAGO SI, ILLINOIS 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


LETT SCIENTIFIC PRODUCTS——_—, 
ELECTROPHORESIS APPARATUS  BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS GLASS STANDARDS 


Klett Manufacturing Co. | 


179 EAST 87TH STREET, NEW YORK N. Y. 
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DEMONSTRATION ABSTRACTS 


> iti the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


T.: series supplements the 1955-1956 series of Tested Demonstrations 
in General Chemistry. Abstracts of all demonstrations which have ap- 
peared in the JourNAL or Cuemicat Epucation to date will be arranged 
in the same topical sequence as in the 1955-1956 series, and are numbered 
with an s to show that they are supplementary, for example, Dem. 1—4s. 

Usually the instructions in the abstract will be self-sufficient so that the 
reader need not consult the original article, although such consultation is 
certainly desirable, especially for diagrams of apparatus. 

The author has taken the following liberties: (a) he has omitted obviously 
dangerous experiments, such as instructions to “explode 250 mg., not more, 
of a mixture of X + Y by hitting with a hammer’; (b) he has stated definite 
amounts, i.e. changing ‘‘mix equal amounts of A and B” to “mix 10 ml. of 
A + 10 ml. of B”; (c) he has omitted demonstrations which already ap- 
peared in the 1955-1956 series. In these latter, proper acknowledgment 
was always made if a demonstration was copied from the literature; if there 
were no acknowledgment you may be sure that the author has been per- 
forming the experiment that way himself for years. 


O Is. CHEMICAL REACTIONS 


A. CHEMICAL ELEMENTS 
B. MIXTURES AND COMPOUNDS 


l-ls Iodine + antimony. (a) Dissolve iodine in, and recrystal- 
lize from, tetrachloroethane. (b) Exhibit antimony crystals 
and powder; melt in a crucible to show it has a definite 
melting point; re-solidify; show it is insoluble in tetra- 
chloroethane. (c) Grind iodine with excess Sb: stress that 
sufficient grinding would make the mixture appear homoge- 


board over a Meker burner; the edges of the crucible are 
covered with '/,” layer of sand. Heat the crucible: it 
turns black. Without turning off the burner, lower 
a glass funnel attached to a H; tank over the crucible: it 
now turns shiny again. The process can be repeated at will. 
(Watton, J.H., 19, 453 (1942).) 


Decomposition 
1-48 Volcano. See Dem. 1-10. An arrangement for repeating 


neous. Separate the iodine by dissolving in tetrachloro- 
ethane, and filter off and recover the Sb. (d) Return the 
Sb to the solution and heat: a yellow liquid forms, which 
upon cooling yields bright red crystals of SbI;. The 
crystals re-dissolve upon heating. Emphasize that they 
have a definite melting point. CARE: vapors of tetra- 
chloroethane are injurious. (ScaTrrercoop, A., 20, 40 
(1943).) 


C. PHYSICAL CHANGES 
1-2s Physical versus chemical change. 


(a) Physical: push a 
button which activates a relay, which trips a trap door, 
which causes a weight to fall upon and break a porous plate. 
(6) Chemical: pass a spark through 8g. KC]O; + 4g. Mg 
powder + lg. Al powder in an iron crucible. (Marion, 
A.P., 22 169 (1945).) 


D. CHEMICAL CHANGES 
Combination 
1-38 Oxidation of copper. Invert a bright copper crucible with 


open end 4” in diameter over a hole in a piece of Transite 


the demonstration many times, as at Science Fairs. The 
outside is a cone of metal covered with asbestos paper. 
Down the middle is a stovepipe near the top of which is an 
iron dise (like the movable disc in a stovepipe) which can 
be rotated by turning the axle which projects outside of the 
voleano cone. On top-of the disc is a 200-watt, 2500 ohm 
resistor with switch. Pour in 10g. ammonium dichromate, 
heat the resistor: action simulating a volcano occurs (Dem. 
1-10). Dump the green powdery product out, and the ap- 
paratus is ready for repeating the experiment. (DgLoac#H, 
W. S., McHveu, J. W., and Brack, J., 28, 649 (1951).) 


Displacement 


1-58 


1-6s 


Tin tree. Dip an iron or brass pin into tin-salt-aq.: tin 
crystals form. (Netson, J. E., 7, 1895 (1930).) 
Lead trees. See Dem. 1-15. (a) Stick 1 X 6” strips of zine 
through '/,” holes bored at half-inch intervals in a */, X 6” 
wooden dowel stuck in the base of a Bunsen burner. 
Bend the strips the proper lengths to simulate a tree, place 
in a large beaker filled with 5% Pb(OAc):-aq. (Watton, 
J. H., 8, 303 (1931).) 

(b) Suspend a zinc rod, tightly wrapped in a layer of as- 
bestos-paper, down the middle of a tall cylinder containing 
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3% Pb(OAc):-aq., + a few drops of HOAc: the asbestos 
paper slows the displacement so that a tree with crystals 8” 
long form over several days. (Stone, C. H., 6, 355 (1929).) 

(c) Trees in gels. Place several pieces of Zn or Sn in the 
bottom of a glass container, add equal volumes of 1 N HOAc 
(50 ml. glacial acetic diluted to one liter), and sodium 
silicate, sp.gr. 1.06. Set aside until] set, which may take 
24 hours. Pour a ml. of saturated Pb(NO;)2-aq. on top of 
the gel. A reaction will occur slowly, and may take several 
months to complete itself. (BREwINcTON, G. P., 6, 2228 
(1929); Fruuineer, H. H., 12, 92 (1935); see photographs 
in Tart, R. and Srareck, J. (7, 1520(1930).) 
(d) Place two clean lead electrodes in a solution contain- 
ing Pb(NO;)2 as well as the gel reactants; send a weak cur- 
rent, with a 10-watt lamp in series, through the solution 
before gelation occurs, place Zn or Sn in the bottom: 
lead trees form. (BREwINGTON, G. P., 6, 2228 (1929).) 
Silver tree. See Dem. 1-14. (a) Make a tree as in 1-68 (a), 
but use stout copper wire and 2% AgNO;-aq. (WaLToN, 
J. H., 8, 303 (1931).) 
(b) Use Cu foil instead of Cu wire. (Suaw, W. H. R., 
and Now11, B. T., 30, 581 (1953).) 

(c) Overhead projection: project Cu wire touching Agt 
on a microscope slide. (GuEtm, D., 30, 151 (1953).) 


Double decomposition 

1-8s Apparatus. Two vertical side-arms with pinch-cocks carry 
reactant solutions into water streaming through a horizontal 
glass tubing: the products (gases, colored substances, sus- 
pended precipitates) flow out of the other end of the hori- 
zontal tubing. (BAKER, R. A., 2, 480 (1925).) 

In solution. Have the students mix pairs of reagents in 
aqueous solutions, and write the corresponding equations, 
for forming HgIz, AgCl, AgI, CuCO;, BaSO,, PbIz, PbCrO,, 
etc. (StonzE, C. H., 7, 1332 (1930).) 

1-10s In solids. Heat the following solid mixtures to affect reac- 
tion: PbS + CdSO,: yellow CdS forms; HgBr. + KI: 
yellow Hgl. forms, turns red on scratching it; K:S + 
CdSO,: yellow CdS forms; PbClk + KI: yellow PblI: 
forms; CoSOQ, + NaCl: bluish purple CoCl, forms; BaS 
+ CsS: yellow cadmium lithopone forms. (VAN KLoostTER, 
H. 8., 17, 361 (1949).) Woop, L. J. (17, 595 (1940)), 
writes that there are sixty reactions reported in the Jour. 
Amer. Chem. Soc., 60; 2320 (1938) and 62, 766 (1940). 


FUNDAMENTAL LAWS 


Law of Conservation of Mass: no change in weight. 


1-1ls Forming silver carbonate. A dropping funnel containing 
AgNO;-aq. projects through a rubber stopper into a large 
U-tube containing Na,CO;-aq.; a return 6 mm. tubing 
leads from a stopper in the other arm of the U-tube back to 
the dropping funnel. Suspend the apparatus in a balance, 
mix the reagents, show weight has not changed during the 
formation of a precipitate. Wash, dry, and heat the pre- 
cipitate to recover and to identify the metallic silver. 
(BERNHARD, H., 19, 394 (1942).) 

1-12s Photoflash bulb. Counterbalance a photoflash bulb; flash 
it; cool, re-weigh; no change in weight. (Weiss, L., 20, 
579 (1943).) 


Law of Conservation of Mass: change in weight 


1-13s Burning steel wool. Weigh steel wool on a balance; hold- 
ing the wool in tongs, ignite in a Bunsen burner flame; re- 
move if it sparks too much; repeat until all the iron is 


oxidized; re-weigh: it has gained in weight. (Frvz, I., 8, 
929 (1931).) 

1-14s Burning a candle. See Dem. 1-19 (a) Make a preliminary 
run for three minutes to show gain in weight is not due to 
absorption of moisture or CO; from the air. (WENDEN, J. A., 
19, 396 (1942).) 

(6) Same as Dem. 1-19, but using a candle burned 
in an Erlenmeyer flask of O2, and the products caught in 
soda lime (author mistakenly writes NaOH). (HirscHHoRN, 
1. 8., 18, 107 (1941).) 

1-15s Oxidizing copper. See Dem. 1-38. Weigh a 20 sq. cm. strip 
of copper; heat in air; cool; re-weigh: black CuO forms, 
and the oxidized strip weighs more. Scrape off the black 
oxide and re-weigh: the strip weighs less than it did before 
it was oxidized. (BoLANpER, L. M., 4, 1289 (1927).) 

1-16s Cuprous sulfide. Weigh a 60 mm. porcelain boat; add 
0.3g. of No. 24 Cu wire and re-weigh; cover with flowers of 
sulfur, insert in a nearly horizontal 16 X 150 mm. Pyrex 
glass tube with open end slightly lower, loosely plugged 
with glass wool; heat the boat gently, then strongly to ex- 
pel excess sulfur. Cool, and re-weigh. Calculate the %S 
in the compound: 20.1 is theoretical, 20.6 is usually ob- 
tained. (ScHoxgs, S. R., 32, 365 (1955).) 


Law of multiple proportions 


1-17s Cuprous and cupric oxides. (a) Pass illuminating gas over 
weighed samples of CuzO and CuO in heated tubes; cool in 
the stream of gas, then re-weigh: a 2:1 ratio of the two 
copper values is found. (Secrist, J. H., 29, 283 (1952).) 
(b) Use NH; instead of H: for reducing CuO, to eliminate 
explosion hazards. (Murpay, D. B., 27, 463 (1950).) 
1-18s CuBr: to CuBr to Cu. (a) Weigh a tube containing CuBr; 
clamp nearly horizontally, fit with a one-hole stopper and 
glass delivery tube leading to 2 ems. above the surface of 
water in a flask. (b) Heat the CuBr gently, then strongly 
until Br. fumes are no longer evolved; if necessary warm 
the upper portion of the tube to prevent condensation of 
bromine there. Cool, tilt the tube to remove any Br: vapor, 
weigh tube and contents: CuBr has formed. (c) Pour 2 ml. 
conc. HNO; upon the CuBr; replace stopper and delivery 
tube and boil until the acid has evaporated: the residue is 
dry, black CuO. (d) Replace delivery tube with a 2-hole 
stopper and pass in hydrogen gas through a tube which 
reaches nearly to the bottom of the test tube. When all the 
air has been expelled, heat until the black CuO is com- 
pletely reduced to metallic Cu. Cool in the stream of Hp, 
then re-weigh. (e) From these three weighings calculate 
the weight of Br in CuBr, and CuBr, and the ratio of Cu(1) 
to Cu(II). (Baruar, J.C. Jr., 6, 1759 (1929).) 


Valence 


1-198 Agame. Mark chemical symbols on Anagram squares, and 
play like Anagrams, but making chemical formulas instead 
of spelling words. (James, H., 6, 1790 (1929).) 

1-20s Displacement of hydrogen. See Dem. 9-26. An inverted 
tube is counterbalanced inside of another one to give a bell 
to keep gases at constant pressure, see diagram, (PLANK, 
E., 16, 234 (1939)). Using three bells, show that 1:2:3 
volumes of H: are obtained from acid + atomic weight 
ratios 23:24:27 of Na:Mg:Al. Sranpen, A., (24, 481 
(1947)) attacks this demonstration, claiming that every 
method of determining atomic weight depends upon a 
knowledge of equivalent weight. Parker, D., (7, 2165 
(1930)) eliminates the weighing of Na by melting it under 
paraffin, inserting a capillary tube, and thereby obtaining 
threads of Na which can be cut into measured lengths. 
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[-BUCHNER FUNNELS~] 
Molded of polyethylene 


Lippich Type Polarimeter 
(Schmidt & Heensch) 

A precision instrument for measuring the rotation of the 
plane of polarization of all optically active substances. 
Big advantage is its glass circle instead of a metal circle. 
The scale on glass, instead of on metal, in conjunction 
with a micrometer plate, permits direct reading without 
vernier, resulting in greater speed and precision of 
reading. Glass circle is rigidly connected with the 
analyzer and carries two scales, an angular scale in 
degrees arc and a scale in international sugar degrees. THREE SIZES 
Sodium vapor lamp is an integral part of the instrumeat ner paper din, tien 
and is always in alignment and ready for use. 
Model A with receiving trough for tubes up to a length of 220 mm, : 
Model B with receiving trough for tubes up to a length of 400 mm. price, each 
Bulletin SH-344 on request 
FISH-SCHURMAN CORPORATION 


through leading supply houses or direct 
11 Portman Road ask for latest bulletin minimum order $10.00 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH DAYTON 9, OHIO 


5 COORS 


U.S.A. 


Porcus Sottom 
CRUCIBLES 


Coors Porous Bottom Crucibles 
produced in chemical porcelain by 
an exclusive process—are excep- 
tionally sturdy, dependable filter- 
ing crucibles that give unlimited 
service under the most exacting 


RESEARCH SPECIALTIES CO. 


World-wide acceptance by discriminat- 
ing chemists attests to their perfection. 


BOGE 


die 


Our expanded facilities and our estab- 
lished reputation assure you of the best 
service inC'4 and H? labeled compounds. 


Revised list of radiochemicals and 
current prices available upon request. 
Write for catalog No. 1054. 


For unusual requirements, please write 


for quotation. State quantity and desired 


ACID WASHED 
specific activity. 


to remove all impurities 
tor flow rate and pore diameter 
ae Fired-in DISC WILL NOT CRACK 


ce PRECISION = R ES EA RC H Ss P 


8 Obtcinoble from your laboratory supply decler 


Coors PorcELAIN COMPANY 
COLDEN. COLORADO 


VOLUME 34, NO. 1, JANUARY, 1957 


| 
| — Sturdy 
lwo piece | 
construction 
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| 
BU-55 BU-70 BU-90 
55 70 90 
75 165 315 
} $ 2.75 5.00 6.00 
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ECIALTIES CO. 
|__| _| 2005 Hopkins Street Berkeley, Calif. 
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APPARATUS 
EQUIPMENT 


CHEM. ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


ORGANIC SCINTILLATORS 
from ARAPAHOE 
“POPOP” ( Grade) 
M.P. 245-246° C 


Fluorescence Max. 4200A 
2,5-DIPHENYLOXAZOLE 


70-72° C 

Fluorescence Max. 3800A 
(Scintillation Grad 

M.P, 104-1 oe ¢ 

Fluorescence Max. 4050A 
p-TERPHENYL (Scintillation Grade) 

211-212° C 

Fluorescence Max. 3460A 
1,1,4,4-TETRAPHENYLBUTADIENE 
(Scintillation Grade 

M.P. 104-106° 

Fluorescence Max. 4320A 
PHENYLBIPHENYLYLOXADIAZOLE 
(Scintillation 

167-169° 

Fluorescence Max. 3700A 


CADMIUM PROPIONATE, Anhydrous 
M.P, 182-185° C 
Solubility: 12g per 106 ml of 1:9 metha- 
nol-toluene 


(Scintillation 


CHEMICALS 
METALS 


RAR MINERALS 


“EUROPIUM OXIDE IN QUANTITY” 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38,.N. ¥. 


Distributed by TRACERLAB, INC. 
ARAPAHOE CHEMICALS, INC. 


2890 PEARL STREET BOULDER COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


RARE and FINE ORGANICS 


ortho-NITROBENZALDEHYDE 

MAGNESIUM PHTHALOCYANINE 

MAGNESIUM OCTAPHENYL TETRAZO- 
PORPHYRIN 

TRIPHENYL PHOSPHINE 

AMYGDALIN 

p-ACETYL AMINO BENZALDOXIME 

N-BUTYRAMIDE 

5-METHYL ISATIN 

ETHYL VINYL KETONE 

CITRACONIC ANHYDRIDE 

PSEUDOTHIOHYDANTOIN 

SODIUM BROMOETHANE SULFONATE 

BULBOCAPNINE HCL 


Send for free catalog 


LABORATORIES 


29-46 Northern Bivd., LIC 1, N. Y. 


GATES 


© Ultraviolet Blacklight equipment 
® Sodium and Mercury Vapor Sources 
© Power Supplies for Zirconium Con- 
centrated Arc Lamps 
and other 
SPECIAL LIGHT SOURCES 


POLARIMETER TUBES 


and ACCESSORIES for 
GENERAL, SEMI-MICRO, MICRO 
POLARIMETRY-INVERSION TESTS-HIGH 
TEMPERATURE-CONTINUOUS FLOW 


"Write for new list PT-14 
O.C.RUDOLPH&SONS 


Manufacturers of 
Optical Research & Control Instruments 
P. O. BOX 446, CALDWELL, N. J. 


for FREE Catalog or contact Lab. 
rite Supply Dealer. 


GEORGEW.GATESEC, 


Box 216, Franklin Square, L.1. 


NOW OVER 5/00 
CHEMICALS 


® Gelsemine Hydrochloride 
® Gentianose 

® Gentisic Aldehyde 
@ Germanochloroform 
a-Glucosethiourea 

Glucovanillin 

@ Glutaconic Acid 

Glutamylcysteine 

Glutarimide 

Glycolamide 

® Glycylglycyl-d-alanine 
® Glycyl-l-proline 

® Graphitic Acid 

® Guaiacol Cacodylate 
Guanidine 

@ Guanylurea Sulfate 
® Gulonic Acid 

Gulose, d (+) 

@ Gymnenic Acid 

@ Hafnium Oxide 

Hemicellulase 


ASK FOR OUR NEW 


BIOS COMPLETE CATALOGUE 
17 West 60th St. New Nevis: bs 
Plaza 7-817] 
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ICATION 


APPARATUS 
EQUIPMENT 


CHEM. ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


SEQUEX LABELS 


Consecutively numbered: 1 to 5000 
Self-adhesive 
Make any selection of numbers 


100 numbers on a sheet 


Labels are 5/15” x!/2” 
Each number on a self-adhesive label 


Write for samples and prices 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty St., New York 6, N. Y. 


CONSOLIDATED 
Water Stills and Sterilizers 


NP and STANDARD Water Stills 
Full Opening Door Pressure Sterilizers 
Rolling Door Laboratory Sterihzers 

CONSOLIDATED MACHINE 
CORPORATION 


39 Sudbury St. 


Boston 14, Mass. 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


Available in limited quantities 
WITHOUT A.E.C. LICENSE 


at Low Cost 


Write for Price List.and 
Suggestions on Radiation Safety 


ATOMIC RESEARCH LABORATORY 
10717 Venice Boulevard Los Angeles 34, Calif. 


Write for FREE literature today 
CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


ALL PURPOSE 
LABORATORY 
TIMER 


FEATURING: 

3600 settings Giant 8” dial 
Split-Second Accuracy Portable Mount Models 
Automatic Switching Panel Mount Models 
Built-in-Buzzer Precision Construction 


WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


208 E. Sixth St. 


Dayton, Ohio 


MARCH OF DIMES 


FIGHT 


INFANTILE 


PARALYSIS 
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Bryden Clamps: 
are lighter, 
form tighter joints, 
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Rod to Rod Clamps 
Rod to Sheet Clamps 
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Extension Rod Clamps 
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Haze measurement..a valuable analytical 


Photo-Nephelometry measures haze and turbidity 
in liquids, at extremely low concentrations 


Clarity of Whiskey, Beer, and Other 
Beverages 


One of the most widespread and effective 
applications of Coleman Photo-Nephelom- 
etry is the measurement of haze in whiskies, 
wines and other beverages. Evaluation of 
filters and filter media and the control of haze 
in bottled whiskies is now a standard pro- 
cedure throughout the distilling industry. 
Nephelometry precisely predicts the final 
clarity of the finished product. 


Sterility of Biologicals 


The measurement and control of clarity and 
sterility of parenterals such as Penicillin, 
Streptomycin, Dihydrostreptomycin, Neo- 
mycin Sulfate, and Vitamin Solutions is an 
important use of Nephelometry. 


Precipitates in Industrial Waters 


Purity and suitability of industrial waters and 
other liquids is easily evaluated with the 
Nephelometer, especially at very low concen- 
trations. For example: Electric generating 
plants now use Coleman Nephelometers for 
the evaluation and control of feed waters for 
high pressure boilers. Control is accomplished 
by Nephelometric measurement of calcium 
(Range 0.0-0.5 PPM) in the feed water. 


Bacteriological Growth Rates and 
Effects of Nutrients and Inhibitors 


In bacteriology the study of the effects of 
nutrients and inhibitors on growth rates of 
bacteria has been given new impetus and sig- 
nificance by the simplicity and precision of 
the Nephelometric method. These studies 
include a wide variety of bacterial types, 
including: Leptospira, Actinomyces Bovis, 
Tubercle Bacilli, Esch. Coli, Staphylococci. 


Measurement of Oils and Fats 


The Nephelometer is useful in determination 
of butter fat content in dairy products, and 
has similarly been helpful in assay of choles- 
terol in blood chemistry. 


A Precise Notation for Haze 


The Coleman Nephelos Standards used with 
a Coleman Nephelometer provide an accurate 
numerical notation system. Haze data can 
be expressed on a fixed, numerical scale to 
set standards or reproduce procedures. 


A42 


Operation is simple. Routine work can easily 
be handled by people with limited training. 


Coleman Certified NephelosStand- Two models. Coleman Nephelom- 
ards express entire haze range on a eter (Model 7) for Nephelometry, an 
continuous numerical scale. Coleman Nepho-Colorimeter (' lode 

9) for ig Colorimetry: 


+ + + Ask for Bulletins B-213 and B-215. 


COLEMAN NEPHELOS SYSTEM 


for complete data . . . write 
Dept. B. Coleman Instruments, Inc., 318 Madison St., Maywood, Ul. 
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New Standard Model No. 3 


WILEY 
LABORATORY 
MILL 


Wider range of use... 


For the preparation, with minimal loss of moisture 
from heating, of a wide variety of materials for 
laboratory analysis. Principal advantages of new 
Model No. 3 are: harder cutting edges on the knives, 
making it suitable for a broader range of materials, 
including Teflon, polyethylene resins, etc.; quieter 
performance with less vibration; greater safety 
because of enclosed moving parts and latest U.L. 
approved wiring; greater ease of installation and 
maintenance; and improved appearance, i.e. Ham- 
mertone gray enamel with parts subject to abrasion 
chromium plated. 

As in the earlier model, four hardened steel knives on a 
revolving shaft work with a shearing action against six 
knives bolted into the frame. The shearing action of the 
cutting edges, between which there is always a clearance, 
tends to avoid changes in the sample such as temperature 
tise, loss of moisture, liquefaction, contamination, etc., 
making this mill satisfactory for many materials which can 
not be reduced by other mechanical means. A sieve is dove- 
tailed into the frame so that none of the material comes from 
the grinding chamber until it can pass through the mesh. 

Furnished with interchangeable receivers, i.e. either a 


ano | 
A.H.T.CO. 
[ LABORATORY APPARATUS | 
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Quieter operation... 


Increased safety... 


deep, cast aluminum drawer with rounded inner corners, 
28 oz. capacity, or a chute for collecting the sample directly 
in a standard screw neck glass jar, 16 oz. capacity, or in a 
bag, table drawer, etc. Either receiver slides into a new, 
spring-loaded holding device which is adjustable for tight 
closure against bottom of grinding chamber to prevent loss 
of sample. Mill without motor or base is 21 inches high and 
occupies table space 1414 x 19 inches. Motor driven model 
is mounted on enclosed base 1614 inches high. 


4274-T. Wiley Laboratory Mill, Standard Model No. 3, 
with chute as shown in illustration of 4275-H3, three 1-pint 
glass jars with metal caps, and three sieves of 0.5 mm, 1 mm 
and 2 mm mesh, respectively. With pulley for V-belt, set of 
wrenches for adjusting knives, gun-type grease injector 
with 1 Ib. of lubricant, but without drawer or motor. .576.50 


4274-V. Ditto, but with drawer in place of chute and glass 
jars; without motor or base 567.00 


4275-H3. Wiley Laboratory Mill, Standard Model No. 3, 
identical with 4274-T, i.e., with chute, but complete with 
l4 h.p. motor with starting switch and thermal overload 
cutout, 4 inch V-belt and belt guard, mounted on enclosed 
base. For 115 volts, 60 cycles, single phase a.c..... . .886.00 


4275-R3. Ditto, but with drawer in place of chute and 
j 876.50 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas 


Laboratory Apparatus and Reagents 
VINE ST. AT 3RDe PA. 
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January ADVANCED ANALYTICAL CHEMISTRY — by Walter Wagner, C. J. Hull and G. E. Markle ................ Key 6.00 
February Economic GrocrapHy OF INDUSTRIAL MATERIALS — Edited by Albert S. Carlson .................002000- 12.50 
February CHEMICAL SAFETY SUPERVISION — by Joseph Guelich 4.50 
April Mopern Cuemica Processes, Vol. 4 — by the Editors of Industrial & Engineering Chemistry ............. 5.00 
April CHeMicAL MARKET RESEARCH IN Practice — Edited by Richard E. Chaddock ................-00eeeeees 3.00 
May Computers: Their Operation and Applications — by Edmund C. Berkeley and Lawrence Wainwright ........ 8.00 
June POLYESTERS AND THEIR APPLICATIONS — by Johan Bjorksten, Henry Tovey, Betty Harker and James Henning .. 10.00 
June ed Ed. — by L. F. and Mary Flestr 10.00 
June You. ¥ (ACS #132) — Edited by Marvin J. Udy 11.00 
June AnD Usxs or Pesticiwes, 2nd Ed: — by E. R. deOng .... 8.75 
July Soprum: Its Manufacture, Properties and Uses (ACS #133) — by Marshall Sittig ..................202000- 12.50 
July THe CHEMISTRY AND TECHNOLOGY OF Waxes, 2nd Ed. — by Albin H. Warth 18.00 
August Tue ConpDENSED CHEMICAL Dictionary, 5th Ed. — Edited by Arthur and Elizabeth Rose ................. 12.50 
August THE CHEMISTRY OF THE COORDINATION Compounps (ACS #131) — Edited by John C. Bailar, Jr. ........... 18.50 
August Latex: Natural and Synthetic (Reinhold Pilot Book) — by P. G. Cook 3.50 
September Cunonaum, Vol. 2 (ACS #132) — Edited by Marvin J. Udy 11.00 
October BIoLocicAL TREATMENT OF SEWAGE AND INDUsTRIAL Wastes: Aerobic Oxidation — Edited by Joseph McCabe 
October Tue CHEMIsTRY OF PETROCHEMICALS — by Melvin J. Astle .... 6.50 
November Process Economics 1n Practice — Edited by J. James Hur 3.95 
November THe CHEMISTRY AND TECHNOLOGY OF LEATHER, Volume I: Preparation for Tannage — Edited by Fred 
December ENcycLopepiA oF CHEMICAL REACTIONS, Volume 6 — Edited by C. A. Jacobson and Clifford A. Hampel ...... 12.50 
December ENGINEERING Uses or RusBEeR — Edited by Archibald T. McPherson and Alexander Klemin ................. 12.50 


Technical Books Scheduled to be Published in January, February, March, 1957 


ENCYCLOPEDIA OF CHEMISTRY 
edited by GEORGE L. CLARK, Research Professor, Dept. of 
Chemistry, University of Illinois, and G. G. HAWLEY, Rein- 
hold Book Division. ' 
January, 1,060 pages, 7” x 10”, $19.50 


QUALITY CONTROL FOR PLASTICS ENGINEERS 
edited by LAWRENCE M. DEBING, Plastics Division, Mon- 
santo Chemical Co., Springfield, Mass. Sponsored by the 
SOCIETY OF PLASTICS ENGINEERS, INC. 
January, 150 pages, $4.95 


DOCUMENTATION IN ACTION 
edited by JESSE H. SHERA, ALLEN KENT and JAMES W. 
PERRY, Center for Documentation and Communication Re- 
search, School of Library Science, Western Reserve University 
January, 487 pages, $10.00 


ENCYLOPEDIA OF CHEMICAL REACTIONS, Volume 6 
edited by C. A. JACOBSON, Late Professor of Chemistry 
Emeritus, West Virginia University, and CLIFFORD A. 
HAMPEL, Consulting Chemical Engineer 

January, 446 pages, $12.50 


ORGANIC SYNTHESIS — In 2 Volumes 
by VARTKES MIGRDICHIAN, Senior Research Chemist, 
— Laboratory, American Cyanamid Co., Stamford, 
mn. 
February, approximately 1,800 pages. 
2 Volumes, $35.00 {not sold separately! 


HANDBOOK OF SOLVENTS — Volume 1 — Pure Hydrocarbons 
by IBERT MELLAN, Research Director, Pioneer Labora- 
tories, Inc., Long Island City, New York 

February, approximately 260 pages, $6.50 


MODERN PULP AND PAPER MAKING 


@ Revised and Enlarged 3rd Edition 
edited by JOHN B. CALKIN, Consultant to the Pulp and 
Paper and Chemicai Process Industries. Previous editions by 
the late G. S. WITHAM, Sr. 

February, 560 pages, $10.00 


GAS CHROMATOGRAPHY 
ce I. M. KEULEMANS, Research Chemist, Koninklijke/ 
ll-Laboratorium, Amsterdam 
February, approximately 275 pages, about $7.50 


QUALITY CONTROL AND STATISTICAL METHODS 


@ Second Edition 
by EDWARD M. SCHROCK, ity Control Engineer, 
a as Radiator and Standard Sanitary Corp., New York, 


March, approximately 275 pages, about $6.50 


Send TODAY for your ON-APPROVAL Copies 
REINHOLD PUBLISHING CORP., Dept. M-109, 430 Park Avenue, New York 22, N. Y. 
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Sir William Henry Perkin: Pioneer of Chemical Industry, Sir Robert Robinson... 


SOCIETY A Nomograph for Correction of Boiling Points, R. Thomas Myers.............. 58 
OFFICERS Errors in Quantitative Tracer Studies, Gus A. Ropp.......................... 60 
N. W. Rakestra: Chairman 
an lperoxy ergetics e ctions, Haro 
F. Bester Secretary E. De La Mare and William E. 
W. F. Ehret Treasurer 
WILLIAM F. KIEFFER The Electron Chart, Jack W. Eichinger, Jr... .. 70 
Editor 
The Use of Mass Spectrometry in Organic Analysis, Ernest L. Eliel, Thomas J. 
Benjamin F. Gould 
Harriet B. Schroeder Asst. to the Ed. Conmirtee to Thermodynamics: The Inconsistency of Thermodynamics, 
BOARD OF PUBLICATION Measuring the Ratio of Specific Heats of a Gas, Joseph A. Schufle............ _78 


Dry Box Construction, Rowland E. Johnson............ 
Philosophical Studies b; the Duchess of Newcastle, Virginia Bartow............ 


EDITORIAL BOARD A Rapid Paper Chromatographic Analysis of Group I Cations, Stephen P. Marion 
and James Psihas 


The Chemical and Related Literature of South America, Leo J. Stevens......... 
A Small, Compact Ozonizer for Laboratory Use, Thomas P. Whaley........... 


State U: 
T Florida 
eee Piieess An Apparatus for the Microdetermination of Melting Points, Walter G. Jennings.. 95 
‘oie Proceedings of the Southwest Association of Chemistry Teachers 


Recent Methods for the Prevention of Dental ‘Caries, Henry M. Leicester...... 96 


“Contributions to Thermodynami: The Inconsistency of Thermodynamics,” by 
Watertown, Massachusetts J. McQuirg, Donald G. Milles on Ellen Mochel. 


Reed College Re of the — England Association of Chemistry Tea 
Portland, Oregon ction of Crystal Models from Styrofoam Spheres, na, R. P. Gibb, Jr., 
and Herbert Bassow 


No claims for copies of journals lost in the mails can be allowed unless 
= Some 9 § the date of of issue and no claims can be allowed for issues lost as a result of insufficient notice of 


i Wooster, Pa., under the act oi aah 3 879. for mailing at special rate of postage provided 
farin Seckiow 1103, Act of Oot. 1917, eutherived fon 1924. 
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TWO 
RECISE 
TIMERS 


FOR WALL OR BENCH 
MOUNTING 


With Clear 8-INCH Dial 


This is a new model seconds timer designed for 
either wall mounting or free-standing on table 
or work bench. The 8-inch, easy-to-read main 
dial is calibrated in seconds. The subsidiary 
dial clearly indicates to 10 minutes. 


Timer is easily operated by merely pressing a 
plunger which brings both hands back to zero 
and simultaneously winds the timer. A stop- 
start lever is conveniently located on the side 
of the timer. 


The case is made of sturdy metal and finished in 
cream enamel. Weight: 3 Ibs., 8 ozs. 


Cat. No. C46405 TIMER....... each $26.00 


FOR TABLE MOUNTING 
A Handy 4-INCH Stop Clock 


A reliable seconds timer of the stop-watch type. 
The main dial is 4 inches in diameter and is 
graduated in seconds and the subsidiary dial 
indicates minutes up to 60 minutes. 


Timer is spring driven and one winding is suf- 
ficient for 30 hours of use. peration is by a 
stop-start lever on the side of the case and by a 
zero return button on top of the case. 


Can be used for continuous or interrupted 
timings. Die-cast case is cream finished. 


Cat. No. C46406 TIMER....... each $12.75 


Order Today—Immediate Delivery 
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Now for the First Time — 
Complete automation in Freeze-Drying with the RePP 


for 


@ Plasma and Sera 


@ Foodstuffs 

@ Biological standards 

® Bacteria, viruses, yeast, etc. 
Hormones and vitamins 


® Virtually any heat sensitive 
materials 


FEATURES 


® A complete, fully automatic, mobile, freeze-drying laboratory. 

® Auto-freezing of samples occurs in the vacuum drum. 

® Foaming suppressed during auto-freezing by built-in centrifuge. 

® Complete mechanical refrigeration — Temperatures as low as - 60°C. 
® Push button control throughout. 

® Truly uniform radiant heating. 


The better laboratory supply dealers in your area are ready with 
complete information. Or write RePP Industries, Inc., requesting 
illustrated 4-page bulletin CF-304. 


RePP INDUSTRIES, nc. 


609 WARBURTON AVE. HASTINGS ON HUDSON, N. Y. 
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The color used to give lifetime legibility to the lines 
and numbers of Kimble thermometers is permanent 


Here are thermometers designed to stay legible for 
their lifetime. The colored substance used to fill 
the lines and numbers of the graduated scale is 
unaffected by organic materials and acids (except 
Hydrofluoric). Resistance to alkalis equals that of 
the glass itself .., proved under accelerated labora- 
tory test conditions. 
INCREASE YOUR DISCOUNTS 

Save more money on your laboratory glassware. In- 


INDIVIDUALLY RETESTED 

Every Kimble thermometer and hydrometer is Indi- 
vidually Retested before shipping to insure accuracy. 
N.B.S. specifications are minimum standards for 
Kimble thermometers. There is also a line of Kimble 
instruments made to A.S.T.M., A.P.I. and M.C.A. 
specifications. 

There is no substitute for Kimble quality—so don’t 
accept substitutes. If your dealer will not supply the 


Kimble thermometers and hydrometers—write us. 
We'll see that you are supplied. Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, Toledo 1, Ohio. 


clude Exax thermometers and hydrometers with your 
other glass apparatus and earn bigger discounts on 
your entire order. 


1 2s 
ease Lenses 


Renge _ 
to 42°C 


320 to 110°C 
Hydrometer #31202 1.045 to 1.105 
|_ Specific Gravity Sp. gr. 
Hydrometer #31654 

APi 19 to 31 


PRICES REDUCED 


Improved manufacturing facil- 
ities and increased production 
make new lower prices possi- 

_ ble on Kimble thermometers 
and hydrometers, 


SAVE MORE by ordering these 
items with your other Kimble glass- 
ware requirements. Most laboratory 
dealers offer greater discounts on 
case quantity purchases. 


GENERAL OFFICES + TOLEDO 1, OHIO 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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One tip 


gives you 
every flame 


you need 


CENCO GIANT BLAST BURNER 


for working high temperature glass 


No. 11247 $139.00 


This improved gas burner provides the high efficiency 
and convenience necessary for the working of ‘“Pyrex”’ 
Brand and other high temperature glasses. Here are 8 
reasons why: 


1 Operates on any commercial gas and oxygen 
Remarkably quiet 


2 

3 One tip provides range of flame shapes from needle point 
to wide brush 

4 


Fully adjustable from low annealing to high quartz fusing 
temperatures 


Unique tip combines surtacé and jet combustion 

No additional tips, sleeves or orifices needed 

Leak-proof valves 

acta insulated levers provide individual control of each 
me 


Cenco Giant Blast Burners are used and approved 
in hundreds of plants and laboratories where efficiency 
and dependability are essential. 

For complete information on this and other Cenco 
laboratory burners, write for Bulletin No. 20. 


Central Scientific Company 
1718-E IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES—CHICAGO NEWARK BOSTON BIRMINGHAM DETROIT SAN FRANCISCO « 


SANTA CLARA LOS ANGELES REFINERY SUPPLY COMPANY—TULSA HOUSTON 


CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO « MONTREAL « VANCOUVER « OTTAWA 
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INTRODUCING 


a series of reports on 


CHROMATOGRAPHY 


A vast amount of material has been published on 
the use of Chromatography in chemical analysis, 
and the time seems now appropriate to review the 
progress made to date. 

Compared with Chromatogra- 
phy is both simple and inexpensive, yet its powers 
of resolution are immense. It enables minute 
quantities to be separated, the only limitation 
being the sensitivity of the detecting agent 
employed; as a result of this, a new term, 


‘Chromatographucally Pure’ has come into use. 


Among the industrial ot Chromato- 
graphy is the evaluation of uranium and thorium 
from ores; among its triumphs is the first com- 
plete illustration of the structure of a protein. 
The possibilities of the method are unlimited, both 
in research and in general use. 

To deal with these developments, special types of 
Whatman Filter Paper and Cellulose Powder have 
beer evolved; and a series of articles entitled 
‘Progress in Chromatography’ will be published 


in this space month by month. 


Progress in Chromatography, No. 1 
MULTIPLE SAMPLE ANALYSIS 


This will be the subject of our next advertisement 
and will deal with systematic analysis 
—both qualitative and quantitative 
— by paper chromatography. 


In Europe, Asia, Australia, etc. 


H. REEVE ANGEL & CO. LTD. 
9 Bridewell Pl., London E C 4 


In Canada, Mexico, United States 


H. REEVE ANGEL & CO. INC. 
52 Duane St. New York 7, N. Y. 


WHATMAN FILTER PAPERS 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of 
Pamphlets, booklets and similar literature are gratis 


ur firm or Institu- 


the particular issue. 


NEW APPARATUS AND EQUIPMENT 


> International Equipment Co., 1284 
Soldiers Field Rd., Boston 35, Massa- 
chusetts, announces production of its new 
Model CM Centrifuge. This is a heavy- 


ondary school chemistry students be 
familiar with the infrared technique 
through the first-hand use of instruments 
similar to those they will encounter in 
industry. 


Additional information about the Infra- 
cord may be had by writing to Perkin- 
Elmer Corp., Norwalk, Connecticut. 


>» The American Instrument Co., Inc., 
of Silver Spring, Maryland, has perfected 
and is now offering for the first time, a new 
Quantitative Electrophoresis Machine 
which separates complex protein mixtures 
and presents highly accurate analytical 
data on a screen. Absolute concentration 
of components may be read directly by 
means of a linear scale. inl ‘VP 


> A new petroleum instrument, Cenco 
Vapor Pressure Apparatus, that increases 
the accuracy of low temperature fractional 
analyses by eliminating holdup error and 
uncertainties in determining cutpoints, 
is announced by Central Scientific Co., 
1700 Irving Park Rd., Chicago, Illinois. 


> Bacharach Industrial Instrument Co., 
200 N. Braddock Ave., Pittsburgh 8, 
Pennsylvania, has supplemented its Tem- 


duty centrifuge for all ordinary applica- 
tions where high speeds are not essential. 
Utilizing interchangeable heads—angle 
and horizontal for analysis and basket 
style for filtration and clarification—tt is a 
versatile centrifuge for general work. 


> Phoenix Precision Instrument Co., 
3803-05 N. 5th St., Philadelphia 40, 
Pennsylvania, announces a new Automatic 
Recording Mass Collecting Differential 
Refractometer that is able to plot re- 
fractive index changes in any non-opaque 
liquid stream. As refractive index meas- 
urements provide a sensitive means for 
distinguishing between chemically similar 
substances, this Recording Differential 
Refractometer is valuable for qualitative 
and quantitative analysis of materials 
such as alkaloids, steroids, antibiotics, 
hydrocarbons, and rare earths. The 
instrument can be adapted to continuous 
process stream monitoring. 


> Infrared spectroscopy, presently a major 
tool for the analysis of organic chemical 
compounds, will now be more readily 
available as both an educational and re- 
search tool for universities and secondary 
schools, due to a new instrument intro- 
duced by the Instrument Division of the 
Perkin-Elmer Corp. The instrument, the 
Infracord infrared spectrophotometer, of- 
fers three important features for educa- 
tional use—low cost, simplicity of opera- 
tion, and reliability. 

The Infracord will be priced at less than 
$5,000, or about one-third the cost of ex- 
isting commercial. infrared instruments. 
A chemistry student can learn to operate 
the instrument with less than an hour of 
instruction. 

In all schools, other than the large uni- 
versities, the teaching of the infrared 
method of analysis has been limited by 
the high initial cost of such instrumenta- 
tion. In addition, commercial research in- 
frared instruments have required highly 
trained operators. The Infracord spec- 
‘rophotometer, a compact and self-con- 
tained instrument, eliminates both of these 
objections. 

It is important that college and sec- 
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point thermometer line with a new, 
multi-purpose dial thermometer with a 
range of —40° to 240°F. 


> Arthur F, Smith Co. of Rochester, 
New York, announces a new development 
in the field of jointed glassware with tlie 
availability of the ASCO “Quorn’’ Stand- 
ard Taper Sleeve which completcly 
eliminates the problem of joint seizure, 


stopcock lubricants and “leaking” ground 


EFFICIENCY 


> A new vacuum system for laboratory, 


AND VERSAT, TL /, TY pilot plant, and limited production use, 


is now available from the Consolidated 
wrt) the Electrodynamics Corp., 1775 Mt. Read 
Blvd., Rochester 3, New York. Packaged 


as a unit, it was designed primarily for 
laboratory coating of various materials 
with vaporized metals. The unit is also 


useful for other purposes, such as degassing 
liquids, crystal pulling and growing, 
melting small metal samples, and de- 
gassing vacuum-tube electrodes. 


. 


oo @ A new leaflet, Form 1B856, which de- 
scribes the Oxford Model B Dialyzer, a 


unit capable of concentrating 16 separate 
- dilute solutions, up to 20 ml. volume each, 

Makes possible the Modern or equilibrating solutions against buffer 
. . * up to a volume of 5 liters, can be obtained 
Trend to Miniaturization. from Oxford Laboratories, Room No. 227, 
e a 111 Sutter St., San Francisco 4, California. 


rkeley, California, has issued a 
has bom precy expanded. new 24-page catalogue of chromato- 
graphic equipment which lists apparatus 
and accessories for both paper chromatog- 
Now | available in 18/9 spherical raphy and column chromatography. 


joints’ ds well as $ 14/20. @ The new 1957 Reference Guide to Dow 
& Corning Silicones has just been published 
Se and may be obtained from The Dow 
Many more individual components, plus Corning Corp., Midland, Michigan. 


new assemblies for distillation, 
small-scale reaction work, and Force Bridge, a computing device which 


a new magnetic semi-automatic head. can be used in pneumatic measurement 

or control circuits for square root extrac- 

Send For tion, ratio setting, division, multiplica- 

¢ tion, squaring, pressure or temperature 

New Supplement A compensation. Available from Minne- 

describing the Honey wel Warm 

oy " an indrim Aves., Philadelphia 44, 
All-New Ace ‘‘Mini-Lab 

Also in Stock for Immediate Shipment @ Latest results in water, waste and 

sewage treatment entailing the use of 


at our Midwestern Division ‘ “9 
See Separan 2610, the Dow Chemical (o.’s 
639-41 South Hancock St., Louisville, Ky. 


reported in two new booklets issued |) the 
Technical Science and Development |)cpt., 


ea: CE GLASS INCORPORATED Dow Chemical Co., Midland, Michig:.n. 
VINELAND @ NEW JERSEY @ Fischer and Porter Co., 907 Jacison- 
ville, Rd., Hatboro, Pennsylvania, manu- 


LOUISVILLE, KY., 639-41 SOUTH HANCOCK ST. 
facturer of complete process instruninta- 


lassware Specialists to Undustrg aud Research 
— JOURNAL OF CHEMICAL EDUCATION 


ing the company’s products and covers 
indicating, recording, controlling, and 


} tion, has just published Catalog 2 describ- 
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transmitting instruments for flow, pres- Park Ave., Hoboken, New Jersey, an- 
sure, and density. nounces publication of the first supplement 
to its booklet, Selected Scientific and Engi- 
@ Anew catalogue covering the corrosion- neering Tables and Data. The supple- 
resistant plastic equipment of Haveg ment, like the original 112-page Tables 
Industries, 900 Greenbank Rd., Wilming- and Data contains a wide variety of 
ton 8, Delaware, is now available. The technical information. 
catalogue, which marks the company’s 
twenty-fifth anniversary, gives complete @ Phoenix Precision Instrument Co., 
coverage to Haveg’s wide range of syn- 3803 N. 5th St., Philadelphia 40, Pennsyl- 
thetic resin formulations. vania, announces the availability of a new 
r 24-page Bulletin BP-1000 B, describing 
@ A new bulletin describing the Electric three new light scattering instruments and 
membrane method of water demineraliza- lists technical references. 
tion is now available from Ionics, Inc., Ad , 
152 Sixth St., Cambridge 42, Massa- @ A new bibliography on Dimethyl- 
chusetts. hydantoin (DMH) will be sent free to 
chemists and others interested in this field. 
@ Bulletin No. 35, just issued by Central Write to the Glyco ‘Products Co., Inc., 
Scientific Co., 1700 Irving Park Rd., Empire State Building, New York 1, N. Y. 
Chicago 13, Illinois, contains descriptive 
material and photographs of a wide @ A new 12-page brochure titled Norelco 
variety of polyethylene ware for general Electron Microscopes, giving complete 
laboratory use. 


data on the construction and operation of 
such instruments, is available from the 
Instruments Division, North American 
Philips Co., Inc., 750 S. Fulton Ave., 
Mount Vernon, New York. 


@ United States Steel Corp., 525 William 
Penn Place, Pittsburgh 30, Pennsylvania, 
has available a new edition of their 
catalogue U.S.S. Motion Pictures de- 
scribing films from their library. 


@ New Burrell Bulletin No. 834 presents 
a line of glass and metal fractionating 
columns, accessories, and adsorbents for 
chromatographic analysis. Write Burrell 
Corp., 2223 Fifth Ave., Pittsburgh 19, 
Pennsylvania. 


@ C-S Chemicals is a new quarterly 
published by the Columbia-Southern 
Chemical Corp., One Gateway Center, 
Pittsburgh 22, Pennsylvania. The publi- 


@ The new catalogue of Atomic Educa- 
tion Equipment, #102, published by the 
Nucleonic Corp. of America, 196 DeGraw 
§t., Brooklyn, New York, features equip- 
ment for demonstration and experiment 
in nuclear science. 


@ The Information Service of the Jarrell- 
Ash Co., 26 Farwell St., Newtonville 60, 
Massachusetts, has a new 4-page bulletin 
describing the Hilger-Negretti DC ampli- 
fier, an ultra sensitive, zero-drift galvanom- 
eter amplifier for use in measurement of 
extremely low currents and potentials. 


@ Victory Engineering Corp., 46 Spring- 
field Rd., Union, New Jersey, has released 
a technical paper, Form F 84 describing a 
gas analysis cell for use in gas chromatog- 
raphy—the Veco Mode! M 182. 


@ Copies of a report, entitled, The Use 
of Commercial Fertilizers, Particularly 
Nitrogen, in Forestry, may be obtained 
free of charge by writing to Dr. E. D. 
Crittenden, Nitrogen Division, Allied 
Chemical & Dye Corp., 40 Rector St., 
New York 6, N. Y. 


| SAFETY first. plus ECONOMY! 


than 375 basic industrial, agricultural, 
and pharmaceutical chemicals is an- 


nounced by The Dow Chemical Co., KEWAUNEE e Scientifically designed for maximum pro- 
Midland, Michigan. tection of personnel working with radioactive 


@ Write to Crown Zellerbach Corp., 


AIRFLOW or toxic materials. 


Chemical Products Division C. FUME HOODS * Aerodynamically efficient design permits sub- 
stantially lower face velocities—¥%s to % less 
brochure giving specifications, and general than conventional hoods. 


physical and chemical data of the Orzans 


¢ Constant volume exhaust with sash up or 


which are derived from the chemically down. 
significant non-ceHulose portion of the Mfg. Co hood 
tree. Lignin sulfonates have an out- pe oe © Savings of $100 to $800 per os 


standing ability for dispersing particles 
in water and holding them in suspension. 


@ The Computer Control Co., Inc., 
92 Broad St., Wellesley, Massachusetts, 
will be happy to forward a copy to anyone 
interested in a primer on the subject of 
digital computation. This booklet can 
help show the important rudiments upon 
be digital machine computation is 


on heating and air conditioning costs. 


WANT PROOF? Write — today —for free copy of 
new 24-page book “Airfiow Control Fume Hoods”. 
Gives characteristics, applications, specifications. 


Aeuauncee Mfg. 


4. A. Campbell, President 
5014 S. Center St., Adrian, Mich, 


@ The United States Testing Co., 1415 REPRESENTATIVES IN PRINCIPAL CITIES 
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In one school test, PyrEx brand test tubes outlasted other kinds 
3% to 1. You get longer, stronger service with Pyrex ware. 


How to save safely on laboratory glassware 


If you’re now using glassware with less 
than the stamina of Pyrex brand glass- 
ware—you can reduce glass costs—and 
increase student safety. 

Specify Pyrex brand for all your 
glassware, and get, to begin with, re- 
sistance to chemical attack, mechani- 
cal shock and thermal impact—uniquely 
combined in this glass. PyREx brand 
glassware has a remarkable disregard 
for the rough handling of inexperi- 
enced students. 

Besides the inborn qualities of en- 


PYREX’ 


durance you get in PYREX ware, you 


get a wonderfully reassuring element 


of safety that we build in. We design 
and construct added strength into the 
ware at every logical place. We make 
walls extra heavy and uniform. We put 
shoulders on graduates to absorb upset 


impacts. And these are just two of 


many examples of added life we build 
in Pyrex brand labware. 

As a result—accidents that toll the 
knell of lesser ware, leave PYREX brand 
ware undamaged, ready for work an- 


other day. 

Save in your laboratory and do it 
safely. Standardize on Pyrex brand 
ware. Your Lab Dealer will help you. 

Send for your copy of LP36—Lab- 
oratory Glassware by Corning — the 
1956 catalog. 


CORNING GLASS WORKS 
76-2 Crystal Street, Corning, N. Y- 


meant research it Glas 


laboratory ware 
... the tested tool of modern research 
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cation deals with services and products of 
this corporation. 


@ A brochure has been prepared by the 
Forest Products Division of Olin Mathie- 
son Chemical Corp., 460 Park Ave., 
New York 22, N. Y., producer of Frost- 
kraft paper, bags, corrugated containers, 
and multi-wall bags, to explain how Kraft 
paper is made. The title is Forest Prod- 
ucts Division. 


@ A new 33-page technical brochure 
entitled Data Sheets 101 (1957) completeiy 
describing construction features, per- 
formance characteristics, and typical appli- 
cations of non-shock sensitive non- 
retentive Fernetic and Co-Netic magnetic 
shielding material has just been released 
by Magnetic Shield Division, Perfection 
Mica Co., 20 N. Wacker Drive, Chicago 
6, Illinois. 


@ Crystal lattice models manufactured 


Hot-Wire-Type Glass Tubing Cutter 
Produces Clean, Straight Breaks 


Cuts Tubing up to 3 Inches in Diameter 
e Cuts Pyrex-Brand Glass or Soft Glass e Adjustable Heating Current 


Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is required. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4'/2 x 9 inches high. 


by E. Leybolds Nachfolger in Cologne, 
Germany, are now available in the U. 8. 
Information about them can be obtained 
from Arthur 8S. LaPine and Co., 6001 S. 
Knox Ave., Chicago 29, Illinois. 


@ Information on low-ash methanolic 
solution of tetramethyl ammonium hy- 
droxide may be obtained from South- 
western Analytical Chemicals, 1107 W. 
Gibson St., Austin 4, Texas. 


MISCELLANY 


* The Manufacturing Chemists’ Associ- 
ation recently announced a program of 4 
assistance to American education. The . ae 

primary goals are: (1) to assist educators ®¢e 

through the development of science ualifi ed 

teaching aids and curriculum enrichment 3 / 4 todo the BEST * 
materials and services, and, insofar as 

possible, to encourage the liberal education 
of students in order that they may be 
equipped for the able performance of broad 
responsibilities; (2) to aid and encourage 
the education, recruiting and inservice 
training of science teachers and education 
administrators, seeking thereby not only 
to increase their numbers and effectiveness 
but also their prestige, and (3) to inspire 
especially talented students in science and 
mathematics with the desire to follow 
science as a career, either in industry, 
government, or education. 


* In an article titled, Should Your Child 
Be an Atomic Scientist?, Lawrence R. 
Hafstad, vice-president in charge of the 
Research Staff of General Motors Corp., 
urges parents of the youngster “with a 
scientific gleam in his eye” to encourage 
their child to prepare for a career in the 
nuclea’ science field. 


*® Engineers Joint Council, 29 W. 39th 
8t., New York 18, N. Y., announces the 
1957 Nuclear Congress to be held in Con- 
= Hall, Philadelphia, March 11-15 


Each, $27.50 No. 5210 
W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880—————— 
1515 Sedgwick Street, Dept.D-1 Chicago 10, Illinois, U.S. A. 
Maaufacturers of Scientific Instruments and Laboratory Apparatus 


 ABSOL SOLUTE SAFETY 

COMPLETE NEUTRAL 

HIGH CHEMICAL RESISTA! 

EXCELLENT DIMENSIONAL STABI 

RESISTANCE TO AGE DISCOLORATIO! 
WATER-WHITE TRANSPARENCY 


%& From the reagent researchers of the 
Fisher Chemical Mfg. Division, 309 Fisher 
Building, Pittsburgh 19, Pennsylvania, 
comes the laboratory world’s first perfected 


NALGE Inc. 


ROCHESTER 2,NEW YORK 
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chromatography 
column 


because 


¢ The only valve universally acceptable 
for all chromatographic columns, in- 
cluding ion-exchange. 
¢ Valve will not leak or freeze—and no 
lubricant is required. 
¢ Column is easily taken apart at the 
coupling to’ facilitate extrusion of ab- 
sorbent for analysis or 
cleaning. 
Sturdily constructed of 
heavy wall tubing for 
utmost safety in han- 
dling and in operation. 
Designed for flexibility 
—column length, por- 
osity can be adjusted 
easily with interchange- 
able parts and ac- 
cessories. 
Removable filter disc 
permits use of one 
column over wide range 
of absorbents. 


The Ultramax chromatography 
column has been enthusiastically 
received in many laboratories. Here 
are only a few good reasons why 
users prefer them. Write today for 
complete information and prices. 
In fact, contact Fischer & Porter 
first for all precision glass. 


FISCHER 
and PORTER CO. 100. 


4327 COUNTY LINE ROAD, HATBORO, PA. 


A60 


Edttor's Gasket 


primary standard for acids, a high-purity 
stable material permitting direct one-step 
acid standardization. 

The new standard—Fisher Certified 
Tris (hydroxymethyl)-aminomethane (or 
THAM)—is individually lot-analyzed, 
with a minimum assay of 99.90%...melt- 
ing-point range (heated at rate of 6° per 
minute) is 170.9°-171.3°C...and the pH 
(for a 0.05-M solution at 25°C.) is 10.4 


% A new solvent of low toxicity should 
increase the safety of laboratory per- 
sonnel, according to Chicago Apparatus 
Co., 1735 N. Ashland Ave., Chicago, 
Illinois. The solvent is Vythene, a non- 
inflammable trichloroethane which has 
solvent properties similar to carbon 
tetrachloride but a far lower toxicity. 
The maximum allowable concentration in 
air is 500 parts per million, about 20 times 
as great as that of carbon tetrachloride. 


“Encouraging Scientific Talent’ by 
Charles C. Cole, Jr., should be of interest 
to all educators, organizations, and indi- 
viduals concerned with the scientific 
manpower problem. It is available from 
the Educational Testing Service, P.O. 
Box 529, Princeton, New Jersey, for 
$3.50. 


Titled “Heat Transfer—400°-750°F.,” 
a 22 minute Kodachrome film stresses 
the importance of uniform and precise 
temperature control in various production 
processes. It was recently produced by 
the Dow Chemical Co. and is now avail- 
able through the Modern Talking Pictures 
Service, Inc., with branches in most 
large cities. 

* Fisher Scientific Co., 711 Forbes St., 
Pittsburgh, Pennsylvania, announces the 
availability of Reagent grade 1,1,1- 
trichloroethane as the least toxic of 
chlorinated solvents which can be used 
instead of chloroform and carbon tetra- 
chloride in numerous instances. 


*% The American Iron & Steel Institute, 
150 E. 42nd St., New York 17, N. Y., 
has made available two new film strips 
for educators. They are Raw Materials of 
Steelmaking and Community Resources 
Workshops for Teachers. One copy of 
each of these is available free to each 
school system. Raw Materials of Steel- 
making, an illustrated brochure is also 


“gratis. 


% Standard X-ray Diffraction Powder 
Patierns, National Bureau of Standards 
Circular 539, Volume 6, by Howard E. 
Swanson, Nancy T. Griffith and Marlene 
I. Cook (40¢) is the sixth of a series and 
includes 44 standard x-ray diffraction 
powder patterns which are invaluable in 
the identification of unknown crystalline 
materials. 

Bibliography on Nitrogen 15 by Mar- 
garet W. Chapman and Herbert Broida, 
National Bureau of Standards Circular 575 
(15¢). 

Both are available from the Government 
Printing Office, Washington 25, D. C. 


The modern way 
to dispense 
predetermined 
volumes 


simply, easily 


and accurately 


This unique device will deliver predeter- 
mined’ quantities of liquid—repeatedly—with- 
out resetting or remeasuring. The AUPETTE 
is a great time saver in routine tests or pro- 
cedures wherever a given volume of liquid is 
to be dispensed again and again. Changing 
the desired volume is a simple matter of 
moving 2 locking nuts. 


The Adams AUPETTE comes in three sizes 
of 10 cc, 5 cc, or 1 cc capacity. The two larger 
sizes are calibrated in 1/5 cc; the latter, in 
1/100 ce (for micro work). Each AUPETTE 
is accurate to + 1.5% with liquids of water 
consistency. 

AUPETTE syringes are standard types (for 
easy replacement) and each of the three 
syringe sizes can be used interchangeably in 
every AUPETTE by means of nylon adapters. 
AUPETTE is priced at $22.50 (10 cc and 5 
pi and $25.20 (1 cc) at your local eony 


“Clay. Adams 


Pat. App. For NEW YORK 10 
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FILTRATION RETENTION 


ATA 


GLANCE 


[ASH-LOW PAPERS 


‘Carl Schleicher & Schuell Co. 


Hi 


How many times have you wanted to know quickly, the Sane 
retention values of various analytical filter papers? 
As a service to teachers of analytical chemistry, Schleicher Carl Schleicher & Schuell Co. 
& Schuell would like you to have one of these valuable, Box JC-27, Keene, New Hampshire 
easy-to-read wall-size filtration charts. Please send my FREE Classroom-Size 
This chart shows the relative retention values of S&S Ana- Filtration Chart. 
lytical Filter Papers and other leading brands, and is a 
practical tool for selecting the proper grade of filter paper. 

(Name) 


r 
4 
i 


HIGH QUALITY ANALYTICAL FILTER PAPERS 


The wide selection of S&S Filter Papers combined with 
complete standardization of physical characteristics, have 
gained S&S their reputation for consistent accuracy. 


(School, College or University) 
Send for your free Filtration Chart now—for use this 
semester. Tape, or tack it on your classroom wall. For in- 
formation about this same chart in notebook-size for stu- 
dents, place a check mark on the coupon, but mail it today! 


(City or Town) (State) 


[ Also send information about notebook-size charts 
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ved ot STEEL 


and 


cool cool COMFORT 


A glowing steel ingot and a room-cooling air conditioner are at 
opposite ends of anybody’s thermometer—yet Allied Chemical 
is concerned with both. 


It’s as simple as this: The heart of the air conditioner is the 

refrigerant. In this case, it’s GENETRON, a product of our Gen- 

eral Chemical Division. This same Division also supplies the 
aw acids used in the processing of steel. 


A sister Division, Semet-Solvay, supplies foundry coke and 
designs and constructs the famous Wilputte Coke Ovens for 


HERE’S HOW THEY’RE steel and other industries. Many more examples could be drawn 


of how the Company’s seven producing Divisions are allied. 
Their products—more than 3,000 of them—are so basic that 
‘ it would be hard to find a home, farm or factory in America 

that they do not serve in one way or another. 


Allied is constantly striving to find new ways to serve your 
needs better. 


TRADEMARK PRODUCTS INCLUDE: 


Tarvia Road Tar * National Biological Stains » Semet-Solvay Coke » Solvay Vinyl Chloride 
Genetron Refrigerants * Koreon (One-Bath Chrome Tan) * Procadian Urea Feed Mixture 
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BURNING MAGNESIUM IN STEAM 


Submitted by: F.B. Dutton, Michigan State University 
Checked by: C.N. McCarty, Michigan State University 


PREPARATION 


A hole '/s in. in diameter is blown near the closed end 
of a 7- or 8-in. Pyrex test tube. A coil of magnesium 
ribbon is inserted a short distance below the hole 
blown in the tube. Approximately 10 ml. of water are 
introduced into the tube. The tube is then stoppered 
and clamped at about a 30° angle with the stoppered 
end down. 


DEMONSTRATION 


With a bunsen burner, the water is brought to boiling 
and the magnesium heated strongly enough to start it 
burning in the steam. The hydrogen is then ignited at 
the hole. 


REMARKS 


An alternative method is to pour about 2 or 3 ml. of 
water into a 6-in. Pyrex test tube. Asbestos shreds 
(not packed tightly) are introduced to soak up the 
water. A coil of magnesium is introduced to a depth 
about 1/2 in. above the asbestos. The tube and mag- 
nesium are heated as above. The magnesium ribbon 
must make good contact with the glass to permit heat 
transfer. 


Science Masters Book, John Murray, London, 1956 
Part II, Series III, p. 85. 


A, 7” test tube; B, magnesium ribbon; C, water; D, stoppers; 
E, bunsen burner; H, meker burner; G, small hole in test tube; 
F, burning hydrogen. 
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HEAT CONDUCTIVITY OF GASES 


Submitted by: John W. Barker, Wittenburg College 
Checked by: F. B. Dutton, Michigan State University 


PREPARATION 


Assemble the apparatus shown at the right and pro- 
vide cylinders of hydrogen and carbon dioxide. 


With the tube filled with air and the electrical circuit 
closed, the wire glows visibly. Displace the air with 
carbon dioxide entering through the lower stopcock and 
observe the increasing brightness of the glowing wire. 
Displace the carbon dioxide with hydrogen gas entering 


at the upper stopcock and observe that the wire no 
longer glows. 


CAUTION: Be absolutely certain there is no air or 
oxygen in the tube when hydrogen is admitted. Dis- 
Place air from connecting tubes with hydrogen before 
attaching to the stopcock. 


REMARKS 


Lighter molecules which are traveling faster conduct 
t away from the wire most rapidly. Vide et crede. 


2" x 4' PYyRex\ TUBE 


No. 30 B4¢S CHROMEL A 
6.5A/FT. 


1000 w. 
HEATING 
ELEMENT 
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STIMULATE 
LEARNING 


You effectively demonstrate many 
applications of a photochemical na- 


ture with this compact and power- 
ful lamp. 

The Hanovia Utility Model Quartz 
Lamp is excellent for use in all 
phases of ultraviolet photography, 
i.e., “reflected ultraviolet procedure” 
and the “fluorescence method”, It is 
highly satisfactory for illumination 


of optical apertures, for microscopy 
and absorption spectra studies. 


Extremely flexible in use, the 
lamp housing turns readily from a 
vertical to a horizontal position. 
Weighs only 18 pounds. Light source 
is a high pressure electronic dis- 
charge quartz mercury arc, with 
U shaped active arc length of 14%”. 
Photochemical Reactions by Immersion. 
Hanovia laboratory-size immersion 
equipment excellent for teaching 
and testing of actinic radiation proc- 
esses, Enables reaction techniques 
to be evolved and evaluated. Double- 
walled Quartz or Vycor glass im- 
mersion wells fit standard 5 or 12 


liter laboratory flasks. Permits 
study of admixture of reactants, 


temperature control, and maximum 
light ultilization of the high-pres- 
sure mercury-vapor ultraviolet 
lamp. 

YOURS ON REQUEST: Valuable, in- 
formative, 16-page brochure, PH0- 
TOSENSITIZATION, a review, details, 


facts on Photochlorination, Oxida- 
tion, Isomeric Transformation, De- 


composition, ete. Write Dept. E-2 
CHEMICAL & MFG CO 
(2NGELHARD INDUSTRIES ) 
, 100 Chestnut Street, Newark 5, N.J. 


Chicago * Cleveland « Washington, D.C. 
Los Angeles ¢ San Francisco 
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Use this new 
MC&B catalog 

for practically 

all of the 

reagent chemicals 
meeded in 
laboratory 
work!... 


Depend on MC&B for fine organics, 
inorganic reagents, indicators, stains 


Our complete stock of over 4000 Chemicals helps your 
Distributor give prompt service on all MC&B Chemicals. 
Write for this New 1957 Catalog 


Over 4000 chemicals from a single source! 


Our Norwood Plant is a basic 
manufacturer of many Organics, 
Reagents and Stains. 


(¥3;3 Matheson Coleman & Bell 


Division of the Matheson Company, Inc. 
Norwood (Cincinnati), Ohio; East Rutherford, N. J. 
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Chromatocab 


The COMPLETE LINE of 
Specially Designed Equipment for 


Chromatocabs 
Electric Desalter 
Drying Oven 
Sample Applicator 
Solvent Assemblies 
Micro Pipets 
Stainless Steel Clips 


Drop Counter 


Densitometers 


Electrophoresis Apparatus 


Distillograph for 
Vapor Phase 
Chromatography 


Fraction Collector 


Round and Rectangular Jars 


Ultra Violet Lamps 
Long and Short Wave 


...and other useful accessories 


CATALOG RE13 describes the Complete Line of 
RECO Chromatographic Equipment. 


Send for your copy today. 


Desalter 


SEARCH EQUIPMENT CORPORATION 


1135 Third Street, Oakland, California 


Rinco- 
Multiple 


Evaporator 


High Capacity 
Fast Evaporation 
Multiple Use 


Designed to provide large scale, rapid 
evaporation without elevation of tem- 
peratures; offers rapid evaporation of 
low volatility solvents with capacity of 
2000 ml. From one to four evapora- 
tions carried out simultaneously, flasks 
are quickly and easily interchanged. 
Driven by a 115 Volt AC motor operat- 


ing an enclosed chain-drive mechanism, 


rotates at a constant speed of 56 rpm at 
approximately 36 inch-ounces of torque. 
Large (12”x16”) cast aluminum H-type 
support base for maximum stability. 


39479 — Multiple Unit, 4 Stage Rinco 
Evaporator; complete with base and 
adjustable column, but less glassware 
and tubing $390.00 


Write for Bulletin ............0....... 19-103 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 


5655 Kingsbury, St. Louis 12, Mo. 


LOS ANGELES @ PHOENIX @ SAN FRANCISC® 
SEATTLE DENVER ® #£MINNEAPOLIS 
KANSAS CITY @ DALLAS @ NEW ORLEAN~ 
WASHINGTON, D. ATLANTA 
PITTSBURGH MIAMI 
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sensitive reproducible flow control 


glass and teflon’* needie valves* 
with PYREX** brand glassware 


Pyrex brand glass #7740 for use in combination 
with Manostat needle valves. 


@ Separatory Funnels of all types. 


@ Chromatographic Columns — unique and simple design 
with perforated disc — easily disassembled for cleaning. 


@ Distillation Heads — infinite control of reflux 
Write for Needle Valve Special Glassware Bulletin. ratio — constant and reproducible. 


The EMIL GREINER Co. 


222 N. MOORE DEPT. 221 N.Y. 13, N.Y. ***T. M. Corning Glass Wks. 
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for Karl Fischer MOISTURES 5 WATER STILLS 
With a Barnstead Water Still 
you get a constant, automatic 


supply of chemically pure, 
sterile water of absolute qual- 
it fe ity. Other Stills with capacities 
ic te of up to 1000 G.P.H. Write for 
Catalog G. 
At $213.40 complete, A BOTTLE PUMP. 
the new WACO for Karl / Barnstead Ventgard Bottle Pump 
7 . pumps distilled water or other 


Fischer moisture determi- / liquids from carboys. Protects un- 
used contents from air-borne con- 


nations now features : Y tamination. Traps particles, dust, 
my mist, bacteria, radioactive dust, 


NO-DRIP, BALL JOINT Q | > Ale etc. Removes particles as small as 
Mm 0.2 micron. Write for Bulletin #140. 


rex glassware ... pl 


Drain Flask, WACO 4 : a Complete line of tin-lined piping, tin- 


lined valves and tin-lined fittings 
magnetic stirrer . . . for 


icati : : distilled water distribu- 
oe application! Hun tion systems. Write for 
dreds of users of the orig- 4 Bulletin #139. 

inal WACO may also STOCKED BY YOUR LABORATORY SUPPLY DEALER 


modernize as parts are i i D arn: stead 


INTERCHANGEABLE! STIL & DEMINERALIZER CO. 


(No. JC5653A) New TE ; 65 Lanesville Terrace, Boston 31, Mass. 
WACO reservoir with a 
Ball Joint! Capillary 
outlet and silk finish 


Fast! Accurate! Economical! 

GAS CHROMATOGRAPHY 


rettes, one for Water Methanol and other for 
Fischer Reagent, also, when standardizing reagents ‘Thermal Conductivity Cell 

and for DIRECT titration. For 225°C operation. Three models in bras? 
or stainless steel to meet specialized applica- 
tions. Small internal volume, fast response, 
(No. JC-5658) NEW WACO Drain Flask has a stoppered convenient mounting, electrical connection 
New sample is ag outside of bath. 


opening for introducing new samples. 
added through the side opening and procedure re- Temperature Regulated Cell 
peated, WITHOUT AGAIN titrating to end point. Drain For operation at 

through lower stop cock. room temperature 

or 200°C. A com- | 


1 = i 
(No. JC-5660) Small WACO Magnetic Stirrer used in- ' 


stead of the motor and stirring rod. Particularly t less steel gas flow, 
convenient when using the Drain Flask set-up. May : preheater, close 
ered separately for your present assembly lation, rapid elec- | 
trical and gascon- 
nections. 
Power Supply and 
WRITE FOR new WACO Titrator bulletin JC-2 and new 4 Control Unit 


Directions, based on the latest technics! rae ce gives five minute hook-up with 
s complete circuitry for these 
T/C cells. Call or write for 
catalogs or recommendations. 


LABORATORY SUPPLIES AND CHEMICALS 
INSTRUMENT .C 
WILKENS- ANDERSON CO. COMMA 


43525 W. DIVISION ST., CHICAGO 51, ILLINOIS 7.3850 
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| Drove it to yourself, . . 
Water Demineralizers make the ‘Two-way “tect 


Model Ry (left) produces de- 
minerali water in continuous rotory glesswore—tlet 
flow from 5 to 8 gallons per hour. the be be you it is practical, 
Model BD-2 (right). operates under easy method if you = 
pressure . . . produces from 5 to the, mest for your 
3 | 25 gallons per hour. Both employ HERE'S THE “TWO-WAY” 
1 | replaceable resin cartridge. No 
‘ moving parts—connects to any tap. . Obtain samples 
ious brands of advertised glass- 
war includi R 
WATER BATH MOND D BLUE LINE subject 
Completely portable . . . bottle feed this glassware to the most 
or hose connection . . . inside shelf stringent tests you can devise. 
for flasks . . . six outside openings 
14-tube holder in center .. . odds are that you will find 
polished metal exterior . . . built-in more value for less money in 
switches and pilot light. One filling the Diamond D Blue -Line. 
operates bath for more than 10 
hours at low heat. 


PURITY METER 


Checks purity of distilled water 
as well as demineralized water 
in just 30 seconds. Provides that 
extra measure of protection at 
low cost. 


TOCKED BY YOUR LABORATORY SUPPI DEALER 


STILL & DEMINERALIZER CO. DOERR GLASS COMPANY 
Vineland, N. J. 
65 Lanesville Terrace, Boston 31, Mass. 


For fluorometric analyses, assay 

and identification of chemical con- 
stituents ...in the 

ULTRAVIOLET, VISIBLE 

and INFRARED REGIONS 


THE FARRAND* 


FOR MANUAL OPERATION, FOR RECORDING 
OR FOR OSCILLOSCOPE PRESENTATION 


The Farrand Spectrofluorometer is designed affords great sensitivity and response even 
for determining the optimum wavelength when using capillary or micro volumes of 
for activating Organic Compounds and the highly diluted solutions. 

om wavelength for measuring their It is not of a console-type construction, and 
orescence therefore can be serviced readily without dis- 
The instrument is simple to operate, and the mantling. 

efficiency of the optical and detector system 


BULLETIN NO. 820 UPON REQUEST 


FOCI OPTICAL COMPANY, INC. 


TRADE MARK 
Precision Optics ‘ 
BRONX BLVD. & EAST 238th STREET NEW YORK 70, new 
Scientific Instruments 
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A new. STAR is 


the ge? 


born! 


Stainless Steel 


ELECTRIC PIPETTE DRYER 


For use with your Pipette Washer! 


* 


SAVES TIME 


* 


SAVES MONEY 


* 


SAVES NERVES 


THE BOEKEL PIPETTE DRYER is the new, 
all stainless steel companion to the well-known 
Boekel Pipette Washer. 


It will completely evaporate the moisture from a 
batch of Pipettes by circulating hot air over all 
surfaces. 


The time required is one hour, more or less, 
depending upon the size and quantity of Pipettes. 
Moisture is released through the vented top, 
ingeniously mounted on the cytander for easy 
opening and closing. 


Use any standard Pipette holder with a diameter 
up to 5'/,”. 


Take the Pipette holder directly from the washer 


* 


SAVES MAN-HOURS 


* 


SAVES FUSS AND BOTHER 


* 


SAVES PIPETTES 


and permit it to drain for a minute or two, then 
place it into the Dryer and forget. 
Accommodates any length pipette up to 375 mm. 
Overall height 23'/.” with a cylinder diameter of 
5'/.” mounted on a 10'/2” base. 

Apparatus is heated by 225 watt, 115 volt unit 
controlled by a toggle switch. 

For convenience there is a neon pilot light, and for 
safety a cord and plug with ground. 


Ask for a Boekel #1372 Pipette Dryer, for 115 Volts. 


Please note that the 137414 Pipette Holder, if 
required, should be ordered separately. 


By utilizing extra holders in your laboratory, 
several lots of glassware may be proc 
simultaneously. 


SEE YOUR LABORATORY SUPPLIER NOW! 


Manufacture WM. BOEKEL & INC. 


PHILADELPHIA 6, PA... 
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i. will you need balances... 


consider these advantages of fast, 
accurate Ainsworth Chainweight and Right-A-Weigh 
Balances for your laboratory... 


e Weighings can be made faster than with the conventional 
“rider” type balance. 


AINSWORTH CHAINWEIGHT 
R BALANCE 


e With faster weighings you require fewer balances, less room. 


a es e Faster weighing permits students to spend more time on 
other laboratory work. 
then 
Provides students with opportunity to become familiar 
™ a hh. & with the chainweight and one-pan balances which are used 
ter 0) ie 
so widely by government and industry. 

unit 
ad for 

if ae | he CONSULT YOUR LABORATORY SUPPLY HOUSE AND 
SPECIFY AINSWORTH...FOR QUALITY AND VALUE 


AINSWORTH RIGHT-A-WEIGH 
BALANCE 
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Wa, AINGWOIRTIT & SONS, IN 
MI. AMIINS OR THI ONS, 
LAWRENCE STREET DENVER 5, 


The Welch PLUS Probe, and Transmission Light Source 


DENS ICHRON Comprises the Highly Sensitive, Stable 
_ TRANSMISSION DENSITOMETER 


Provides a Simple and Remarkable Technique 
for Quantitative Micro-Analysis in 


PAPER CHROMATOGRAPHY 


No. 3835B Patent No. 2424933 


It has been found that, because of the differential migration of the solutes through filter paper the maximum 
color density of the paper is proportional to the concentration of material. The “no drift” feature and the high 
sensitivity of the Densichron provide measurements of excellent repeatability with accuracies having high statistical 
significance. It has been successfully used for amino acids, sugars, vilamins, steroids, hormones, drugs, and on 
endless variety of both organic and inorganic compounds. : 


DENSICHRON WITH BLUE OR RED PROBE. This consists of the 
amplifier with logarithmic-scale meter, blue or red sensitive probe, 
metal probe support, five different measuring apertures, a cone 
with Ye-inch aperture, and a set of instructions. The amplifier 
operates on 115 volts, 60 cycles A.C., only, except on special 
order. 


TRANSMISSION LIGHT SOURCE UNIT. This is an enclosed light 
source powered by a constant-voltage transformer and equipped 
with a hinged arm for supporting the Densichron probe. The plate 
or film to be observed is placed over the aperture and the probe 
is lowered into position for a reading. Suitable controls are pro- 
vided. It operates on 115 volts, 60 cycles A.C. 


No. 3835B Complete $425.00 


Write for literature describing the production of papergrams and the use of the Densichron for quantitative 
determination by the maximum density method. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880———————- 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instr ts and Laboratory Apparatus 
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VEaARS orf PUBLISHING 


LOOKING FORWARD 


Robert Fulton’s marvelous steamboat 
fired the minds of forward-looking men 
when she churned up the Hudson 

in 1807. 


To the House of Wiley, founded that same year, 
the Clermont’s voyage opened up 


a new and exciting frontier in publishing. 


If America were to exploit her new industrial age, 
pioneering books would have to be provided. 

It is this demand — greater in 1957 than ever — 
that Wiley has been meeting successfully 

for one hundred and fifty years. 


Today, the Clermont’s atom-powered granddaughter 
slips through the seas... 
the scientific community continues to expand .. . 


and, planning for the future, 


John Wiley & Sons looks forward to publishing 


an ever-greater number of distinguished books 
in all areas of pure and applied science. 


JOHN WILEY & SONS, Inc. | 
440 Fourth Avenue, New York 16, N.Y. 
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Recent Sooke 


“In dealing with chemical experiments, we 
shall follow custom and use grams i 

of newtons,’’ followed by this footnote: 
“Nowhere in this book will a weight or 
other force be expressed in kilogram- 
weight, nor will the word ‘gram’ ever re- 
fer to anything except weight. There- 
fore, ‘20 g’ will always refer to a weight, 
and ‘5 kg’ will always refer toa mass. In 
this way, confusion can be entirely 
avoided.’’ This reviewer doubts that 
this dodge is either desirable or necessary. 
(Fortunately, this extreme is not typical 
of the book as a whole.) 

Although a long form of the periodic 
table is shown, it is disappointing to find 
that the short form is the one emphasized 
and used. Some sections are too sketchy: 
Chapter 70, for example, and the intro- 


duction to organic chemistry in Chapter 
61. The treatment of organic chemistry 
puts too much emphasis on nomenclature. 

The chapters are short; few more than 
ten pages, each intended to be one day’s 
assignment. Summaries, reading refer- 
ences, and questions are supplied. Too 
many of the questions, however, can be 
answered by statements memorized or 
quoted from the chapter; not enough re- 
quire the student to think or apply what 
he has read. 

Each of the 24 portraits of outstanding 
scientists is accompanied by a brief bi- 
ography. Many of the chapters begin 
and/or end with an appropriate quotation 
from scientific or literary sources. 

The book in general follows a nearly 
chronological order. The chronology re- 
sults in the discussion of some topics being 
essentially finished before modern ideas 
are reached. (For example, the discus- 


You'll find automatic burettes 
on pages 16 and 17 of Corning’s 
Catalog CA-2> 


USPOM MA 


The advantages of automatic burettes are wait- 
ing for you here. Here’s how to have them 
where they belong—in your laboratory. 

First, check the index of Corning’s Catalog 
of Custom Apparatus. It refers you to a listing 
of five different kinds on pages 16 and 17. 
You'll learn that the tubing is precision bore, 
precisely graduated to Class A accuracy toler- 
ances. Also, that the one you need is made of 
Pyrex brand glass No. 7740, with all its useful 
properties. 

If none of the 5 automatic burettes listed is 
quite the one you need, dash off a rough draw- 
ing (showing dimensions and quantities needed ). 
send it in and we’ll make it up. 

Our Special Apparatus Department devotes 
all its time to turning out ware in the Pyrex 
brand glasses — to Corning’s critical quality 
standards—on special order. 

Send us the coupon for your copy of CA-2. 
You'll find it indispensable. 


Comming meand research ie 
CORNING GLASS WORKS 70-2 Crystal Street, Corning, New York 


Please send me a copy of your new Special Apparatus Catalog CA-2: 
“Custom-Made Laboratory Glassware.” 


Title. 


sion of electric currents occurs before 
electrons are introduced.) This reviewer 
would have preferred to see less spa:e 
given to the older material, and would 
have preferred a more rapid plunging 
ahead to modern understandings. Nevir- 
theless, the more thoroughly one studies 
the text, the more apparent it is that the 
author has followed a carefully worked 
out plan and has produced a carefully 
written book. 

WILLIAM E. MORRELL 
UNIVERSITY OF ILLINOIS 
ILLINoIs 


HIGH PRESSURE TECHNOLOGY 


Edward W. Comings, Professor of Chemi- 
cal Engineering, Purdue University, 
McGraw-Hill Book Co., Inc., New York, 
1956. xi + 572 pp. 237 figs. 16 x 
23.5 cm. $11.50. 


Processes operated at high pressures 
are becoming more and more important 
as new materials of construction and tech- 
niques are developed. This book dis- 
cusses the processes, equipment, tech- 
niques, thermodynamics, and other phases 
of high pressure technology. 

A brief introduction states the scope of 
the book, after which Professor Shreve 
describes many inorganic and organic 
processes operated at high pressures. Pro- 
fessor Van Ness has written a short chap- 
ter on metals and their resistance to high 
pressures, high temperatures, and hydro- 
gen. Safety while operating at high pres- 
sures is absolutely necessary, hence a 
short description of precautions is given. 

A lengthy chapter on equipment re- 
views various types of apparatus, such as 
pressure-measurement devices, closures, 
connections, valves, and compressors. A 
short chapter gives equations necessary 
for the design of thick-walled cylinders. 
A lengthy chapter describes experimental 
techniques such as the measuremeris of 
P-V-T relationships, phase equilibria, 
heat capacity, viscosity, and other physi- 
cal properties. 

The extensive chapter on the thermo- 
dynamic properties of gases and liquids at 
high pressures is excellent. It discusses 
phase equilibria, equations of state, and 
the effect of pressure on physical proper- 
ties and thermodynamic functions. Short 
chapters treat the effect of high pressure 
on the unit operations of fluid flow and 
heat transfer, on chemical equilibrium, 
and on chemical reactors, both in mecha- 
nism of catalytic reactions and mechanical 
design of the reactors. 

The concluding chapter discusses in de- 
tail the first of the high pressure reactions, 
the synthesis of ammonia. It gives the 
history, thermodynamics, preparation of 
gases, kinetics and operation of the proc- 
ess. A series of appendixes gives infor- 
mation on units and dimensions, values 
for the Redlich-Kwong equation, ome 
constants for three equations of state, 
Amagat units for several gases, !ibli- 
ography of P-V-T measurements for many 
pure gases, and some mixtures, some 
physical-chemical data, values of compres- 
sibility (z) factors, equipment and mate- 
rials, flammability limits, a series of prob- 
lems and questions to accompany the 
twelve chapters, and finally a glossary of 


(Continued on Page A77) 
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HARPER A NEW 
ANNOUNCES A liberal arts type course SCIENCE TEXT 
in the fundamentals of 


chemistry for College Freshman 


GENERAL COLLEGE 
CHEMISTRY 


By Jesse H. Wood and Charles W. Keenan 
University of Tennessee 


Convinced that general chemistry best serves the student’s needs with respect to later 
specialization in any field, including chemistry, and helps best to give him the stamp of 
an educated man, when it is patterned as a liberal arts course with the aim of developing 
fundamental principles in each of the major fields of chemistry, Professors Wood and 
Keenan have designed a text to stimulate continuous development. It is comparatively 
slow-paced for the first 10 chapters, becoming more demanding until by the end of chapter 
23 the student is expected to have mastered most of the principles of chemical reactions. 
This grading of material is accompanied by a careful development of terminology so that 
the student is not faced with terms and concepts to which he has not previously been 
properly introduced, and excellent “perspective” chapters on topics of general interest 
such as scientific methods, history of chemistry and chemical nature of the world. 


LABORATORY MAN UAL by Professor Wood and 


William T. Smith, Jr., University of Tennessee 


Detachable answer sheet workbook designed to be used with GENERAL COLLEGE 
CHEMISTRY. May be used equally well with other introductory texts. Experiments 
on techniques, descriptive inorganic chemistry, semi-quantitative analysis, prin- 
ciples, measurements, radiochemistry, electrochemistry, organic chemistry, and 
qualitative analysis. 


HARPER & BROTHERS PUBLISHERS SINCE 1817 


49 East 33d Street, New York 16, New York 
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COLLEGE TEXTS 


ORGANIC CHEMISTRY 
by H. HARRY SZMANT, Duquesne University 


An integrated introductory treatment of organic 
chemistry with dual emphasis on the theoretical 
aspects of organic chemistry and the industrial 
interrelationships and _ utilizations of organic 
compounds. 


An introductory chapter presenting the funda- 
mental concepts of modern structural chemistry 


approx. 860 pages 6” x9” 


[0 be published in March... 


is followed by the main section of the book in 
which the preparations, reactions and utiliza- 
tions of organic compounds are outlined in a 
systematic and comprehensive fashion. The 
third section of the book consists of a collection 
of concise chapters in which special and more 
advanced topics are presented. 


@ Price to be announced 


Other Chemistry Texts from Prentice-Hall 


INTRODUCTION TO 


SEMIMICRO QUALITATIVE ANALYSIS, 2nd Edition 


by C. H. SORUM, University of Wisconsin 


This text is a brief and concise presentation of 
the fundamentals of semimicro qualitative analy- 
sis specifically designed for those schools in 
which qualitative analysis constitutes a portion 
of the laboratory work for the second semester of 
general chemistry. The entire book is organized 


198 pages 554” x 83%” 


around the procedures, and the principles are 
presented in the form of notes immediately 
following each procedure, giving the student the 
discussion and explanation of a fact, principle 
or process at the time and place when he can 
most appreciate their significance. 


@ Published 1953 ¢@ Text list $2.95 


HOW TO SOLVE GENERAL CHEMISTRY PROBLEMS 


by C. H. SORUM, University of Wisconsin 


A self-teaching book that presents a carefully 
graded collection of 500 problems to be solved by 
the general chemistry student—complemented 
by textual matter which reviews the principles 
embodied in the problems, indicates methods of 
solution, and illustrates each problem type with a 
worked-out solution. 


The student works through the book on his own, 
with a minimum of assistance from the instruc- 
tor. The problems have been carefully organ- 
ized in order of difficulty, and each group leads 
logically into the one following. 


154 pages 554” x 834” paper bound Published 1952 Text list $1.95 


PROBLEMS IN PHYSICAL CHEMISTRY 
by LARS GUNNAR SILLEN, PAUL W. LANGE, and CARL O. GABRIELSON 


This book is the English translation of a text 
originally written in Swedish; which has been 
widely used in all the Scandinavian countries. 
It comprises a collection of over 8300 PROBLEMS 
in physical chemistry, taken from published 
literature of the field, and complemented by 
CONCISE RESTATEMENTS OF THE THE- 


370 pages 


© 55%" x 8%’ 


ORIES AND PRINCIPLES illustrated by the 
problems. 


Also accompanying the problems are journal 
references which enable the student to trace the 
problem back to the original experiment, so 
that he may understand the conditions under 
which it was performed. 


© Published 1952 ¢ Text list $5.75 


approval copies available from 


PRENTICE-HALL, INC. 
Englewood Cliff, New Jersey 
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terms used. Here the definition of the 
Amagat unit is not consistent with that 
previously given in the text and is not cor- 
rect. 

All workers who use the equipment and 
techniques of high pressure will want this 
book. It gives many references to the 
literature on all phases of the work. It 
will be used as a corollary text in thermo- 
dynamics and technology. 


KENNETH A. KOBE 
UNIVERSITY Or TEXAS 
AvsTIN, TEXas 


MOLECULAR FLOW OF GASES 


G. N. Patterson, Director, Institute of 
Aerophysics, Chairman, Department of 
Aeronautical Engineering and Aerophys- 
ics, School of Graduate Studies, Uni- 
versity of Toronto. John Wiley & Sons, 
Inc., New York, 1956. x +217 pp. 67 
figs. 15 X 23.5 cm. $7.50. 


Tuts book deals with the transition 
from the macroscopic phenomenological 
continuum approach to the microscopic 
molecular-kinetic approach in the math- 
ematical theory of gases in motion. The 
molecular point of view has proved in- 
dispensable to the understanding of such 
topics as the slip flow of a highly rarefied 
gas, or the relaxation effects associated 
with a strong shock wave. The molecular 
model assumed is that of spherical mol- 
ecules obeying Maxwell’s distribution 
law, or, in the case of non-isentropic flow, 
of molecules acting as spherically sym- 
metrical point centers of force, with a 
small modification of Maxwell’slaw. The 
mathematical development is complete 
therefore only for a monatomic gas, but 
can be applied with suitabie modifications 
to diatomic gases. 

The book is divided into five chapters. 
Chapter I presents the derivation of the 
Boltzmann equation from the study of a 
generalized collision between two hard- 
sphere molecules and the basic equations 
for the molecular transport of mass, 
momentum, and energy. Chapter II, 
on isentropic flow, solves the Boltzmann 
equation for the case in which molecular 
collisions no longer affect the velocity 
distribution, to obtain Maxwell’s law, 
and proves that the flow of a Maxwellian 
gas is isentropic. This chapter further 
discusses the speed of sound, specular re- 
flection from a solid boundary, and ex- 
pansion waves for one dimensional un- 
steady flow and two-dimensional steady 
flow. Chapter III develops the theoret- 
ical foundation for the case of non- 
isentropic flows, with small deviations 
from Maxwell’s law, by developing the 
velocity distribution function for mole- 
cules whose collisions can be treated as 
encounters between spherically symmet- 
tical point centers of force. It then de- 
velops the basic transport equations for 
such molecules. Chapter IV, on non- 
isentropic flows, reviews experimental 
data on viscosity and heat conduction and 
investigates the properties of two non- 
isentropic “layers’’: the shock front, and 
the boundary layer adjacent to a ‘solid 
wall. It closes with a brief discussion of 
the effects of the internal degrees of 
freedom of di- and poly-atomic molecules. 
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JUST PUBLISHED 


Quantum Chemistry 


AN INTRODUCTION 
By WALTER KAUZMANN, Princeton University, New Jersey 
January 1957, 744 pp., illus., $12.00 


This book explains the principles of quantum mechanics and describes the major 
achievements derived from their applications to chemistry. Atomic and molecular 
systems are treated in detail, and special emphasis is given to various interactions 
between matter and light, such as absorption, emission, scattering, refraction, and 
optical rotation. 


Quantum Chemisiry will benefit graduate students in theoreti wrod nage chemis- 
try and can be read profitably by chemists and all those interested in the theories 
and applications of quantum chemistry. 


CONTENTS: 


Mathematical Background: 

Some Basic TS" pe Classical Theory of Vibrations: I. Some Typical 
Vibrating Sy y of Vibrations: II. Approximate Methods of Complex 
Systems. 

General Principles of Quantum Mechanics: 

The Schroedinger Formulation of Quantum Mechanics. Some Solutions of the Steady State 
Schroedinger eeetion. The Uncertainty Relations. Angular Momentum in Quantum M nics. 
Atomic Systems: 

Atomic Structure: I. Byeces. Helium, and Electron Spin. Atomic Structure: II. Elements 
other than Hydrogen and Heli 
Wel J Sy 

Molecules and the Chemical Bond: I. The First Approximation. Molecules and the + —— 
Bond: II. Difficulties in Developing Satisfactory Quantitative Theories. Van der Waals 
Systems in Non-Stationary States: 

Time-Dependent Processes. Interactions of Matter with Light: The Classical Electron 
Theory of Optics. Interactions of Matter with Light: II. Quantum MeGhanivel Aspects. 


Sussect INpEx. 


ACADEMIC PRESS INC., Publishers 
111 Fifth Avenue, New York 3, New York 


ACADEMIC YEAR INSTITUTE 


For Secondary School Teachers of Science and Mathematics 
Sponsored by the University of Colorado and 
The National Science Foundation 


SEPTEMBER 23, 1957 TO JUNE 6, 1958 


The purpose of this program is to improve the quality of science 
teaching by providing opportunity for 50 selected secondary 
school teachers (grades 9-12) to increase their knowledge in the 
science fields. Specialy courses in in Biology, 
Mathematics and ics will be offered. 


STIPENDS: 


$3,000 Each, Plus Allowances for Dependents, Travel, 
Tuition and 


APPLICATIONS MUST BE RECEIVED 
BY MARCH 1, 1957 
For Information and Application Forms Write: 


PROFESSOR WILLIAM E. BRIGGS, PROGRAM DIRECTOR 
Department of Mathematics 


UNIVERSITY OF COLORADO 


BOULDER, COLORADO 
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Personnel safety is the most important feature of rugged new Insul-Steel 
Containers. But equally outstanding are the long run savings and constant 
insulation values they offer. Fabricated with a special inert closed cell 
plastic which surrounds a stainless steel flask, Insul-Steel Containers are 
lightweight and easy to handle. Their exclusive wide mouth construction 
makes them easier for handling liquids. And their superior insulation makes 
them ideal for a Dry Ice and Solvent Bath, a Liquid Air Bath or wherever 
— flask is used. Order Insul-Steel Containers for your laboratory 
today 


Available in Three Sizes 


Deliveries from Stock 


E. Macuierr & SON 


Newrow COMPLETE SERVICE FOR THE LABORATORY wa 

220 EAST 23rd STREET * NEW YORK 10, N. Y. 


Chapter V, on the mechanics of rareficd 
gases, deals with transport effects in the 
free-molecule flow of gases. Three ap- 
pendixes, on mathematical aids, on differ- 
ential equations and their characteristics 
(a valuable summary) and on the basic 
equations of motion of a gas, close the 
work. 

The book is intended for physicists aid 
engineers. English units are used in 
many applications of the theory. To 
many readers, this volume will preseni a 
formidable appearance: 844 numbered 
equations, plus many unnumbered, in 
214 pages of text. The mathematics, 
however, is not beyond the competence of 
anyone who has had a course in theoret- 
ical physics. The figures are clearly and 
neatly drawn. The typography is good 
and pleasing in appearance. A glossary 
of symbols, at the close of each chapter, is 
definitely helpful. The main interest of 
the work, to chemists, lies in the proof it 
supplies of the importance of the laws of 
molecular behavior to the theory of such 
ultra-modern events as supersonic flight 
and the propagation of shock waves. 


ANDRE J. deBETHUNE 
Boston CoLLEGE 
MASSACHUSETTES 


HISTORY OF CHEMISTRY IN ANCIENT 
AND MEDIEVAL INDIA 


Edited by Priyadaranjan Ray, Indian 
Association for the Cultivation of Science, 
Calcutta. Indian Chemical Society, Cal- 
cutta, 1956. xviii + 494 pp. 39 figs. 
l table. 16 X 24cm. $6. 


Proressor Ray, in his carefully con- 
structed revision of Prafulla Chandra 
Ray’s standard ‘‘History of Hindu Chen- 
istry,’’ has given us a highly informative 
and interesting description of Indian 
chemistry. In chronological order, the 
contributions of Indians to chemistry 
have been recorded from the Harappa 
period of the fourth millennium B.c. to 
the end of the Mogul culture. 

The theoretical aspects as well as the 
practical arts of ancient Indian chemistry 
have been given full treatment in addition 
to discussion of social and cultural condi- 
tions concomitant with ancient chemical 
development. Of value for those inter- 
ested in the history of chemical technology, 
Ray discusses the art of making glazed 
pottery, the extraction and working of 
metals and alloys, preparation of caustic 
alkalies, oxides and sulfides of metals and 
other substances. Some other represen- 
tative topics are the genesis of the infra- 
atomic unit potentials, chemistry in the 
medical schools of ancient India, chem- 
istry of colors, atomic theory of the 
Buddhists, and the theory of atomic com- 
bination. Many of the ideas described 
make delightful reading for the average 
chemist with a historical bent. 

The scholar in the history of science 
will find equally rewarding the inclusion 
of texts in the original Sanskrit and ‘ran- 
scriptions from Tibetan xylographs and 
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New McGRAW-HILL Books 


SYSTEMATIC ORGANIC CHEMISTRY 


By HUGH C. MULDOON, Duquesne University; and MARTIN |. BLAKE, North Dakota Aaricoltarel 
College. In press 


Based on the author’s previous text for pharmacy students, this new book has been carefully prepared 
and expanded to appeal to the more general organic courses. Emphasis is on principles and their appli- 
cation, and an attempt has been made to keep the style clear, simple, and direct. The approach is sys- 
tematic, with general information about the organic compounds given first and the aliphatics, aromatics, 
and heterocyclics discussed in that order. Throughout, special reference is made to compounds of 
medicinal value, and their therapeutic importance. Stress is on understanding, rather than memory. 


ORGANIC CHEMISTRY 

By LOUISE KELLEY, Goucher College. New Second Edition. In press 
Especially suited for chemistry majors and chemical engineers, this excellent new edition of a highly 
respected organic chemistry text thoroughly covers the theoretical aspects. Its purpose is to provide 
students with a readily understandable, yet challenging introduction to the complex subject of organic 
chemistry. Much new theoretical material has been added, dealing with the structure of organic 
molecules from the standpoint of molecular orbital theory. There are many new illustrations, including 
diagrams of molecular orbital structures and of processes connected with the making of synthetic fibers. 


PRINCIPLES OF ORGANIC CHEMISTRY 
By JAMES ENGLISH, Jr. and HAROLD G. CASSIDY, both of Yale University. New Second 
Edition. McGraw-Hill International Chemistry Series. 480 pages, $6.50 

An integrated, modern treatment of organic chemistry with emphasis on modern electronic mechanisms 

to explain chemical behavior and the simultaneous consideration of aliphatic and aromatic compounds. 

Covering every major field of organic chemistry, it provides a smooth blend of theory and practice with 

emphasis on principles rather than facts, and on thinking rather than memorizing. It is a true teaching 

text that treats thoroughly all the important classes of organic compounds, and provides a balanced, 
complete introduction to the subject for the chemist, premedical student, and biochemist. 


DETERMINATION OF ORGANIC COMPOUNDS 
By K. G. STONE, Michigan State University. 230 pages, $5.00 

An introduction to the field of organic analysis, this text develops the subject from the standpoint of 
functional groups. The book’s purpose is to provide teaching material for college courses dealing with 
quantitative organic analysis at the senior or graduate level. It covers the general subject of the deter- 
mination of the functional groups according to the qualitative classification, and includes both volu- 
metric and gravimetric methods at the macro and semi-macro level. Stress is placed on the ideas as well 
as the procedural details. Problems and questions intended to aid the student in correlating ideas and 
information are provided at the end of each chapter. 


McGRAW-HILL BOOK COMPANY, Inc. 
ON APPROVAL 333 West 42nd Street, New York 36, N. Y. 
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Boalouce uur lab budgat 
BALANCES 


Will 


3181 — Balance with black formica base and 
two 10 mg riders (shown above) 


3176 — Balance with two 10 mg riders. Same as 
3181 but with black carrara glass base ... $130.00 


$115.00 


These rugged, accurate balances are specially designed by Voland for 
academic or industrial routine weighings. Sensitivity 0.1 mg with full load. 
Equipped with optically flat agate bearings and knives polished scien- 
tifically to precise edges. The beam and stirrup supports are built into an 
arrestment system that protects the delicate knife edges. 

You'll find these Voland budget models are made with the same care 


and top quality workmanship that go into the well-known Voland fast- 
‘weighing balances. 


SPECIFICATIONS 


Capacity: 200 grams on each pan. Knives: Agate. 


Bearings: Agate polished optically flat. 
- Beam: Hard rolled aluminum, 6” long. 
Graduated 50 divisions each side 
of zero. 
Arrestment: Straight fallaway — 3 
point support. 


. Cabinet: Aluminum. Front door coun- 


terpoised, rear door removable. 

Light gray hammered enamel fin- 

ish. Adjustable legs, spirit level. 
Pans: 2.5” diameter, stainless steel. 
Bows: Stainless steel. 


.eeAnd Our tow-cosr “Sto-A-Weigh” weicuts 


Ideally suited for student and semi-analytical 
work, the compact “Sto-A-Weigh” set complies 
with the new N.B.S. specifications for Class P. 

Lacquered brass gram weights; satin finished 
aluminum fractionals, furnished in the 1-2-2-5 
series. Reinforced bakelite case; hinged, dustproof 


cover; stainless steel forceps. 


3910T — “Sto-A-Weigh” Weights, 
Set from 1 mg to grams 


Consult WILL for your complete Balance and Weights 
requirements. We stock ALL leading makes. 


Wil 


and subsidiaries 


CORPORATION 


Specialists in @ Scientific Supply 


ROCHESTER 3, N.Y. * ATLANTA 1, GA. + NEW YORK 12, N.Y. © BALTIMORE 24, MD. + BUFFALO 5, W.Y. 
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their translations relating to chemical] 
matters. 

There are many excellent illustrations 
spanning a period of thousands of years 
and a variety of charts to enhance the 
work. Chemists and historians of chem- 
istry will find in this book a rich and 
valuable assessment of ancient Indian 
chemistry and culture. 


MARTIN LEVEY 
TeMpPLe UNIVERSITY 
PHILADELPHIA, PENNSYLVANIA 


BASIC CHEMISTRY 
OF TEXTILE PREPARATION 


S. R. Cockett and K. A. Hilton. Philo. 
sophical Library, Inc., New York, 1956, 
vii + 197pp. 27 figs. Tables. 14.5 x 
22 cm. $6. 


BASIC CHEMISTRY OF TEXTILE 
COLOURING AND FINISHING 


S. R. Cockett and K. A. Hilton. Philo- 
sophical Library, Inc., New York, 1956. 
vii + 191 pp. 41 figs. 3 tables. 14.5 x 
22cm. $6. 


Tue task of condensing the chemistry 
of textile preparation, dyeing, and finishing 
into two volumes of less than two hun- 
dred pages each is a monumental one. In 
two short volumes, it is hardly possible to 
cover the wide range of theoretical and 
practical chemistry which makes up the 
present textile art without a considerable 
sacrifice in detail. Unless he has some 
background in the fields of physical and 
organic chemistry, the reader is not likely 
to derive much benefit from the theoretical 
discussions; with such a background, he 
is apt to criticize the theoretical portions 
of these texts as superficial and oversin- 
plified. 

In an already limited space, the authors 
have departed from their chosen subjects 
in three chapters, occupying some 15 per 
cent of the total available pages, which 
deal with “‘Plastics,’’ ‘“Colouration of Mis- 
cellaneous Materials,’’ and ‘‘Some Related 
Industries.’”’ Though interesting, the 
material covered in these chapters is not 
likely to be of lasting value for the average 
textile chemist. 

Messrs. Cockett and Hilton have 
covered an imposing array of subjects, 
most of which are of immediate interest to 
both American and British textile chem- 
ists. It is perhaps inevitable, but none- 
theless disappointing, to find a few omit 
sions. The newer neutral-dyeing pre 
metallized colors, and the cuprous ion 
dyeing technique for acrylic fibers are not 
mentioned, though both are of consider- 
able commercial importance. Another 
worthy subject, resin finishing, is covered 
in only four pages, with no reference to 
the cyclic urea materials which are respo0- 
sible for the tremendous advances of the 
last few years in the field of wash-and-weat 
cottons. 

The chapters on Literature and Infor- 
mation are rather sketchy, and give the 
reader no clue of the existence of some of 
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[BUCHNER FUNNELS~] 
Molded of polyethylene 


Unbreakable 


Slurdy 
- two piece 
construction 


easily 
cleaned 


THREE SIZES BU-55 BU-70 BU-90 
filter paper size, mm 55 70 90 
approx. cup capacity, ml 75 165 315 


price, each $ 2.75 5.00 6.00 
case 18.00 25.00 21.00 
quantity in case 8 6 4 


through leading supply houses or direct 
ask for latest bulletin minimum order $10.00 


PIONEER PLASTICS = 


BOX 641 FAR HILLS BRANCH DAYTON 9. OHIO 


SCIENCE 
IN THE MAKING 
Joel H. Hildebrand 


A noted scientist explains to laymen 
how the members of his profession 
think and work. His explanation 
contradicts the popular notion that 
science involves special kinds of reason- 
ing or a “scientific method.” But the 
curiosity and experimental evaluation 
that are employed ‘are advocated for 
everyday matters of personal choice 
and belief. He discusses the relation of 
science to sccial science, humanism, and 
religion, and explains how the fragments 
of scientific knowledge are not isolated 
but are built into structures of great 
utility and beauty. $3.00 


COLUMBIA UNIVERSITY PRESS 
New York 27, N. Y. 
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Eliminates all storage batteries 
and 
storage battery accessories 
for 
SPECTROPHOTOMETERS 
lespecially the Beckman Model DU) 
and 
GENERAL 
LABORATORY APPLICATIONS 


5 volts to 10 volts dc 
up to 6 amperes 
Lower Voltages from a divider 


LAB’s booklet 
Conversion | 
ed technica 
letterhead. 


STABILIZER® 
/ 
YOURE FOR THE ASKING! | 
write for N U. S$. Units of 
Meosure and ya | 
able to inte personnel 
ing on 
F 
a: RK. 
= (= 
LABORATORY SUPPLIES reet, New 


Basic Dependable 
Lab Ware -VITREOSIL 


The most exacting needs of 
laboratories throughout the 
world are most eminently 
and successfully met by 
Vitreosil ware (pure fu 
silica) produced to the high- 
est standards of quality. 
Chemical purity, high re- 
sistance to heat shock, un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cost com- 

to platinum are some 
eatures of Vitreosil fused 
quartz. 


In addition to our unusually 
large stock of transparent 
and opaque, including 

lazed and unglazed cruci- 
evaporating dishes, 
beakers, tubing and rods in 
all diameters and sizes, we 
offer prompt fabrication of 
special items. 


= Write today, giving 
= full details of your re- 
es uirements or ask for 
THERMAL AMERICAN 
FUSED QUARTZ CO., INC, 


illustrated bulletin. 
18-20 Salem Street, Dover, New Jersey 
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Recent Sooke 


the most authoritative sources of scientific 
data. To cite a few examples, The Color 
Index, Chemical Abstracts, and British 
Chemical Abstracts are not mentioned. 
Their brief discussion of patents is also 
misleading. While the statement, “A 
patent is a legal document designed to 
protect an inventor’s rights and is not pri- 
marily a scientific publication’? may con- 
tain a grain of truth, this observation 
would hardly go unchallenged by those 
who recognize the public benefits of our 
present patent system. 

The illustrations in both volumes, 
which are confined to a single section of 
each book, might better have been placed 
in the appropriate locations of the text. 
In some instances, they also depict out-of- 
date equipment. The tensile tester il- 
lustrated, for example, is hand driven; 
few such machines are used today in the 
American textile industry. 

Despite this reviewer’s unfavorable 
comments, these texts are readable, and 
will no doubt stimulate those who are in- 
terested in a brief, over-all picture of the 
textile chemical art. It is unlikely, how- 
ever, that chemists who are seeking critical 
or thorough discussions of modern textile 
chemistry will derive much direct benefit 
from them. 

EDWARD A. MURRAY 
ANDERSON, SouTH CAROLINA 


LABORATORY PROBLEMS IN GENERAL 
CHEMISTRY 


Howard Nechamkin, Associate Profes- 
sor of Chemistry, Pratt Institute. Second 
edition. Thomas Y. Crowell Co., New 
York, 1956. xiv + 305 pp. 18 figs. 
15 X 22 cm. $2.75. 


Tue first edition of this manual was re- 
viewed in THIs JOURNAL, 32, 220 (1955). 
In the second, the same basic approach to 
laboratory work is maintained and the 
list of exercises has undergone but slight 
revision. Two exercises of the first 
edition have been deleted and eight new 
ones added. The latter include work on 
equilibrium, organic chemistry, polarim- 
etry, and analysis. One of them gives a 
brief treatment of a scheme for the sepa- 
ration and identification of the commoner 
cations, with thioacetamide as the source 
of sulfide ions. This treatment seems 
brief to the point of requiring much ex- 
planatory and cautionary material from 
the instructor. Most of the exercises em- 
ploy “‘unknowns’’ and are quantitative in 
nature. The very brief reports required 
are made on perforated sheets provided in 
the manual. 

To the appendix have been added a 
section on significant figures and a table 
of common logarithms. A Teacher's Guide 
is available. To it has been moved the 
list of materials necessary for 40 students. 
Also in the Guide are: a list of suggested 
unknowns, suggested grading scales, an- 
swers to study questions and problems, 
and a list of references to several first-year 
college textbooks. 

The exercises are well chosen and should 
be challenging to students. The manual 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


{ 
KLETT SCIENTIFIC PRODUCTS -——_—— 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK N. Y. 


We recommend... 


OLIDS-LIQUIDS-GASES- SOLIDSLIQUIDS-GASES- SOLIDS 


DRIERITE:: 


Sos. $3SV9- 


“The Versatile Desiccant”’ 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient— Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H20O per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 


(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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Recent Books 


BURRELL New! For On-The-Spot Testing 


should be most satisfactory for use ip 
classes whose members have had a pre- 

KW I K- C H E K Gas An al y. zers vious introduction to chemistry. 
FOR CARBON DIOXIDE = W. NORTON JONES, Jr. 


McMorry 


OR OXYGEN ANALYSIS ABILENE, TEXAS 


Designed for ease of han- BIBLIOGRAPHY OF POLAROGRAPHIC 
LITERATURE, 1922-1955 


dling and use; speed and iV >» 
= Compiled and published by E. H. Sargent 
accuracy of analysis; ease ii. & Co., 1956. 192 pp. 28 X 21.5 om. 


of reading; and long, trou- Paper bound. $5. 
ble-free life. - Tuts bibliography will be of great value 
ec. to workers in the field. The 6815 entries 
HE cite authors, titles, literature reference, 
Simple—Fast—Accurate ti and often the Chemical Abstracts reference. 
Some editorial notes have been added when 
: the title does not clearly imply the cover- 
Com pl ete Kits age of the paper. An extensive subject 
index should make the book a first source 
FOR EITHER CARBON DIOXIDE of information for any who contemplate 
S OR OXYGEN the use of this important analytical tool as 

a research aid. 


Only $39.50 W. F.K. 
Combination Kits . . . $75.00 
Ask for Bulletin No. 306 


ATOMIC ENERGY IN CANADA 


Clyde C. Kennedy, Public Information 
Prices Listed are F.O.B. Pittsburgh, Pa. Office, Atomic Energy of Canada Limited, 
Chalk River, Ontario. Enlarged edition, 


BURRELL CORPORATION 1956. 96 pp. Many figs. 27 x 215 


Fifth Avenve, Pittsburgh 19, Pennsylvania cm. Paper bound. $1. 

Tuts is an excellent booklet for the 
school library. It is an enlarged edition 
of the publication prepared for the Inter- 
national Conference at Geneva in 1955. 
Full of fine photographs, clear diagrams, 
and well written text, it is more than a re- 
counting of the status of Canadian reactor 
development. 


w. 


MAN’S ROLE IN CHANGING THE FACE 
OF THE EARTH 
NALGENE again proves its superiority Edited by William L. Thomas, Jr, 
in laboratory practice. Because they are light, Wenner-Gren Foundation for Anthro 
they are easier to handle. Because 
ss Chicago Press, Chicago, 1956. xxxviii + 
they are NALGENE, they cannot break. 1193 pp. 180figs. 33tables. 18 Xx 25 
This completely new series of six graduates cm. $12.50. 
is manufactured cl 
Tuts book, a voluminous record of an 
international symposium, called to 
ee a — rte rolling. amine the subject of the title, presents the 
ey may be autoclave thinking of leading anthropologists. Fif- 
under standard conditions. ty-three contributions are further illumi- 


deale tal nated by notes of the symposium discus 
cotianand for our new ¢ E-956. sions by 70 participants. It isa — 
p book for all thoughtful men, especially 
ot ml 38 2 = physical scientists who are becoming in- 

seat creasingly aware of the role which their 
Each 3.20 | 3.40 [3.90 | 4.50 | 6.50 | 8.50 discoveries will play in the - i/o ot 
cosent culture. The interrelated factors of I 
sources, population pressures, and man’s 
way of life are ones which teachers need to 
understand and respect if they are t 


the educate properly any group of future 
ALGK ( () | specialists. Thoughtful reading of this 

hie remarkable volume can supply informa- 

* tion and stimulating ideas to amp!ify dis 


ROCHESTER 2, N.Y. cussions of almost all topics treated in 
chemistry classrooms. 


WORLD'S LARGEST FABRICATOR OF POLYETHYLENE LABORATORY WARE w. FE 
JOURNAL OF CHEMICAL EDUCATION 


3 
J 
| 
a 
4 
4 
J 
ea 
2223 
| 
C 
. 
Tag 
batty 100 
Pi 
¥ 
ie 
BS 
2 O 
al 
dy 
A84 


r use in 
d a pre- 


INES, JR. 


3RAPHIC 


. Sargent 
21.5 cm. 


eat value 
15 entries 
reference, 
reference. 
ded when 
the cover- 
e subject 
rst source 
ntemplate 
cal tool as 


W. F. K. 


i 


formation 
a Limited, 
d edition, 
21s 


t for the 
ed edition 
the Inter- 
in 1955. 
diagrams, 
than a re- 
an reactor 


W. F. EK. 


THE FACE 


mas, Jr., 
Anthro- 
versity of 
xxxviii + 

18 x25 


“ord of an 
ed to 
resents the 
rists. Fif- 
her illumi- 
um discus 
a valuable 
especially 
soming in- 
thich their 
rolution ol 
of re 
and man’s 
ers need to 
ey are to 
of future 
ug of this 
y informa- 

mpl! fy dis 
tre: ated in 


w. F.K 


UCATION 
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2s- 


A. 


2-1s In air. 


2-2s 


2-3s 


DEMONSTRATION: ABSTRACTS 


bom the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


OXYGEN 


OCCURRENCE 


(a) See Dem. 10-4, burning paper or P in air. 
(b) Fading of dye. (1) Stain white fabric with methylene 
blue; immerse in cold hydrosulfite-aq.: the color fades and 
stays white in solution. Remove from solution, expose to 
air: the color returns. (2) Other dyes forming these 
leuco-bases are alkali blue, fuchsine, malachite green, and 
soluble aniline blue. (3) Congo red is irreversibly bleached. 
(Anastassorf, E., 25, 397 (1948).) 
In organic compounds. (a) Horizontal 25 XxX 1.6 cm. 
Pyrex tube clamped over two wing-tip burners; rubber 
stopper with 4 mm. delivery tube reaching to the bottom of 
a 5” test tube. Five cms. from this end hold a loose mass of 
coarse lumps of wood charcoal in place with two plugs of 
asbestos; heat the charcoal to expel oxygen and water 
vapor. (b) Put a gram of the unknown (any non-explosive 
organic substance to be tested for oxygen content), free 
from water, into a porcelain boat 5 cms. from the charcoal; 
and place a second porcelain boat half-full of toluene 5 
ems. behind the first boat. Stopper the tube. Place a 
half-cm. of toluene in the test tube. (c) Heat the toluene 
with a low flame to drive out the air; when most of the 
toluene has volatilized, heat the charcoal to dull red heat; 
pour 10 ml. of clear Ba(OH): into the test tube and the 
toluene will float on top. (d) Now move the flame from 
under the toluene boat to the unknown, and raise it to 
volatilization: the vapors pass through the charcoal, and 
if oxygen is present CO, forms and precipitates white 
BaCO; in the tube. (e) Acidify with sulfate-free HCl-aq.: 
dissolution of the precipitate with evolution of bubbles 
confirms BaCO;. (Bowen, C. V., Bourtanp, J. F., and 
DeceErina, E., 16, 295 (1939).) 
Availability for demonstrations. In addition to the usual 
tanks and small cylinders of O.. Oxybomb, 21/2 K 5%" 
cartridges of compressed oxygen, resembling Sparklets 
for carbonating water, are available from A. Daigger & 
Co., 159 West Kinzie St., Chicago, Illinois. (Frexerrs, 
A., S. J., 31, 139 (1954).) 


B. PREPARATION OF OXYGEN 


2-4s 


2-5s 


2-6s 


From KCIO;. (a) Use a small distilling flask instead of a 
test tube (Dem. 2-5) since there is less likelihood of the 
KCIO; spattering on the stopper and igniting it. (MEr- 
CHANT, H. E., 26, 387 (1949).) ALYEA: a tube !/, full of 
KCIO; heated cautiously gives no trouble. 

(b) C. E. Wurre (24, 304 (1937)) advocates abandoning 
the use of MnO, + KCIO; since even commercial c.p. 
KCIO; may have to be purified before use, since it gives 
explosions; moreover students often have damaging 
explosions with KCIO; + phosphorus; he prefers using 
+ Mn0Os. 

From oxides. Let the students have a race to see who 
generates O2 soonest upon heating, and testing with a glow- 
in splint, various oxides, e.g., HgO, ZnO, CuO, MnO, 
Al,O;, MgO, etc. (Stone, C. H., 2, 119 (1925); 22, 337 
(1945); 23, 249 (1946).) 

From peroxides. (a) Generate O2 by dripping 6% H:.0. 
(20 ml. of 30% Superoxol + 80 ml. of H:O) upon 20 ml. of 
ro +2g.MnO:. See Dem. 2-7. (Groves, F. T., 28, 331 
1951).) 

(6) Stir a crushed yeast cake into 200 ml. water + 200 
ml. of 3% H2O; in a flask inverted in water: Os» forms in a 
few minutes. (Wixorr, H. L., and Brown, J. B., 3, 
1434 (1926).) 

From hypochlorite. Heat 150 ml. of HO + 10 ml. of 2% 
CoCl:-aq. + 20 ml. of a suspension of bleaching powder (20 


g. calcium hypochlorite stirred with 100 ml. of H:O): Os is 
evolved. (Krausxopr, F. C., 12, 293 (1935).) 


Catalysis 


2-8s Chlorate decomposition. 


2-9s 


(a) MnO, catalysis. See Dem. 
2-5. The MnO, may be placed in the side-neck of a flask, 
and from this dumped into the molten KCIO;. (Mann- 
HEIMER, E., 2, 306 (1925).) See Dem. 2-5. KCl is re- 
covered and weighed. (Mackenzie, J. E., 9, 1111 (1932).) 

(b) Cr20; catalysis. Show that CrO; catalyzes the de- 
composition by gently heating 5g KCIO; + a pinhead of 
K-Cr.0;: gaseous O, and traces of Cle come off, the latter 
being removed if the O: is collected over water. (MEYER, 
M., 17, 494 (1940).) 

(c) Oxide catalysis. Show that CreO;, MnOs, MoO,, 

Fe.0;, Fe;0,, NiO, CuO, P2O;, and As:O; catalyze the de- 
composition of KCIO;, but that MgO, CaO, BaO, ZnO, SiO., 
and Bi.O; do not; relate catalytic activity to variable oxida- 
tion states. (CAMPBELL, J. A., 23, 582 (1946).) See the 
letter discussing the mechanism of the catalytic action of 
these oxides by STANDEN, A., 24, 201 (1947).) 
. (d) Student participation. Have the student test to 
confirm (1) whether PbO., SiO2, ete., like MnOz, 
catalyze the decomposition of KCIO,; (2) whether MnO: 
catalyzes the decomposition also of H,O., or the Zn + 
HCI reaction; (3) whether chlorates of Na, Ba, or Mg 
decompose like KCIQ. 


Inorganic catalysis of peroxide decomposition. (a) Use 
MnO: to decompose H,O, (Dem. 2-7) but weigh the MnO, 
before and after use to show it is not destroyed. (KamMIN, 
H., 12, 362 (1935).) 

(b) Strength of HO solution. Introduce H2O; solution 
from a pipette with a curved tip into a fermentation tube 
(an inverted glass appendix graduated in ml., see diagram 
in article) filled with strongly ammoniacal CuSO,-aq. : O2 is 
evolved from the decomposition of H,O., and the volume of 
O, read directly. (Haircut, M., 6, 2234 (1929).) 

(c) Co-catalysis. Solution A: 75 ml. Merck’s Superoxol 
30% HO. + 225 ml. distilled water. Solution B: 35 g. 
CuCl: + 1 liter of Solution C: 250 g. FeC);.- 
6H.O + 1 liter of H:O. Place 100 ml. of (A) in each of 
three 500 ml. flasks, and slip rubber balloons over their 
necks. Quickly run in the following, and replace the 
balloons. Flask (1), 5 ml. HO + 5ml.(C); flask (2), 5 ml. 
+ 5 ml. (B); flask (3), 5 ml.(B) + 5ml.(C). Oxygen 
is evolved and the balloon swells about three times faster 
in (3) which contains the co-catalysts Cu** and Fe***. 
(Watton, J. H., 8, 303 (1931).) 

(d) Catalysis by salts. A 6mm. tubing connects two 2-hole 

rubber stoppers in a 7” test tube and a 500 ml. flask; the 
tubing is flush with the underside of each stopper. Another 
6 mm. tubing extends from the bottom of the flask over to 
the bottom of a 100 ml. graduated cylinder. A 5ml. gradu- 
ated pipette, with rubber tubing and pinchcock on its upper 
end extends into the 7” tube. In the tube is placed 0.2 g. 
of the catalyst MnO, PbOs, or wood charcoal, or 2 ml. of 
aq. KI, FeCl, FeCl; + CuS0O,, AgNO;, or AgNO; + a 
piece of Zn. The flask and graduate are filled with water to 
the same level. Exactly 5 ml. of 3% H2O:» is run in from the 
pipette, and a record made of the water displaced into the 
graduate by the evolved O- at 30-second intervals. The 
effect of inhibitors is shown by adding 0.2g. NaNO, to the 
MnO,, or ZnCl, to the wood charcoal. R. D., 
9, 144 (1932).) 

(e) Platinized asbestos. Lower plantinized asbestos into 
H:O:-aq.: is generated. (MANNHEIMER, E., 2, 306 
(1925), abstracted from Z. physik. chem. Unterricht, 37, 
264 (1924).) 


2-10s Enzyme catalysis of peroxide decomposition. (a) Add 10 


ml. of blood to 50 ml. commercial 3% H,O: in a liter cylin- 
der: a strong dense foam rises to ‘he top of the cylinder, 
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which can be inverted without spilling. (RakEsTRAw, 
N. W., 6, 1882 (1929).) 

(b) Heat of reaction. See original article for exact details. 
Place the following solutions in a bath at 25°C., carrying 
out all subsequent operations with solutions at this tem- 
perature. Solution A: Buffer, pH 7, containing 500 ml. of 
0.1M NazHPO, + 500 ml. of 0.4M NaH2PO,. Solution B: 
30% Superoxol. Solution C: 25 ml. capryl alcohol. D: 
Clinical thermometers. Mix 4.50 ml. of buffer solution + 
0.010 ml. blood + a drop of capryl alcohol, to prevent 
foaming, + 0.5 ml. H.O2. Stir thoroughly, leave clinical 
thermometers in the reacting mixture 10 minutes, and then 
read the maximum temperature attained: the average will 
be around 12°C., varying from person to person. Calibrate 
against standard catalase powder. (BrLLiIncER, R. D., 
9, 144 (1932).) 


C. REACTIONS OF OXYGEN GAS. (COMBUSTIONS) 
2-1ls Burning wood. After the match-head chemicals have 


burned off, burn a match in your open mouth to show that 
exhaled air contains oxygen (Weaver, E. C., 22, 339 
(1945).) Close your mouth over the lighted match to 
show it goes out from lack of oxygen. (Srong, C. H., 19, 
598 (1942).) 


Burning a candle. Blow out a candle, then re-light the ris- 
ing vapors: the flame flashes back, re-lighting the candle. 
Bank, E. W., 7, 1159 (1930). Pinch the wick to snuff out 
the candle; deposit carbon from a burning candle. 
(Weaver, E. C., 22, 339 (1945).) AtyEa: place a drop 
of water at the base of the wick of a burning candle: in a 
minute the flame goes out. 


Bunsen Burner flame. (a) Wash your hands in a Bunsen 
Burner flame; with CARE you will not be burned. (Stone, 
C. H., 19, 598 (1942).) 

(b) Cup your hand over the gas of an unlighted burner, 
carry the gas over to a second, lighted, burner; then return 
with the burning gas in your hand (CARE) to light the 
first burner. (Weaver, E. C., 22, 339 (1945).) 

(c) Reversible flame. Lamp chimney closed at both ends 
with asbestos board. A glass elbow leads gas in through the 
lower board; also there are short 8 mm. tubings in hole (a) 
in the upper board and hole (6) in the lower board. Run in 
gas, and when the chimney is full, light the emergent gas at 
(a), and at the hole (b). Now insert the tube in (6): the 
flame is carried inside the chimney and we have at (a) gas 
burning in air and at (b) air burning in gas. (Baker, R. A. 
2, 480 (1925).) 

(d) Giant Bunsen burner. Lead an L-shaped 8mm. tubing 
constricted at one end to about 1 mm. tip into the lower 
open end of a vertical tube 2 X 40cms. Pass in gas and 
light the air: gas miature at the upper end of the large tube: 
a giant Bunsen burner flame is seen. If the L-tube passes 
through a 1-hole stopper in the vertical tube, the luminous 
flame is produced. (Baker, R. A., 2, 480 (1925).) 


(CARE: use a long taper) gasoline in a beaker; extinguish 
the 3-ft. flames with a large funnel, closing the stem with 
the thumb. (f) Make a spark between wires on a bent glass 
rod which can be dipped into liquid gasoline: ignition will 
not occur until the spark is raised about 3” above the liquid, 
illustrating the necessity for air in the mixture. (GILL, 
A. H., 11, 455 (1934).) For Dem. 2-15s (6) Watron, J. H. 
in 19, 453 (1942) suggests placing a piece of cheesecloth at 
the top of the eaves, and soaking it (CARE) with gasoline or 
ether. 


Ether-air mixtures. (a) see previous sentence. (b) Add a 
few ml. ether to a gallon can with two holes in the top; 
after two minutes hold (CARE) a long lighted taper to the 
hole: violent explosion. (Zsoupos, F., and Brako, F., 20, 
305 (1943).) 


Explosion limits. The explosion limits for acetylene in air 
(3 to 73% C2Hz) are wider than for methane in air (5 to 13% 
CH,). Therefore a calcium carbide cannon which works 
every time with acetylene often fails if methane-air mix- 
tures are placed in it. (Arenson, 8S. B. reports for CLark, 
J. D., 17, 469 (1940).) 


Explosion pressures. (a) See Sch. Sci. Rev., 19, 173 
(1937) for a device for measuring pressures of controlled 
explosions of gasoline, coal gas, and coal dust. (RaLsTon, 
W., 14, 196 (1938).) 

(b) See Z. physik. chem. Unterricht, 37, 256 (1924): the 
top of a Kipp generator is used as the explosion vessel, 
being of thick glass it will not break easily; use inverted. 
(1) Fill with illuminating gas and then light: burns 
quietly 15 seconds and then flame darts down with a ba: :z. 
(2) Repeat, but insert a one-holed cork stopper in the 
bottom: takes longer, about 1 minute, before the bang. 
(3) Place a balance with a pan 2 mm. below the open 
neck, with cork inserted: less than 1 kg. pressure is 
generated. (4) Repeat with cork touching pan: 7 kg. 
pressure. (5) With Hp in the vessel, time lag is different 
and pressure is over 10 kg. (OHMANN, O., 2, 306 (1924).) 
Also see Z. physik. chem. Unterricht, 38, 78 (1925): Kipp 
top, as before, better than a Woulff bottle. (6) Measure 
the gas pressure with a U-tube manometer containing 
colored water: equalize the pressure by running a knitting 
needle between rubber tubing and glass. (7) Ignite gases 
with hot wire or spark; use known volumes, e.g. a 1325 
ml. bulb gave a loud explosion with 200-270 ml. illuminat- 
ing gas, but no noise with 150 or with 365 ml. gas. (8) 
Place steel wool at neck to prevent flame from travelling 
into bulb and exploding. (9) Other mixtures: H, + 
O., Cl + He, Cl. + (ALyEA: ignites spontane- 
ously?), +. O2 (AtyEA: dangerous pressures with 
this mixture?). (OHMANN, O., 2, 506 (1924).) 


D. SOME OXIDATIONS 


2-19s With chlorate. (a) Drop (CARE) a splint, without previous 
ignition, into a large hard-glass test tube one-third full of 
molten KCIO;. (Raxkestraw, N. W., 6, 1882 (1929); 
ARENSON, 8S. B. reports for CuHanpuerR, E. E., 17, 515 


Explosive mixtures (for O: + He see topic 3). 
2-14s Illuminating gas. See Dem. 22-8, a tube 3 cm. X 6 meter 


long into which gas and air from a Bunsen burner is passed. 
Before lighting the gas, stopper the open end. Show the 
change in flame speed as the ratio of air:gas is changed. 
Show that oxygen increases flame speed. Show that a 
gauze placed half-way down the tube arrests the flame, 
principle of the Davy Miners Safety Lamp. (TuHrun, 
W. E., 13, 165 (1936).) 


2-15s Gasoline-air mixtures. (a) Pour gasoline vapor, not 


liquid, from one beaker to another, and set fire to the vapor 
in the latter. (b) Pour 5 ml. of 86° gasoline into the top of 
an inclined metal eaves trough, 4” wide and 16’ long, which 
has a lighted candle at the bottom (CARE): in 30 seconds 
flame runs up the trough. (c) Put 500 ml. of 86° gasoline in 
a 6-liter beaker 12” high and cover with an 8” funnel. After 
a few minutes thrust the following substances into the 
vapor (CARE: handle with a long forceps, ignition will 
occur if there is free flame): a glowing splinter, a glowing 
pipe, a cigarette being smoked by the suction pump. (d) 
Drop molten solder into gasoline: no ignition. (e) Ignite 


(1940).) Atysa: thinks it is too dangerous, the chlorate 
might detonate. 

(b) Chlorate + Fe. Drop (CARE) asmall ball of steel woo! 
into molten KCIO;: a violent flare occurs. (Epstern, M., 
26, 366 (1949).) 

(c) Chlorate + S. Gently mix 0.1g KCIO; + 0.1 g. flowers 
of sulfur; place on an anvil; hit with a hammer: violent re- 
port. (Srons, C. H., 2, 275 (1925).) try it before 
class; then in front of the class use '/, as much, for safety. 


2-20s With peroxide. (a) Add (CARE) water to a mixture 0! 


Na,O. + S. (Zsoupos, F., and Braxo, F., 20, 305 (1943). ) 
(b) Place a lump of ice on some Na2O2 which has been 
placed atop a bed of paper and sticks: fire occurs. (Bu- 
LINGER, R. D., 3, 897 (1926).) 
(c) Add a few drops of water to a ball of excelsior con- 
taining a little NasO.: fire ocenrs. (Forp, L. F., 18, 46 
(1941).) 


(Topic 2s will be continued in the March issue) 
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BRISCOE 
COLLEGE CHEMISTRY 


BRISCOE 
GENERAL CHEMISTRY FOR COLLEGES 


HART © SCHUETZ 
A SHORT COURSE IN ORGANIC CHEMISTRY 


MARKHAM ¢ SMITH 
GENERAL CHEMISTRY 


BOYK © GANTZ ¢ RICE 
GENERAL CHEMISTRY LABORATORY MANUAL 


EBLIN @ CLIPPINGER « MORTON 
A LABORATORY PROGRAM FOR GENERAL CHEMISTRY 
Second Edition 


MARKHAM REILLEY 
A LABORATORY MANUAL FOR GENERAL CHEMISTRY 


HOUGHTON MIFFLIN COMPANY 


“LINDE” M.S.C.rare gases are the purest obtainable 


HELIUM - NEON - ARGON - KRYPTON - XENON #% 

LINDE rare gases are produced under continuous 
mass spectrometer control to assure you of gases 
of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
nicians and engineers to all of its customers on 
their rare gas problems. 

Write for the booklet, ‘““LinpE Rare Gases’’ 


which contains information on the physical, chem- 
ical, and electrical properties of these gases. 


LINDE AIR PRODUCTS COMPANY 
A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street New York 17, N. Y. 
In Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited 
(formerly Dominion Oxygen Company) 


The term “Linde” is a registered trade-mark of Union Carbide and 
Carbon Corporation. 
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Selected PARR Items 
For General Laboratory Use 


THERMOMETER 
READING LENS 

A 3-power magnifier in a 
telescopic mounting. Easily 
clamped on any thermom- 
eter or burette of 6 to 
16mm. diameter. 


PARR No. 3003 


PELLET PRESS 


A convenient hand oper- 
ated press with inter- 
changeable stainless steel 
punch and die sets for 
compressing powdered ma- 
terials into pellets or tab- 
lets. Punch and die sets 
available in three sizes: 
dia, 4” dia, dia. 
PARR No. 2811 


TURBIDIMETER 


A visual extinction type 
turbidimeter used mainly 
for rapid sulfur and sulfate 
determinations. Sturdily 
constructed — easy to op- 
erate — moderately priced. 


PARR Spec. 2400 gives 
complete details. 


Ask your PARR Dealer for 
prices, or write direct 
for specifications. 


PARR INSTRUMENT CO. 


MOLINE, ILLINOIS 
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APPARATUS 
EQUIPMENT 


CHEM. ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


GATES 


®@ Ultraviolet Blacklight equipment 
® Sodium and Mercury Vapor Sources 


© Power Supplies for Zirconium Con- 
centrated Arc Lamps 


and other 
SPECIAL LIGHT SOURCES 


for FREE Catalog or contact your Lab. 
Write Supply 


GEORGEW.GATESECO, 


Rox 216, Franklin Square, L.1I., 


EXPERT POLARIMETER 
REPAIRS 
ADJUSTMENT OF OPTICAL SYSTEM 


O.C.RUDOLPH &SONS 


Manufacturers of 
Optical Research & Control! Instruments 


P. O. BOX 446, CALDWELL, N. J. 


NOW OVER 5/00 
CHEMICALS 


Hemicellulose 
Heptanediol-1,7 
e Herzynine 
@ Hexahydroxystearic Acid 
@ Hexamethonium Bromide 
e Hexamethonium Iodide 
e Hexamethylene Oxide 
@ Hexaphenylethane 
N,n-Hexylpiperazine 
@ 2-Hexylpyridine 
@ Hirudin 
Histidylhistidine 
@ Holmium and Salts 
@ Homocatechol 
Homolanthionine 
@ Hydantoic Acid 
Hydrindene 
@ Hydrobenzoin 
1-Hydroxyanthraquinone 
@ Hydroxycitric Acid 
8-Hydroxycoumarin 
ASK FOR OUR NEW 
COMPLETE CATALOGUE 


Ine. 


17 West 60th St. New York 23, N.Y 
Plaza 7-817) 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


Available in limited quantities 
WITHOUT A.E.C. LICENSE 


at Low Cost 


Write for Price List and 
Suggestions on Radiation Safety 


ATOMIC RESEARCH LABORATORY 


10717 Venice Boulevard Los Angeles 34, Calif. 


117 Liberty St. 


SEQUEX LABELS 


Numbered 1 to 99,999 (Self-Adhesive) 
100 Label heet 
parencies, papers, samples 
and specimens. 


PRICES: 100 $1; 500 $2.50;.1M $4; 5M $18.00 


R. P. Cargille Laboratories Inc. 
New York 6, N. Y. 


$99 50 
STIRRER 
Metal Case © Alnico Magnet * On/Off Switch 
Speed Control in Case © Stirring Bar Extra 


JAMES INSTRUMENT COMPANY 


P. O. Box 757 Newark 1, N. J 


JASON OLS 


Glycollic Aldehyde 

Pimelic Acid 
Sodium Rhodizonate 
JASONOLS CHEMICAL CORPORATION 
825 East 42nd Street Brooklyn 10, N. Y. 


Bromelin 
Phenylfluorone 
Propiolic Acid 


2,4,6-Tri tte 


A CHEMICALS 


METALS 
MINERALS 
“METALLIC SHEET AND FOIL” 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


RARE and FINE ORGANICS 


4-Bromopyridine 

Bulbocapnine HCL 
beta-Conidendrol 

p-Coumaric Acid 

Erythrogenic Acid 
5-Hydroxyindole-3-Acetic Acid 
4-Hydroxy Dipheny! Methane 


Sodium Thioglucose 
3,4,5-Trimethoxy Phenyl Acetic Acid 
Send for Free Catalog 


(K| LABORATORIES 


29-46 Northern Bivd., LIC 1, N. Y. 
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I} you have access to volumes 1 to 25— 


of the Journal of CHEMICAL EDUCATION 


YOU need 


the 25-Year 
CUMULATIVE INDEX 


A wealth of knowledge at your fingertips 


Research workers, chemistry teachers and 
chemists will find The Index most valuable as a 
quick source of information for the many articles 


during the quarter of a century 1924-1949. 
Teachers will find the list cf 850 entries under 
“Demonstrations’’ worth many times the price 
of The Index. 


An indication of the wealth of material available 
may be had by scanning this list of some of the 
principal items with the approximate number of 
entries under each. 


GENERAL ITEMS 


Preparation and Projects 
Entertainment 
(including games, puzzles, 
etc.) 


“chem shows,” 


PARTICULAR ITEMS OF “CONTENT” 


Periodic Table or System 
Oxidation and Reduction 


CURRICULAR-DIVISION OF CHEMISTRY 


Qualitative analysis 
Quantitative analyses 
Organic Chemistry 
High-school chemistry 
Chemical Engineering 


The price of the Cumulative Index has purposely been 
held to a minimum in order to permit the individual to 
have his own copy available at all times. 


You need the 25-Year Cumulative Index. 
your copy today. 


Order 


3.50 foreign 


EASTON, PENNSYLVANIA 


written on chemistry and chemical education 


$3.00 Postpaid guy 
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service. 
UNGLAZED 
REFRACTORY 
IMPERVIOUS TO GASES 


VITRIFIED 


FURNACE CORES * FURNACE TUBES 
FIRING PANS * BENT TUBES * SQUARE 
OR RECTANGULAR TUBES * AIR 
BLAST AND BLOWING TUBES 


Available upon request 
Coors PorceLain COMPANY 


complete line of tubes, available in a 
wide variety of sizes and shapes, de- 
signed for extreme high temperature 


auatlall | 


Acenaphthylene; lucose, Acetonedicarboxylic Acid, 
3-Acetylpyridine; ‘Acetyithiocholine cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanvigivein w Amylese; 
Anserine; Arach Arachidonic Argininamide; 
o-Arsanilic Acid, Bacitracin; Behenic Acid; Carbo- 
Cellulese; Cerotic Acid; 


phonic Acid; jesterol Esters; Circule- 

tory Hormone; Collagen; s- Columbium Chloride, 
Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Desthiobiotin ’Dibromosslicyleldeh 

Fluorophosphate; Dit iol, 

Equi Equilin; Erucic Acid; 

etraacetic Ac Ethylpyeidinium 

Glecoescorbic A Gluco- 

Phosphate; 

+ Glycyltyrosine; Heparin; Hexo- 

4-Hydroxyecridine, 


vatives; 
Ethylenediamine 


inic 
i-Ethionine; 
vom 


§ 
i 
‘ 


A cid; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyityrosine; 
Lignoceric Acid; Lithium Amide Acid; Menthol Glucuron- 
ide; propionic Acid; Mescaline Sulfate; Mesocystine; 
B-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 6-Naphthaleneacetic Acid; N- 
Ipropylenediamine; Red; Neurine Bromide; 
ylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
Acid; Penicillinase; Peroxidase; Phenolohthalein 
Phenylpyruvic ane Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Pyrimidine; Reductic 
Acid; Sodium Sodium Fl Sphin- 
gosine Tentelum joride; o-Ter- 


3 


Ask us for others! 


West 60thSt. New York 23,N.Y. 
Telephone Plaza 7-6317 
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Stirrtng aids 
for the 
Laboratory 


S-76445 STIRRING MOTOR—Sargent Cone Drive, Silent, 
Variable Speed, 200 to 1200 r.p.m. Complete with cross 
support rod, connecting cord and plug with line switch 
but without stirring rods or support. Chuck accommo- 
dates 4 inch stirring rods. For operation from 115 volt, $-76445 
50 or 60 cycle A.C. circuits $65.00 
$-76605 STIRRING MOTOR—Constant Speed, Light Duty, 
Sargent. Complete with support clamp and cross rod, S-76655 
S-76695 Sargent stainless steel centrifugal agitator and 
cord and plug with line switch but without support stand. 
To accommodate 14 inch diameter stirring rods. For op- 
eration from 115 volt, 50 or 60 cycle A.C. circuits..$24.00 
$-76655 FLEXIBLE SHAFT—Stirring, Sargent. For use with 
common types of stirring motors with 4 inch diameter 
chucks for extension of shaft where there is a minimum S-76695 
of space above the fluid container which can be occupied 
by the stirring power source. Total length, 18 inches; 
flexible shaft length, 11 inches, Each $9.50 
$-76628 STIRRING DEVICE—Reciprocating Linear Motion, 
for Belt Drive, Sargent. For transforming the rotary mo- 
tion of a motor shaft into simple reproducible, uniform 
linear stirring motion, Complete with attached pulley and 
second pulley for insertion in 4 inch motor chucks $15.00 
$-76653 STIRRING SLEEVE—Stainless Steel, Pressure or 
Vacuum. Length, 2 inches; outside diameter, 14 inch. $2.00 
$-76685 STIRRING ROD—Sargent Centrifugal Agitator, 
Glass. Made of heavy glass. Length, 714 inches; diameter 
of stem, 14 inch, maximum diameter, 20 mm. 

$-76695 STIRRING ROD—Sargent Centrifugal Agitator, 
identical with S-76685 but made of Stainless Steel, preci- 
sion ground to 4 inch diameter to permit use with 
S-76653 sleeve for pressure or vacuum applications. $3.50 


$-76653 


$-76628 

Stirring Device for 
transforming the 
rotary motion of a 
motor shaft into 
simple reproduci- 
ble, uniform linear 
$-76685 stirring motion. 


SARGENT @ 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


Patatag Wo. 100 E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
Catatag Ko. MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICH!GAN 
Viiv eretieg SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 

SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, AIA. 
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» Tolerances within Federal 

Specification DD-V-581a 

>» Permanent red graduations 

Production of accurate, low cost Pipettes by a 

combination of uniform bore tubing and a modern 

calibration and marking method—-envisioned and 

urged by us for a long time— has become a reality 
| with the announcement by Corning Glass Works 

of the new Pyrex brand ACCU-RED Pipettes. 

These new Pipettes have an accuracy well within 

6628 the requirements of Federal Specification DD-V- 
58la. Calibrating and marking by one operation 
motion of 0 reduces the cost and results in savings up to 15%. 
en They are made from accurate bore, uniform wall 
iform linear tubing of Pyrex brand glass 7740 and are there- 
motion. 


fore chemically stable, corrosion resistant, and 
unaffected by either hot air or steam pressure 
sterilization. 


Graduations and other markings are applied to 
the glass in a new permanent red which becom?2s 
part of the glass and remains sharply legible. Walls 
are extra heavy, and the sturdy tips have smooth, 
couble bevels. A “sight line” behind each major 
graduation mark permits rapid and accurate 


UALITY AND SERVICE 


-ASORATORY APPARATUS 


ACCU-RED PIPETTES 


2 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas 


and 


meniscus readings by minimizing errors caused 
by parallax. 


8161-D. Pipettes, Measuring (Mohr), Accu-red, Pyrex brand glass, 
graduated between points above tip. ! 


To deliver, ml........ 1 1 2 § 10 25 
Graduation 

interval, ml....... e+» 1/10 1/100 1/10 1/10 1/10 1/10 
Tolerance, +ml...... 0.02 0.02 0.02 0.04 0.06 0.10 
ES a a 1.03 1.14 1.16 1.16 1.34 1.81 
Per original 

*package of 18...... 16.69 18.47 18.79 18.79 21.71 29.32 


8169-L. Pipettes, Serological, Accu-red, Pyrex brand glass, graduated 
to extreme tip; with two bands at top indicating they are calibrated 
for blowing out the last drop. 


To deliver, mi.........+.+ 1 1 2 5 10 
Graduation 

1/10 1/100 1/10 1/10 1/10 
Tolerance, +ml......... 0.02 0.02 0.02 0.04 0.06 
1.08 1.23 1.26 1.26 1.49 
Per original 

*package of 18......... 17.50 19.93 20.41 20.41 24.14 


*May be assorted with items in Corning catalogue LP-36 and supplements thereto 
for maximum original package discounts. 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD ¢ PHILADELPHIA, PA. 
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New titles of interest . 


to the literary, poetic, or spoken language, the author 
thoroughly covers the constructions that students will 
encounter in reading technical French. The book is 
based on material used by the author for six years at 
Ready in April. 112 pages. Prob. $2.25. 


By WILLIAM N. LOCKE, The Massachusetts Institute 
of Technology. Offers a quick, practical approach to the 
reading of contemporary technical French. No previous 
knowledge of the language is required. Selections and 
sample sentences are taken from current scientific books 
and journals. Excluding features of grammar restricted 


M.LT. 


By GEORGE E. CONDOYANNIS, Sz. Peter's College. 
Designed for the student who wishes to acquire a rapid 
and direct reading knowledge of German adequate to 
cope with the technical articles and books in the field. 
It is planned for use with unsimplified scientific reading 


matter in conjunction with a dictionary. The author 
handles the material from the point of view of recog- 
nition of forms instead of their reproduction. Ready in 
April. Approx. 180 pages. Prob. $2.50. 


ORGANIC REACTIONS, Volume 9 


Editor-in-Chief: ROGER ADAMS, University of Illinois. 
This new addition to the well-known series provides 
additional compilations of important synthetic chemical 


reactions. As in the previous volumes, the survey of 


each reaction includes a general discussion of method, 


modifications, examples of applicability, special pre- 
cautions, a detailed description of procedure, expected 
yields, and other pertinent data. Ready in May. Ap- 
prox. 484 pages. Prob. $12.50. 


THE CHEMISTRY OF ORGANOMETALLIC COMPOUNDS 


By EUGENE G. ROCHOW, Harvard University; 
DALLAS T. HURD, General Electric Company; and 
RICHARD N. LEWIS, Olin Mathieson Chemical Corpora- 
tion. The first book in twenty years to review the 
subject in all its phases, this new volume covers (1) 
physical properties, (2) preparation, (3) chemical re- 


actions, and (4) applications of organometallic com- 
pounds. Concise and up to date, it discusses the broad 
governing principles before presenting other descrit tive 
material. Considerable use is made of the classical 
studies of Gilman in this field. Ready in April. Approx. 
342 pages. Prob. $7.50. 


PHYSICAL SCIENCE FOR LIBERAL ARTS STUDENTS 


By HUGO N. SWENSON and J. EDMUND WOODS, 
both of Queens College. Describes the special methods and 
procedures that have been found useful and effective in 
the natural sciences. The text aims at answering the 
question: ‘‘What is science and how do the natural 
sciences differ from other intellectual fields?’’ The 


authors analyze the roles played by experiment, hy- 
theses, theories, and ool why With emphasis on a 
istorical pre orga the book outlines experimental 
methods of science through an examination of astron- 
omy, chemistry, and physics. Ready in April. Approx. 
310 pages. Prob. $6.50. 


TRANSPORT PROCESSES IN APPLIED CHEMISTRY 


By R. C. L. BOSWORTH, Colonial Sugar Refining Co., 


Lid. Discusses the significance and mechanisms of 


transport processes, particularly as they apply to indus 
trial chemical operations. 1956. 387 pages. $12.00. 


_ BIOCHEMICAL INDIVIDUALITY 


The Basis for the Genetotrophic Concept 
By ROGER J. WILLIAMS, University of Texas; President of the American Chemical Society. 1956. 214 pages. $5.75. 


SEMICONDUCTOR ABSTRACTS, Vol. lll 


Abstracts of the Literature on Semiconducting and Luminescent Materials 
and Their Applications—1955 Issue 


Compiled by the Battelle Memorial Institute and sponsored by The Electrochemical Society, Inc. 1957. In Press. 


150 VEARS 


‘Bo, 


Send today for your examination copies. 


OF PUBLISHING JOHN WILEY & SONS, Ince 440-4th Ave., New York 16, N.Y. 
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nts will 
book is 
years at Dexter Award in History of Chemistry to Ralph E. Oesper 
ob. $2.25. Reference Books for Advanced Placement Chemistry Courses 
bee | oe Influence of Scientific Activities and Foreign Relations, Walter M. 
udolph 
Chemistry in Perspective, Edward C. Fuller 
e author . Symposium on Recent Advances in Photochemistry 
of recog- .F, Introductory Remarks, Jack G. Calvert 
Ready in he atom “en Molecular Structure and Photodecomposition Modes, James 
The Study of Free Radical Reactions Through Photochemistry, Harry E. 
Gunning 
the td. New Techniques in Photochemistry, Norman Davidson 
C. S. Fleck Asst. Business Mgr. New Techniques of Photochemical Synthesis, J. R. McNesby 
BOARD OF PUBLICATION Determination of the Equivalent Weight of Metals, Enno Wolthuis, Dale DeVries, 
and Marvin Poutsma 
M. G. Mellon P. W. West 
H. H. Sisler G. W. Smith Textbook Errors, Guest Column. XI: The Production of Mercury, E. A. Peretti. 
W. F. Ehret N. W. Rakestraw Model of the Alpha Helix Configuration in Polypeptides, Thomas A. Whalen... 
EDITORIAL BOARD The Inclusion of Tungsten and Thallium in the Elementary Scheme of Qualitative 
John L. Albernethy Analysis, K. L. Waters, C. J. Brockman, and W. J. Waggoner 
= Re a. Chemistry Instruction in California High Schools, Willard L. McRary 
a J. Arthur Campbell Wiohler and the Vital Force, L. Hartman 
escrif tive Oberlin College 


classical be pa Ohio Chemistry of Tanning in Ancient Mesopotamia, Martin Levey 
Approx. Fl Condensed Norms for A.C.S. Cooperative Examinations 


Reviews of: Chemistry, Form L; Organic Form MB; General 
Frederick B. Dutton Chemistry, Form M 


Assignment of D and L Prefixes to the Tartaric Acids, Costin D. Nenitzescu. . 


nent, hy- A a Kinetic Model for Single and Consecutive First Order Srections, 3 Milton 
asis On a 
elit Proceedings of the Southwest Association of Chemistry Teachers 

ot ati Assignment of D and L Prefixes to the Tartaric Acids, John ioe Abernethy. . 


Approx. Indiana Stale Teachers College Report ow | New England Association of Chemistry Teachers 


Improved Iodometric End Point in the Presence of Cr*+*, Arcot Viswanathan and 
ankaranarayana Gireesan 


Henry M. 2 
to indus- Francisco, California Editor's Outlook 
12.00. Out of the Editor's Basket 
Chem. Ed. Tested Demonstrations Al05 
Demonstration Abstracts, Hubert N. Alyea 


Subscription Price: Domestic $3.50 per year; ae $4.00; other countries $4.50. Issued monthly. 
Single copies of issues in current year, 50¢ each, other single copies, one dollar. Remittances and 
BUSINESS @ orders for subscriptions should be sent to Busi Office, 20th and Northampton Streets, 
PUBLICATION Easton, Pa. Foreign remittances must be thee by International Money Order. 
2Cii. and Northampton Streets 
Easton, Pennsylvania No claims for copies of journals lost in the mails can be allowed unless such claims are received within sixty 
t (60) days of the date of issue and no claims can be allowed for issues lost as a result of insufficient notice of 
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For Low-Pressure Drying 
¢ Down to 1 Micron 


SCHAAR 


OVENS 


@ 2” Thick Fiberglass insulation 
® Radiant Heating Chromalox Elements 
@ Hydraulic Thermostat Controls 


RUGGEDLY CONSTRUCTED of 
welded steel, these ovens provide large 
capacity and close temperature regula- 
tion. Doors seat perfectly against special 
Silicone gaskets. Radiant heating pro- 
vided by elements clamped to chamber 


Cat. No. JL-1110 STANDARD SIZE 


Chamber 8” wide, 8” high, 12” deep 
(Overall size: 12” x 17%" x 13%") 


HERCULITE GLASS DOOR 12” thick gives full view 
of interior 


CHAMBER WALLS of 1%” reinforced steel 


OPERATES on 115 or 230 v. A.C., single phase, 
50/60 cycle — draws 250 watts 


TERMINAL BLOCK for easy voltage change 


Complete with Cord, Plug, and 
Thermometer {10-200° C) ........ $16500 


No. JL-1112 KING SIZE 


Chamber 12” wide, 12” high, 18” deep 
(Overall size: 16%” x 18” x 24”) 


FULL 112” CU. FT. usable chamber space 
CHAMBER WALLS of 3/16” reinforced steel 

DUAL THERMOSTATS for close temperature regulation 
PRESSURE RELIEF VALVE for added safety 


OPERATES on 115 volts, A.C. 
Complete with Cord. Plug, and 
Thermometer (10-200° C) 


One Year against 


GUARANTEED *** defective parts 


Write for Complete Specifications 


walls. Equipped with 2 removable 
shelves, vacuum gauge 0” to 30” and 
thermostat. Grey hammertone finish 
outside . . . white silicone enamel 
inside chamber. 


SCHAAR ano company 


754 W. Lexington St. e 


Complete Laboratory Equipment 


Chicago 7, Illinois 
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Supplying the 
Nation’s Laboratories 
from Coast to Coast 


HARSHAW SCIENTIFIC 
Spotlights pH Meters 


Including two NEW Beckman meters. The “Zeromatic”’ line operated “push button” 
pH meter and the “Pocket’’ pH meter. 

The Zeromatic provides Easier, Faster, Routine pH measurements; greater versa- 
tility, accuracy, reproducibility. The pocket model which is only 6” x 3” x 2” and 
utilizes a combination glass and reference electrode offers the maximum in 
portability and convenience. 

Space permits only a brief description. We welcome your requests for more 
detailed information. 


tof 


H-28915 


H-29404—Beckman Pocket pH meter, battery H-28915—Beckman Zeromatic pH meter, line 
operated 6” x 3” x 2” deep. Light weight operated. Simply push button and take pH or 
with unique combination glass and reference millivolt reading. Drift free, no warm-up time, 
electrode which permits holding meter in one line voltage comp tion, continuous 0-14 pH 
hand while taking readings, leaving the other scale. Outlets provided for recorder, polariz- 
hand free for recording. . . . . $95.00 ing current, etc. . . . + « « « « $275.00 


H-29601— Beckman Model pH meter, 
battery operated. Range 0-14 pH. Tempera- 
ture compensator covers 0-100°C. Rapid 
measurements to 0.1 pH and with careful 
technique to 0.03 pH. . . . . $290.00 


H-28901—Beckman Model GS pH meter, 
battery operated. For special pH problems 
and applications requiring extreme precision. 
This ultra-sensitive instrument is accurate to 
0.0025 pH. The meter is a modified model G, 
which provides 20 times the sensitivity of 
standard null-meter measuring circuits. Utilizes 


H-28901 same electrodes as model G . . $595.00 


H-28900— Beckman Model G pH meter, 
battery operated. Designed for highest pre- H-28900 
cision and versatility in pH studies, oxidation- 
reduction potential measurements and 
titrations with accuracy and reproducibility 
to +0.02pH...... . . $440.00 


H-29602— Beckman Model N-2 pH. 
meter. Acompact, battery operated 
meter in carrying case designed 
especially for portability. Ideal for 
field use. Range 0-14 pH. Case has 
compartment for electrodes, beak- 
er and solutions . . . $335.00 


Service facilities and complete electrode stocks are maintained at all Harshaw 
Scientific Branches 


HARSHAW SCIENTIFIC 


Division of the Harshaw Chemical Co. * Cleveland 6, Ohio 
Soles Branches and Warehouses 
Cleveland 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Row 
Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave. 
Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa.. Jackson & Swanson Sts. 
Sales Offices: Baton Rouge, La. ¢ Buffalo 2, N.Y. ¢ Pittsburgh 22, Pa. * Oaklend 11, Calif. 


DUCATION 


y a 
AS = 
rge FBS 
nber ‘ 
‘4 : 
H-29601 
| 
| VOLUME 34, NO. 3, MARCH, 1957 A99 


the laboratory 


AINSWORTH 
CHAINWEIGHT | 
BALANCE 


many laboratories, large and small... it is a oa 
purpose instrument, is fast, and inexpensive. 


“AINSWO RTH Ch are preferred by 
so many laboratories becouse they are rugged, reliable 
accurate... give long, economical service. 


ADVANTAGES OF AINSWORTH 
CHAINWEIGHT BALANCES 
© Free hanging chain; no possibility of 


‘slippage, lost motion, or stretch between 
chain and indicator scale...more accurate 


Wide-spaced beam notches ...spacing i is 


Ball bearing pulleys... smoother 
operation 


© Small beam weight... more reliable. 


© Patented jeweled chain mount... better 
reproducibility 


Solid 14K gold chain ... hot gold filled 


Adjustable eye-level vernier to- 
read, easy to set zero 


WY MI. AINSWORTH & SONS, JING. Analytical, Micro, Semi- tira 


dA Bala nd W. 
2151 LAWRENCE STREET + DENVER 5, COLORADO Aipsworth 
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FOR YOUR LABORATORY 


2 ARTIFICIAL RESPIRATION 


3 ACCIDENT PREVENTION TIPS 


UNIQUE DESIGN 


FREE to all users of Mallinckrodt 
analytical reagents — this wall chart 
contains helpful suggestions on 
accident prevention and first aid. 
Hang this chart on your laboratory wall 
with instructions to all personnel 
to pull out the cards and read them. 
They give a refresher course on 
first aid and good laboratory procedures 
to prevent accidents. 

A unique feature is the “pull-out card” 
design. When needed . . . just pull 
out the appropriate card and take it to 
the scene of the emergency. 


® 
Ask youn DEALER FoR 


THIS FREE CHART 


or mail this coupon 


ST. LOUIS 7, MO. + NEW YORK 8, N. Y. 


MONTREAL 1, P.Q., CANADA 
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always PURE, DEPENDABLE, 400 ARs AVAILABLE 
ORDER FROM YOUR AR DEALER 


MALLINCKRODT CHEMICAL WORKS 


Second and Mallinckrodt Streets, St. Louis 7, Mo. 


Gentlemen: 
Please send your complimentary SAFETY CHART. 


NAME 


TITLE 


COMPANY 


STREET 


CITY ZONE 


MY LABORATORY SUPPLY DEALER IS 


: 
1-4 
| 3 ‘ 
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CRYSTAL LATTICE MODELS 


_elements...compounds...minerals...alloys 


Crystal lattice models manufactured by E. Leybold’s Nachfolger of Cologne, West 
Germany, are now being distributed in North America by Arthur 8. LaPine and Com- 
pany. Angles and dimensions of the models are based upon data obtained by X-ray 
and electron diffraction. Linear magnification of the models is 250 million times, 1 A = 
25 mm. Spheres of the crystal lattice models have a diameter of 20 mm and are painted 
different colors. The wooden spheres are fixed in position and permanently joined by 
metal rods. 


Three-dimensional crystal models are far superior to two-dimensional representations 
both in the laboratory and for teaching. Only through actual models do the structure 
of the space lattice of compounds, the arrangement of its components, the formation of 
crystallographically important planes, and the characteristic symmetry functions become 
clearly recognizable. Three-dimensional models make optical as well as stability 
properties understandable. Accuracy of angles and linear dimensions is such that the 
more difficult lattice planes even of the largest crystal lattice models are readily recog- 


SETS 


No. CE353-00 Initial Set of 14 Translational Lattices According to Bravais, 


No. CE353-10 Supplementary Set of 18 Lattices According to Menzer, 


No. CE353-20 School Set of 9 Types (Copper, Magnesium, Diamond, Graphite 
II, Sodium Chloride, Cesium Chloride, Wurtzite, Calcite, and a Triclinic Trans- 


SINGLE MODELS 


The following models are available singly: 12 of elements; 58 of mineral com- 
pounds; urea, carbon tetraiodide, hexamethylene tetramine, austenite, and 
martensite. 


Components of sets are listed in a 6- 
page bulletin on crystal lattice models 
available upon request. Write for this 
brochure listing all crystal lattice 
models and illustrating dozens more. 


TRICLINIC TRANSLATIONAL LATTICE CALCITE WURTZITE 
6001 SOUTH KNOX AVENUE 
ARTHUR S. LaPINE and COMPAN CHICAGO 29, ILLINOIS, USA 
LABORATORY SUPPLIES @ EQUIPMENT @ REAGENT AND INDUSTRIAL CHEMICALS 
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Design and fabrication by experts in borosilicate glasses 
add to the strength of Pyrex brand glassware. 


How to increase your budget’s buying power 


Budgets never buy as much as you’d 
like them to. 

But you can make yours do more 
than it first seems able to do... 
by buying the kinds of equipment 
that last longest. 

In glassware, for example, you’d 
buy Pyrex brand glass No. 7740. 

Pyrex brand ware costs less per 


Send for your copy of the new booklet, 


PYREx’ 
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year of use than any other glass you 
can use. 

Glass with the Pyrex trade-mark 
is inherently strong. It is exception- 
ally resistant to mechanical shock. It 
makes up in strength what your stu- 
dents lack in manual dexterity. 

You spend less of your budget to 
replace broken glass. You have more 


of your budget to spend on addition- 
al equipment. 

Your laboratory supply dealer will 
be glad to cite examples of savings. 
Ask him to. 


CORNING GLASS WORKS 
76-3 Crystal Street, Corning, N.Y. 


meand research i Glatt 


is Glass’ 


laboratory ware | 
... the tested tool of modern research 
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> farming forests 
> chromyl chloride 
> aluminum chloride 


Farming Forests 

As Joyce Kilmer put it, “Only God 
can make a tree,” but we are not im- 
modest in saying that now science can 
make it grow better and faster. 

This is the revolutionary concept of 
silviculture: treating a tree as a crop 
—for its cellulose content. Its purpose 
is to make available more and cheaper 
pulp and paper products. 

Forestry has long been held back by 
the concept that a tree will grow, if it 
just has enough water. For years we 
have practiced extractive forestry by 
cutting down our natural, virgin for- 
ests for wood products. When this area 
is restocked, or when it is farmed and 
then returned to the growing of trees, 
the growth is inferior, because plant 
foods — nitrogen, phosphorous, potas- 
sium — have been lost from the soil. 

The solution to this problem is sim- 
ply putting food back into the soil, but 
most foresters have felt that giving 
trees nutrients is generally impractical. 

To determine exactly how practical 
it is to fertilize trees, Allied Chemical’s 
Nitrogen Division sponsored a five- 
year study at North Carolina State 
College. This pioneering work, just 
being completed, indicates beneficial 
effects of plant food on Loblolly pine. 

Other recent studies have revealed 
that fertilization produces a 40 to 65% 
increase in tree growth, cutting years 
off the growing cycle of pulp wood. 
By speeding a tree’s growing time, the 
forester gets a faster turnover of capi- 
tal and shortens the time the tree is 
exposed to danger from fires or pests. 

Growth is the most dramatic indi- 
cator of forest fertilization. But there 


Al04 


are many more advantages : an increase 
in sap and nut production, and in the 
quality and quantity of seeds ; a healthier 
tree, better able to stave off fungus 
and pest attacks; a better root system 
and thicker foliage, making the tree 
more efficient. 


Aerial fertilization is an important 
economy, for dusting planes can “feed” 
hundreds of trees in a day. 

What is believed to be the first aerial 
application of a complete fertilizer to a 
forest recently took place at Rutgers 
University Dairy Research Farm at 
Beemerville, N. J. The. test, on an 11- 
acre stand of red pine, was by Rutgers’ 
Forestry Department and Allied’s 
Nitrogen Division. 

Fertilizers currently being used in 
forest studies are ARCADIAN 12-12-12 
—a balanced, granular (nitrogen-phos- 
phorous-potash) combination, Arca- 
DIAN Urea 45—a high analysis, pel- 
leted, 45% nitrogen fertilizer, and 
ARCADIAN nitrogen solutions. 


In conjunction with its field studies, 
Nitrogen Division is also sponsoring 
the first world-wide bibliography of 
forest fertilization with a grant at the 
College of Forestry of New York 
University at Syracuse. 


This definitive work contains over 
600 references, and the important point 
is that most of them relate studies 
which show a favorable response to 
forest fertilization. The Allied Chem- 
ical-New York University bibliography 
demonstrates that it is technically feas- 
ible to fertilize our forests. The Allied 
Chemical-North Carolina test demon- 
strates that it is economically feasible. 
ARCADIAN and Sotvay are Allied Chemical trademarks 


Chromyl Chloride 

A new chromium chemical—with many 
unique properties—has been developed 
in a high grade of purity by Allied’s 
Mutual Chemical Division. 

Chromyl chloride (CrO2 Cle) is a 
volatile liquid, characterized by its 
cherry-red color, soluble in carbon 
tetrachloride and similar solvents. In 
undiluted form it is a strong oxidizing 
and chlorinating agent, reacting so vig- 
orously with many substances as to 
cause ignition. 

In suitable solvents, many controllable 
and selective reactions may be carried 
out between organic materials and 
chromy] chloride. It is a starting mate- 
rial for making chromium organic com- 
pounds, some of which have unique and 
useful properties as surface coatings 
and bonding materials. 

Until recently, the researcher need- 
ing chromyl chloride was required to 
prepare it himself. Mutual Chemical 
has since put this interesting chemical 
in pilot plant production. 
Aluminum Chloride 
We can only suggest the variety of uses 
to which aluminum chloride (AIC\s) 
can be put. It is, for example, a cata- 
lyst in chemical synthesis ; it promotes 
reactions in the production of dyestuffs 
and intermediates, insecticides and 
pharmaceuticals; most recently, it is 
finding use for the first time in alumi- 
num plating. 

The older and perhaps more often 
thought of application is in the Friedel- 
Crafts reaction. Sotvay anhydrous 
aluminum chloride is produced as 4 
high quality crystalline solid and is 
shipped in a variety of granulations. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
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BEATING HEART CA Chem Hd | 


Submitted by: J. Arthur Campbell, Oberlin College 
Checked by: Lester Kieft, Bucknell University 


PREPARATION 


Place a pool of mercury about */, in. in diameter in a 
3-4 inch watch glass. Cover the mercury with 6 M 
H.SO,. Add 1 ml. of 0.1 M K,Cr.0;. Place an iron 
nail in the watch glass so that its tip just touches the 
mercury and the nail lies along a radius of the glass. 


vith many DEMONSTRATION 
developed Slowly add 0.5-2 ml. of 18 M H,SO, above the pool of 
y Allied’s mercury. As soon as rhythmic motion occurs in the 
4 mercury, stop adding acid. 
Cle) isa 
ed by its 
n carbon REMARKS 
cca The pool of mercury will continue to beat for hours 
aan wt . if the iron is held firmly in place. For this reason many 
<d a a prefer to use an iron wire connected to an external 
handle resting on the desk. ‘This allows an easier ad- 
sntrollable justment of the position of the iron to give maximum 
be carried beats. ’ ‘ ; 
Hels snd A common mode of beat is the triangular one which 
ing mate- leads to the title: beating heart. 
anic com- Journa of Chemical Education e March, 1957 
nique and 
> coatings 
cher TESTED 
equired to 
HYDROGEN BONDING IN LIQUIDS 


x chemical 


Submitted by: J. Arthur Campbell, Oberlin College 
Checked by: Lester Kieft, Bucknell University 


ty of uses 

(AICI) 

PREPARATION 

Ea ee Place 100 ml. of the following liquids in separate 300- 
ntly, it is ml. bottles: glycerin, 18 M H.SO,, glycol, water, eth- 
» in alumi- anol, ether, and benzene. 

ore often 

Friedel- 

anhydrous DEMONSTRATION 

Saat i Swirl each bottle equally and note relative time until 
ulations. the disappearance of each vortex. 

h 

uct de- REMARKS 

strative 


The viscosities here are different primarily because of 

more or less intense hydrogen bonding, though ether 
i: and benzene can be differentiated and their difference 
ih dif- explained in terms of polar forces. One can also show 
vin that an equal molal solution of CHCl; and (C,Hs).0 is 
more viscous than either pure substance due to hydro- 
gen bond formation. 


»mical’s 


esearch 


Journal of Chemical Education @ March, 1967 
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They’re so economicai—you use them 
once and then discard them. 


They reduce routine lab work—no need for 
washing, sterilizing, storing. 


diSPo-wraps— 

for fast, convenient 

sterilization of pipettes 

petri 
in ase — ransparent glassine is 

They incre accuracy—by preventing permeated by steam for 


Self-sealing, pressure- 
sensitive adhesive. 


No. 62124—diSP. 
for petri dishes—fit 60 
mm or 100 mm dishes. 
No. 67795—diSPo-wraps 
for pipettes—for 
sterilization of one or 
two pipettes. 19” x 14”. 
000—$10.80 


diSPo-dishes—made of p n-free diSPo-funnels and su 


yrogen 
clear plastic, contain no inhibiting 
agents and are inert to most biologi- 
cal reagents. Uniform—optically clear 
—scratch free—no lime fogged plates. 
Complete with cover. 


No. 62088A—100 mm dish—100—$9.95 
No. 62089—150 mm 
No. 62087—60 mm d 


pport—for pre- 
ring protein-free filtrates. diSPo- 
lunnels are made of thin, non-wetting 
plastic—strong enough to be u 
several times and then discarded. Un- 
affected by inorganic chemical solu- 
tions. Volume—10 to 15 mi. Use with 
9 cm filter paper. 


No. 64290—100 diSPo-funnels—$4.50 
No. 64291—support—$1.50 


0. 6 mm membrane 
filter technique 


diSPo-cups—the safe, con- 
venient way to store or trans- 
port lab specimens. Plastic 
coated interior resists leak- 
age or absorption. Space on 
cup and cap for data. 8 oz. 


No. 61785—250 diSPo-cups— * 
$10.00 


~~ diSPo-trays—wherever many test tubes or culture 


tubes are used. Each tray contains 96 cups or con- 
cavities o (12 rows of 8). h concavity has 20 mm 
diam., 10 mm depth, 2.7 mi volumetric cap. 

opaque styrene. Each, in box 


10—$.45 
No. 68965B—diSPo-tray, clear vinyl. Each, in box 
of 10—$.70 


Scientific Products—a single source for all laboratory supplies and equipment. For additional informa- 
tion on cost-saving diSPo-products, write our nearest Division office or consult your SP — 


DIVISION OF AMERICAN SUPPLY 
New York « Chicago « Kansas City « Minneapolis « Atlanta « Washington «+ Dalias 
Los Angeles « Francisco 
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LEARNING 


You effectively demonstrate many 
applications of a photochemical na- 


ture with this compact and power- 
ful lamp. 
The Hanovia Utility Model Quartz 
Lamp is excellent for use in all 
phases of ultraviolet photography, 
i.e., “reflected ultraviolet procedure” 
and the “fluorescence method”, It is 
F highly satisfactory for illumination 


of optical apertures, for microscopy 
and absorption spectra studies. 


Extremely flexible in use, the 

lamp housing turns readily from a 
vertical to a horizontal position. 
Weighs only 18 pounds. Light source 

is a high pressure electronic dis- 
charge quartz mercury arc, with 

U shaped active arc length of 1%”. 
Photochemical Reactions by Immersion. 

Hanovia laboratory-size immersion 
equipment excellent for teaching 

- and testing of actinic radiation proc- 
esses. Enables reaction techniques 

to be evolved and evaluated. Double- 
walled Quartz or Vycor glass im- 
mersion wells fit standard 5 or 12 


liter laboratory flasks. Permits 
study of admixture of reactants, 


temperature control, and maximum 
light ultilization of the high-pres- 
sure mercury-vapor ultraviolet 
lamp. 

YOURS ON REQUEST: Valuable, in- 
formative, 16-page brochure, PHO- 
TOSENSITIZATION, a review, details, 


facts on Photochlorination, Oxida- 
tion, Isomeric Transformation, De- 


composition, etc. Write Dept. CE-3 
R (ANCELHARO (NOUSTRIA®) 
100 Chestnut Street, Newark 5,N.J. 
Chicago * Cleveland *« Washington, D.C. 
Los Angeles * San Francisco 
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THERMO-STIR 


MAGNETIC-STIRRING HOT PLATE 


A TRIPLE-DUTY INSTRUMENT 

1. Hot Plate 

2. Magnetic Stirrer 

3. Combination Hot Plate and Magnetic Stirrer 


For Bringing Solids Into 
Solution 


Extractions 
Digestion 
Vacuum Distillations 


Heating or Boiling Volatile 
Solutions 


Synthesis 


And other Applications 
where Stirring and Heating 
are Essential Simultaneously. 


This unit is a magnetic-stirring hot 
plate with independent Off-On 
toggle switches and heavy-duty 
controls for both stirrer and hot 
plate. All controls are clearly 
marked and a pilot light indi- 
cates when heat is on. Hot 
plate is rated at 750 watts and 
measures 62” square. Oper- 
ates on 115 volts, 60 cycle. 
Hammertone finish. 


ORDER TODAY! 
Cat. No. C96692—THERMO-STIR, with 
Stirring Bar and Mounting Rod 
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FILTRATION CHART 


for use in Chemical Analysis 


$*§ Analytical Filter Papers 
Quick Retrence Catalg 


Ash-Free. Extra rapid. 
Thin. For use in the filtration of the individual metallic 
gelatinous precipitates from sodium hydroxide medi: ete. F larly useful in the filtration of bylky ' 4 
Ash per circle a ns = 
(in milligrams) al | } 
i 
= 


filtering. Soft loose texture. Intended 
ppts. Standard grade in the laboratories of <d for rapid filtration of coarse and gelatinous 
ce of the metallurgical industries where speed of filtration and 


le 


Diameter, cm. 5% 

Ash per circle | 15 18% 
Cin milligrams) = 04 255 a 4 


Ash-Free. Thick. Retentive 
Silter apeed. This highly absorbent paper provides increased retention without loss of 


Diameter, cm. 5% 

" 12% 15 
Ash per circle 3 18% 
(in milligrams) Az 2 


CARL SCHLEICHER & SCHUELL Co. 
Keene, New Hampshire 


FILTER PAPER DATA FOR QUICK REFERENCE o 


Valuable up-to-date SaS Quick Reference Catalog 

, gives filter paper data at a glance. Eight color pages. 
Sections on filter paper: Ash Free (less than 

q 0.007% ash); Qualitative; Hardened and 
High Wet Strength; F ‘olded; Miscellaneous and Filtration 
e Specialties. Description of each paper, Uses, 


Carl Schleicher & Schuell Co. 
Keene, New Hampshire ,Dept. JC-37 


(Name) (Position ) 


(Company ) 


circle diameters, sheet sizes. INCLUDES HANDY ere 
Sa$ FILTRATION CHART showing retention values. (City) (State) 


Send for your S&S Quick Reference Catalog now (0 Also send S&S Analytical Filter Paper Sampler 
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flowmeter 


Max. Flow mil./min. 


Water 


quarded 
predictability 


Cat. 
No. 


Price 


1.35 
10.30 
59.5 

545 
2070 


G9142T 
G9143T 
G9144T 
G9145T 
G9148T 


35.95 
35.95 
38.80 
50.60 
52.35 


s.s. hose ends available for connection to rubber tubing 
G15076 H 1%” hose end for sizes 69142 and 69143. 
€15081 R %” hose end for sizes 64144, G9145 and 69148 


All0 


)OEPT. 222 N. Y. 13. N. Y. 


SS 


Permits 


direct 
connection 
to pipe! 


N ow...new Guarded Predictability 
Flowmeters developed by Manostat 
Corporation fill the need of research 
and industrial laboratories for rugged, 
precise flowmeters at exceptionally 
low cost. They are the answer to nu- 
merous requests by users of our pre- 
dictability flowmeters for a truly ver- 
satile instrument. Among its features 
is its strong Tenite II* outer plastic 
protecting tube not in contact with 
fluid. Materials which do contact fiuid 
are corrosion resistant stainless steel 
and Hycar** rubber. 


For further information on the pre- 
dictability flowmeters themse)ves 
write for bulletin. 


*Tennessee Eastman **B, F. Goodrich Chem. Co, 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


NEW APPARATUS & EQUIPMENT 


p A new development in gas-oxygen hand 
torches is announced by Bethlehem Ap- 
paratus Co., Inc., Hellertown, Pennsyl- 


oratory research instrument capable of in- 
ducing and observing E-P-R signals from 
substances possessing a resultant elec- 
tronic magnetic moment. 


p> Tracerlab, Inc., 130 High St., Boston 
10, Massachusetts, offers a new model 
CE-14 Low Background Counter which 
is the first complete one package instru- 
mentation—counters, shields, scalers, gas 
flow system, etc.—to offer background re- 
duction to less than one count per minute, 
with an ultimate sensitivity of 0.05 counts 
per minute. 


p> A savings of up to sixty per cent on re- 
placement costs of immersion heaters is 
now possible through a new development 
of Pyrosil Inc., Cuyahoga Falls, Ohio, 
manufacturers of quartz heaters, infrared 
generators and fused silica pipe. The 
units are available in four interchangeable 
sizes. 


> Labline, Inc., 3070-82 W. Grand Ave., 
Chicago 22, Illinois, announces a new 
Penetrometer with built-in automatic 
electric timer. 

> Beva Laboratory, P. O. Box 478, Tren- 


(Continued on page A113) 


vania. The company has introduced a 
torch with three interchangeable tips 
which can be changed simply by squeezing 
the handles and replacing the tip which 
drops out. 


p A new apparatus for operating labora- 
tory water baths has been announced by 
Arthur S. LaPine & Co., 6001 S. Knox 
Ave., Chicago 24, Illinois. Called the 
Tempunit, it combines in one piece of ap- 
paratus a self-contained heater, controller, 
stirrer, and circulator with a completely 
built-in pneumatic control system sensi- 
tive within +0.05°C. 


> Secondary neutron standards of boron 
glass for neutron cross-section measure- 
ments are now available from Corning 
Glass Works, Corning, New York. 


> The Automatic Radioactive Chromato- 
graph Scanner announced by The Forro 
Scientific Co., 833 Lincoln St., Evanston, 
Illinois, is designed to provide an accurate 
graphical presentation of the activity dis- 
tribution along a paper chromatogram 
tagged with low energy beta-emitting 
isotopes. 


> A new one-to-four station Pirani 
vacuum gauge with a range from 1 to 2000 
microns Hg is now available from the 
Rochester Division of Consolidated Elec- 
trodynamies Corp., 1775 Mt. Read Blvd., 
Rochester, New York. This company 
also has available a new laboratory arc- 
melting vacuum furnace which simulates 
conditions in a large production furnace. 


> Beckman Instruments, Inc., 2500 Ful- 
lerton Rd., Fullerton, California, an- 
hounces the new Zeromatic (T.M.) pH 
Meter—an automatic push button instru- 
ment with drift-free amplifier which can be 
adapted for potentiometer recorder out- 
put, alitomatie temperature compensation, 
and Kar! Fischer titrations. 


> An Electron Paramagnetic Resonance 
Spectrometer of high sensitivity is now in 
regular commercial production by the 
Instrunient Division of Varian Associates, 
611 Hansen Way, Palo Alto 12, California. 
The Varian Model V-4500 is a basic lab- 
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In laboratories the world 

over, Tygon Tubing 
safeguards the purity of 
contamination-sensitive 
solutions. Tygon neither 
absorbs nor imparts impurities, 
taste or odor. Glass clear for 
solution visibility, softly 
flexible for ease in use, tough, 
durable and sterilizable, Tygon 
is made in more than 60 sizes. 
Conveniently packaged. 
Branded with name and 
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formulation for your protection. 
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Kodak reports to laboratories on: 


outdoing ourselves on film speed... staying a trigger of corruption ... something 
to feed the fires of creativity 


$.0. 1177 


We have outdone ourselves. We 
have made a sheet film that is ap- 
proximately four times as fast as 
Kodak Royal Pan Film when both 
films are forced equally in the de- 
veloper. Photography has scarcely 
had time in two years to adjust itself 
to the broader potentialities opened 
to it by Royal Pan and its roll film 
counterpart, Kodak Tri-X Film. 
These films had confounded 20 
years of common photographic 
knowledge about the limits of fast 
film with respect to exposure time, 
lighting requirements, and the lens 
aperture requirements that deter- 
mine depth of field. Now new and 
stronger superlatives must be found. 
Four times as fast as Royal Pan! 

The new film does not have an 
official name yet. It is temporarily 
designated Kodak Sheet Film S.O. 
1177, the “S.O.” standing for the 
special order which your dealer 
places for two- to three-week de- 
livery. Limited quantities only are 
being manufactured so that im- 
provements and modifications, if 
any, can be effected quickly. News 
photographers who have tried this 
film out for us have reported back 
exposure index figures that some of 
our people regard as impossibly 
high by an order of magnitude. So 
we guess until there is an official de- 
termination we had better not men- 
tion a figure. 


Still, what do you think of this 
shot made on §.O. 1177 at 1/25 
second, //5.6 by the light of nothing 
more than the ordinary cigarette 
lighter with which wives light their 
husbands’ cigarettes? 


Against ozone 


Ozone is a noxious gas. (The man 
in the street, if he recognizes the 
word “ozone” at all, congratulates 


himself on knowing it to be a high- 
toned synonym for pure, invigorat- 
ing air. When he hears that ozone 
is being used as an index of urban 
air pollution, he is confused, poor 
fellow—all the more if he is bright 
enough to remember from high 
school chemistry that ozone is Os, 
nothing but oxygen.) 

A little ozone goes a long way. It 
triggers corruption. It attacks dou- 
ble bonds, the weak links in chains 
of carbon atoms. The “sun-crack- 
ing” that puts those growing fis- 
sures in GR-S (the vulcanizable 
butadiene-styrene copolymer that 
insulates us a little from winds that 
blow in southeast Asia) has been 
unequivocally pinned on ozone. 

As a major producer of antioxi- 
dants, we have a clear duty to con- 
tribute arms to the fight on ozone. 
So we draw from our forges on the 
banks of the Holston in Tennessee 
the new Tenamene 30 Antiozon- 
ant(N, N-di-2-octyl-p-phenylene- 
diamine) and the new Tenamene 31 
Antiozonant (N,N’-di-3-)5-methyl- 
heptyl)-p-phenylenediamine). 

Here are no laboratory curiosities, 
coyly offered in little bottles with- 
out claims beyond identity. This is 
big business, for a recently tight- 
ened Army Ordnance specification 
tells in effect how much ozone expo- 
sure rubber goods must be able to 
stand under dynamic stress-and- 
relax conditions. Both the new 
Tenamene compounds help rubber 
weather and age more gracefully in 
non-dynamic use, too. Tenamene 
30, in particular, survives heating 
of the GR-S very well, so as to be on 
hand to combat ozone. 

These antiozonants may be pur- 
chased and introduced into rubber 
goods at the compounding stage 
even by manufacturers who have 
no Army Ordnance inspectors to 
get by. 

Isn't it nice that all your favorite rub- 
ber goods manufacturer has to do, if he 
wants to find out what would be involved 
in giving you longer-lasting satisfaction 
from your purchases, is to write for in- 
formation about Tenamene 30 
Tenamene 31 to Eastman Chemical 
Products, Inc., Kingsport, Tenn. (Sub- 
sidiary of Eastman Kodak Company) ? 


A nickel test 


In ammoniacal solution, 2,3-Quin- 
oxalinedithiol forms a dark red 


complex with nickel. We have de- 
cided for this reason to make and 
sell it as Eastman 7317. Soon, 
doubtless, somebody will publish a 
procedure employing this as a more 
sensitive and/or more convenient 
and/or more foolproof reagent for 
nickel. More than what? It is better 
not to ask. Today man gives vent 
to the fires that burn within him by 
inventing a more ( ) test 
for nickel. (There are few galleons 
to plunder, no hairy mammoths 
to hunt down.) 

We made this compound from 
2,3-Dihydroxyquinoxaline (Eastman 
6232), which is useful in precipitat- 
ing barium, calcium, and strontium 
from solution and then distinguish- 
ing between them. (We can furnish 
an abstract on that.) The 2,3-Dihy- 
droxyquinoxaline we make by con- 
densing o-phenylenediamine with 
oxalic acid, not from quinoxaline 
itself. To make Quinoxaline (East- 
man 7094), we use glyoxal, which is 
the simplest possible dialdehyde in- 
stead of oxalic acid, the simplest 
dibasic acid. (In truth, we don’t di- 
rectly use that green gas glyoxal, 
the simplest colored organic sub- 
stance, but handle it as sodium 
glyoxal bisulfite.) Quinoxaline is 
an intermediate for antispasmodic 
compounds. 

To replace the oxygens of 2,3- 
Dihydroxyquinoxaline with the sul- 
furs of 2,3-Quinoxalinedithiol, we 
choose for yield and quality this 
route: 


The intermediate 2,3-Dichloro- 
quinoxaline we can offer as Eastman 
7300. Maybe it’s good for starting a 
fire of creativity. 

The doctrine we here presume to teach 
to teachers of chemistry is that the quin- 
oxalines are typical of a multitude of 
organic families to be found among ap- 
proximately 3500 Eastman Organic 
Chemicals. For a copy of List No. 40 
or of the Ca-Ba-Sr abstract, write Dis- 
tillation Products Industries, Eastman 
Organic Chemicals Department, Roch- 
ester 3, N. Y. (Division of Eastman 
Koazk Company). 
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This is one of a series of reports on the many products a4 
and services with which the Eastman Kodak Company and 


its divisions are... serving laboratories everywhere 
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OUT OF THE 


Editor's Gasket 


ton 8, New Jersey, has developed Model 
155 non-overloading amplifier. It is 
recommended for high counting rate 
applications that require gain stability, 
linearity, and non-overloading properties. 
It is especially designed to be of use with 
scintillation and proportional counters. 


p A new series of graduated cylinders, 
molded in one piece from linear poly- 
ethylene, is now available in six sizes: 
25 ml., 50 ml., 100 ml., 250 ml., 500 ml., 
1000 ml., from the Nalge Co., 625 S. 
Goodman St., Rochester 20, New York. 


p The Fisher-Johns Melting-Point Appa- 
ratus eliminates the conventional melting 
point tubes and hot baths. Crystals 
are melted on a miniature hot plate under 
amagnifier. The entire unit including heat 
control, spotlight, and thermometer is 
now available from Fisher Scientific Co., 
309 Fisher Bldg., Pittsburgh 19, Pennsyl- 
vania. 

> QuiK-Konnect Thermocouple Com- 
ponents describes a new system of plugs, 
jacks, jack panels, and hardware furnished 
by Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Aves., Philadelphia 
44, Pennsylvania. 


>» Baird Associates-Atomic Instrument 
Co., 33 University Rd., Cambridge 38, 
Massachusetts, has developed a compact 
unit providing accurate register in pro- 
grams involving velocities, pressures, 
temperatures, flow rates, etc., that are too 
great for mechanical counters. 


p> A new portable, low-cost, dependable 
instrument for accurately measuring 
minute quantities of moisture in gaseous 
mixtures is now available from Consoli- 
dated Electrodynamics Corp., Pasadena, 
California. 


>» Anyone who deals with the physical 
characteristics of organic or inorganic 
materials will find the Mineralab a valu- 
able aid in inspection, observation, diag- 
nosis, analysis, and quality control. 
This ultraviolet unit is available from 
Ultra-Violet Products, Inc., 5114 Waluut 
Grove Ave., San Gabriel, California. 


NEW LITERATURE 


@ The X-Ray Diffraction Data Card File 
published by the American Society for 
Testing Materials, 1916 Race St., Phila- 
delphia 3, Pennsylvania, is now being of- 
fered to colleges and universities at 80% 
discount from the list prices. The dis- 
count is offered only on the basis that the 
card file will be used for classroom instruc- 


| tion. A certification to this effect will be 


necessary in order for the special discount 
to apply. 


@ Sensitive detector crayons for the de- 
tection of phosgene, hydrogen cyanide, 
cyanogen chloride, cyanogen bromide and 
lewisite are now commercially available 
according to a recent announcement by 
the Aromil Chemical Co., 5646 Belle 
Ave., Baltimore, Maryland. Literature 
and instructions on their use is available. 
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@ A copy of SAMA Tentative Standard, 
RC3-12-1955, Accuracy and Sensitivity 
Terminology as Applied to Industrial In- 
struments may be obiained without charge 
from Hampton M. Auld, Executive Sec- 
retary, Recorder-Controller Section at 
SAMA’s New York office, 522 Fifth 
Ave., New York 36, N. Y. 


@ The recent popularity of semi-micro 
techniques in the analytical and organic 
fields of chemistry has led the Arthur F. 
Smith Co., 311 Alexander St., Rochester, 
New York, to offer the well-known Quick- 
fit Semi-Micro Organic Preparation Set 
for sale in this country. Contact them 
for information on this set. 


@ Properties of Heteropolymolybdales, a 
15-page bulletin Cdb-12 covering the prop- 
erties, uses, classification, nomenclature 
and preparation of heteropolymolybdates, 
and containing a section on the use of 
literature on these compounds, and bulle- 


tin Cdb-5, Properties of Molybdenum Di- 
sulfide, a publication which covers the 
physical properties, thermodynamic prop- 
erties, electrical and magnetic properties, 
chemical properties, preparation and uses 
of molybdenum disulfide, has just been 
published by Climax Molybdenum Co., 
Dept. L, 500 Fifth Ave., New York 36, 
N. Y. Copies are available on request. 


@ Offner Electronics, Inc., 5320 N. Kidzie 
Ave., Chicago 25, Illinois, has issued an 
attractive 12-page, two color catalog de- 
scribing the firm’s new Dynograph Re- 
corder models. 

The Dynograph, a high-speed direct 
writing oscillograph for the recording of a 
variety of dynamic and static variables, 
combines in one unit, three media of re- 
cording; ink, heat sensitive, or electric 
sensitive with either curvilinear or rectilin- 
ear coordinates. 


(Continued on page A115) 


Serve ALL Science Labs 


with (0 FLEXIHOOD 


Kewaunee’s Safe, Movable, Clear-View Fume Hood 


Put it where you want it. Kewaunee’s FLEXIHOOD is easily 
moved—within a lab and from room to room. With one 
low-cost unit, you can provide ail your science departments 
with safe, sure fume removal. ~ 


Giass paneled front and rear, the FLEXIHOOD is an ex- 


conducted. 


REPRESENTATIVES IN 
PRINCIPAL CITIES 


cellent lecture-demonstration unit that provides all students 
with an unobstructed view of the experiment as it is being 


FLEXIHOOD is remarkably compact—36%2” wide (43” 
with attached blower), 25” high, 20” deep. It requires no 
expensive installation for blower and duct system and does 
not need fixed mechanical services. 


Write for FREE brochure giving complete details and 
specifications on the efficient, portable FLEXIHOOD. 


AHewaunee 


KEWAUNEE MANUFACTURING CO. 
5014 S. Center St., Adrian, Michigan 
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FREE Samples of 
E-D FILTER PAPER 


for EXPERIMENTS IN 


CHROMATOGRAPHY .. . 
E-D grade No. 613 


ELECTROPHORESIS... 
E-D grade No. 301—85 Ib. 


QUALITATIVE ANALYSIS... 
E-D grades Nos, 613, 615 


E-D FILTER PAPERS are qualitative—non-acid washed—of low ash con- 
tent—neutral and substantially free of solubles. They are produced here, 
at Mt. Holly Springs, from carefully selected materials, under strict labora- 
tory supervision. They enjoy an international reputation for dependable 


uniformity. 


E-D scientific filter papers are available in . . . 
SHEETS . . . sizes 20” x 20” and 1814” x 221%”. 
ROLLS . . . 6 ft. long widths of 1%”, 1” or 114”. 
CIRCLES .. . from 4.0 to 101.5 cm. 
Or in special sizes and shapes, cut to individual specifications. 


Your dependable E-D distributor will gladly supply you with free samples 
. . . Or, you can write directly to this office. 


THE EATON-DIKEMAN CO. 


FILTERTOWN 
MT. HOLLY SPRINGS + PENNSYLVANIA 


Since 1890, the only Company in America exclusively devoted to the manufacture of filter 
paper for science and industry. 
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OUT OF THE 
Welch Stainless Steel 
Editor's Gasket TRIPLE-BEAM BALANCE 


@ ‘The Gerald K. Heller Co., 1 N. Corey Wide Range + Accurate - Fast - Stable - Corrosion-Resistant - Low Cost 


St.. Baltimore 23, Maryland, offers a 

catulog Motor Controls-Electronic-Adjust- SENSITIVITY: 
able Transformers-Rheostats, which gives 0.01 grams or less 
information on these pieces of equipment. © 


@ fhe Moeller Instrument Co., 132-02 
sot Ave., Richmond Hill 18, New York, | | CAPACITY 111g. 
is again offering without obligation its (with extra weight 201 9.) 
temperature conversion chart to engineers, * 

de i i 
students and others having use for this 3 Graduated 


handy pocket size aid. 

Scale Levels 
@ New catalog of products for the labora- e 
tory includes illustrations, data tabula- 
tions, on = Hard, Cobalite 
range 0 en products available. ° 
Included are:  fractionating-distillation Knife Edges 
columns; packing-type columns; con- 
centric-tube columns; still. heads; sole- 
noids; timers; feed sections; product Grooved 
condenser-receivers; and such other auxil- Agate Bearings 
iaries. Contact Glass Engineering Lab- e 
oratories, 560 O’Neill Ave., Belmont, . 
California, for a copy. Base Silver-Gray 


@ General Radio Co., 275 Massachusetts Hammerloid Finish 4031. AUXILIARY WEIGHT. Each $1.50 
Ave., Cambridge 38, Massachusetts, has 4030C. PLASTIC COVER For No. 4030. Each $1.10 


ilable Bulletin O describing their com- 
slote line of Variac adjustable autotrans- Ww. M. WELCH SCIENTI FIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
@ Information on trimethyl aluminum 1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 7 


formers. 


other aluminum alkyls, and methyl] alumi- Manufacturers of Scientific Instruments and Laboratory Apparatus 
num sesquichloride can be obtained from 
U. S. Industrial Chemicals Co., Division 
of National Distillers Products Corp., 99 
Park Ave., New York 16, N. Y. 


@ Phoenix Precision Instrument Co., [HH] 
3803 N. Fifth St., Philadelphia 40, Penn- - ae NALGENE 


sylvania, announces the availability of a 


new 8-page Bulletin R 1000. This bulle- 

tin describes eight new refractometers for re a a cy in rs 
use in laboratory, pilot plant, and process ei 

control. 


@ A new, 24-page booklet, Bulletin 40, ih a = : NALGENE [HH] again proves its superiority 
featuring the latest information on ther- Bh [l ae in laboratory practice. Because they are light 


mometers and hydremeters has just been 
published by Central Scientific Co., 1700 
Irving Park Rd., Chicago, Illinois. 


they are easier to handle. Because 

they are NALGENE, they cannot break. 

This completely new series of six graduates 

is manufactured closely to glass graduate 

MISCELLANY ay specifications and standard dimensions. 

* Since 1940, the Williams-Waterman a 2 Octagonal bases prevent rolling. 

Fund for the Combat of Dietary Diseases a ae os They may be autoclaved 

has distributed $2,300,000 in grants for o Ge ee under standard conditions 

in nutrition and biochemistry. 
ese figures were revealed in the recently ef Ask deale catalog E- 

Willianis-Waterman Fund, by Dr. Robert mi. 25 | so | 100 | 250 | 500 | 1000 

R. Williams. The book also relates the = : Subdiv.,mi.| 1 2 5 10 20 25 

story of the 26 years of research conducted cha a 

by Dr. Williams and his associates on the Each | 

“beriberi-preventing substance’? which 3 ss Discount: Less 10% in lots of 12 per size 

culminted in 1936 with the synthesis of : 

Vitamin B, and is available from Research 

> 405 Lexington Ave., New York, 


Volume 7, Number 4 of Becco Echo, 
December 1956, published by The Becco 


Chemical Division, Food Machinery and ss nde ROCHESTER 2, N.Y. 
Chemical Corp., Buffalo 7, N. Y., contains 
— —— (Continued on page A116) Sam WORLD'S LARGEST FABRICATOR OF POLYETHYLENE LABORATORY WARE 
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the J-M colored 
asbestos-cement 
table top 


Colorlith is now regularly supplied in a 
rich, red bbown—Cameo Brown. This new 
material developed by Johns-Manville 
especially for laboratory table tops, 
brightens the working area, making the 
laboratory an attractive place in which 
to work. . 

Colorlith resists most chemicals, acids, 
alkalies and solvents. Its physical proper- 
ties greatly exceed those of commonly used 
table-top materials. Combining impressive 
tensile, shear and compressive strengths, it 
resists shattering and flaking, withstands 


impact. Colorlith is readily machined with - 


metal-working tools. 

Colorlith is also available in Charcoal 
Grey as well as Cameo Brown through 
leading manufacturers of laboratory equip- 
ment. For their names and descriptive 
folder, EL-62A, write Johns- 
Manville, Box 14, New York 16, 
N.Y.InCanada,PortCredit,Ont. 


Johns-Manville 


Editor's Sacket 


the interesting story ‘““K Stands for Color 
at Kodak Park.’”” Emphasis is given the 
importance of color and the problems of de- 
veloping Kodacolor film. 


% Selected ASTM Engineering Materials 
Standards has been prepared for use by 
college engineering students and teaching 
staffs. By supplying representative il- 
lustrations of nationally accepted standard 
specifications and the standard test 
methods which support them, the student 
can be made familiar with the existence, 
availability, nature, and origin of the 
specifications for the materials which all 
engineers must use. List price $4.00, 
recognized engineering college student 
price $1.50. 


% The International Union of Crystallog- 
raphy has accepted the invitation of the 
National Research Council of Canada to 
hold its Fourth General Assembly and 
International Congress in Canada from 
the 10th of July to the 17th of July, 1957, 
followed by two Symposia on the 18th 
and 19th. At the Congress papers will be 
presented on all aspects of Crystallo- 
graphic research; the subjects of the 
Symposia will be “Physical Techniques of 
Crystallographic Interest’’ and ‘Electron 
Diffraction.”” Through the co-operation 
of McGill University and the University 
of Montreal, the meetings are being held 
in the City of Montreal. Technical ex- 
cursions to other parts of the Province of 
Quebec and to sections of the Province of 
Ontario are being arranged. 


% International Film Bureau, Inc., 57 E. 
Jackson Blvd., Chicago 7, Illinois, an- 
nounces 3 films for high school and college 
chemistry classes: ‘‘What Goes Into the 
Blast Furnace’; “Iron Making” and 
‘‘What Comes Out of the Blast Furnace.” 


% Tomorrow’s Scientists, a new publica- 
tion by the National Science Teachers 
Association, is designed to bring to the 
junior and senior high school student such 
features as recent advances in the scien- 
tific fields, information concerning science 
activities for students, career and guidance 
information, student-written reports of 
projects which show a high level of achieve- 
ment, a science quiz, and announcements 
of ew science books. 


% The New York University College of 
Engineering will conduct a program of 25 
lectures on vacuum metallurgy from June 
10 through 14. Specialists from the 
United States and abroad will discuss 
vacuum pumping systems, thermodynam- 
ics, specific processes, the designs and 
operation of arc and induction melting 
systems, and applications of vacuum 
processed materials. Inquiries should be 
addressed to Dr. R. F. Bunshah, associate 
engineering scientist, New York Uni- 
versity College of Engineering, Univer- 
sity Heights, New York 53, N. Y. 


% A three-day Symposium on the Forma- 
tion and Stabilization of Free Radicals 
(Continued on page A117) 


@ Prices are REDUCED on the popular 35 
mu. slit modell 


@ Test Tube Technic Saves Time! 
@ No Electronics . . . Saves Service Costs! 


DEPENDABILITY. Here’s where the 


Coleman Spectrophotometers surpass elec- 
tronic instruments...day in, day out, 
you DEPEND on your Coleman readings, 
The Coleman JUNIOR is ideal as a rugged 
teaching instrument for inexperienced stu- 
dents...NO CELLS, BATTERIES or 
FILTERS! 


ACCURACY. Yes, Coleman Spectro- 
photometers equal or exceed DELIVERED 
accuracy of units costing twice as much. 
More than TEN THOUSAND Coleman's in 
use! 


K or Na 


FLAME ATTACHMENT... .Ca, 
in body fluids...now proven in over 300 
CLINICAL installations! 


@ WRITE FOR FREE COLEMAN CATALOG JC-3 
and new low prices on the entire Coleman 
line. 


An AUTHORIZED, Coleman Distributor 


LABORATORY SUPPLIES AND EQUIPMENT 


WILKENS-ANDERSON (0. 


4525 W. DIVISION ST. CHICAGO 51, WL. 
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CATION 


OUT OF THE 


Edttor's Gasket 


will be held at the National Bureau of 
Standards September 18-20, 1957. The 
meeting will be sponsored jointly by the 
Applied Physics Laboratory of the Johns 
Hopkins University, the Catholic Uni- 
versity of America, and the National 
Bureau of Standards. 


% Non-classified results of the growing 
volume of Government-financed scientific 
research, estimated at a $2.7 billion level 
for the current fiscal year, are being 
turned over to American science and in- 
dustry in increasing quantity through the 
Office of Technical Services, U. 8. Depart- 
ment of Commerce, according to John C. 
Green, OTS Director. Among these re- 
leases available from the OTS, U. S. 
Department of Commerce, Washington 
25, D. C., are: PB 121120 Principles of 
Laboratory Temperature Control, Electronic 
Relays, Thermistor Operated Temperature 
Control, C. M. Proctor for Office of Naval 
Research, 55 pages, $1.50, 1955. PB 
121399 A Review of Literature Pertinent to 
the Design and Use of Effective Graphic 
Training Aids, E. V. Saul and others, 
Office of Naval Research, 219 pages, 
$5.00, 1954. PB 121498 Research on the 
Synthesis of Polar Silane Monomers, R. M. 
Silverstein, L. Goodman, and A. Benitez, 
Stanford Research Institute for Wright 
Air Development Center, 30 pages, 75 
cents, 1956. PB 121529 The Preparation 
and Properties of Some New Fluorine- 
Containing 1,2-Epoxides, D. A. Rausch 
and A. M. Lovelace, Wright Air Develop- 
ment Center, 11 pages, 50 cents, 1956. 


* The following reports are available 
from the Office of Technical Services of 
the U. S. Department of Commerce, 
Washington 25, D. C. (please order by 
number): 

PB 121293—The Dielectric Properties 
and Molecular Structures of Certain Par- 
tially Fluorinated Esters. J. B. Romans 
and T, D. Callinan, Naval Research 
Laboratory. Aug., 1956. 33 pages. $1. 

PB 121210—Reactions of Esters of 
Phosphorus Acids with Metallic Com- 
pounds. R. B. Fox and D. L. Venezky, 
Naval Research Laboratory. Aug., 1956. 
21 pages. 75 cents. 

PB 121129—The Mechanism of In- 
hibitors for Chain Reactions. A. T. Ree 
and K. Yang, University of Utah for 
Air Force Office of Scientific Research. 
Jan., 1956. 13 pages. 50 cents. 

PB 121411—The Oxidation of Activated 
Carbons at Room Temperature. R. E. 
Vander Vennen, Naval Research Labora- 
tory. Aug., 1956. 18 pages. 50 cents. 

PB 121282—Techniques for Making and 
Projecting Stereoscopic Slides, C. W. Ken- 
dal and W. H. Richards, Wright Air 
Development Center. Jan., 1956. $1. 

PB 121181—Collection of Papers Pre- 
sented at the Colloquium in Statistical 
Design of Laboratory Experiments, Naval 
Ordnance Laboratory. June 1955. $2.75. 

PB 121174—Photoconductivity in Lead 
Selenide, J. N. Humphrey, Naval Ord- 
nance Laboratory. May, 1955. $2.75. 
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stop everything 


with the Crest / 


Ceverything worth mentioning, that is!) 


The Lab-Crest Stopcock is inert to all chemicals and solvents. For 
the record, we know of two exceptions—molten alkali metals and 
fluorine. 

PROVED by 3 years of field testing, the Lab-Crest Stopcock does 
not leak . . . never “freezes” . . . requires no lubrication . . . there 
is no product contamination. At $4.90, it offers you the best 
stopcock niade. 


Write for this new catalog which illustrates products 
featuring the Lab-Crest Stopcock and includes 
prices and specifications. 


FISCHER & PORTER COMPANY 
4337 County Line Road, Hatboro, Pa, 
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DAMSON 


OTHER TYPICAL 
BzA LABORATORY CHEMICAL 
PACKAGING DEVELOPMENTS: 


B&A SAFTEPAK* 
for Hydrofluoric Acid, 


Special narrow-necked container | rags Reagent, ACS 
simplifies handling of eee 
Bs«A Sodium Peroxide, Reagent 


stream or full flow. 
“Siphon action’’ pour-out 
draws back drops clinging 
to lip, gives more accu- 
rate measure. Shatter- 
proof polyethylene bottie. 


B&A 5-GALLON 


Typical of the way in which Baker 
& Adamson works constantly to 
improve the packaging of its labo- 
ratory reagents is this new con- 


beneath the cap guarantees that 
you receive an air-tight, factory- 
fresh product every time. 


SOLVENT DRUM 


Features retractable 
polyethylene spout 
with plastic screw 
cap for safe, con- 
trolled dispensing 


flow continuously from Baker & 

The special high cone top and nar- Adamson. . . the leading producer gling and splashing. with 
row neck permit faster and more of laboratory chemicals . . . and q Bea Lowe STEMMED mech 
easily controlled dispensing. The the leader, too, in packaging re- AMPOULES drive 
screw cap provides easier opening agents for easier, safer and more for Acetyl Chloride, Speer 
and better reclosure as well as convenient use. For all your labo- ona ay ciiiee _ 
greater protection for the hygro- ratory chemical needs, you’ll find maxim shar} 
scopic material. A tin inner seal it more convenient to specify B&A. easy opening and reseal- the « 
ing. Special acid-resistant 

glass has heavy-wall con- platf 

struction. into 


*General Chemical trademark. 


BAKER & ADAMSON® 
Laboratory Reagents 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany* ¢ Atlanta * Baltimore* * Birmingham* * Boston* * Bridgeport* * Buffalo* * Charlotte* * Chicago* * Cleveland* * Denver* * Detroit* ¢ Hou-‘on® 
Jacksonville * Kalamazoo * Los Angeles* * Milwaukee * Minneapolis * New York* ¢ Philadelphia* * Pittsburgh* ° Providence* ¢ St. Louis* * San Francisco 
Seattle ¢ Kennewick* and Yakima (Wash.) In Canada: The Nichols Chemical Company, Limited * Montreal* © Toronto* © V * *Complete stocks carried /:ere. 
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THE NEW SARGENT 


$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 


POWER 
BORER 


Designed and manufactured by E. H. Sargent & Co. 


PRECISE 
BORING 
IN SECONDS 


Fast and Easy To Use 
Accurate Smooth Holes—You can bore as many 


Efficient Boring 


holes as the area of the cork or stopper will allow. 
Insures Parallel Alignment of Borings 
Compact—Portable —Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inciusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
115 volt, 60 cycle A. C. circuit 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


ae E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
Cavatog \CHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
Viv eretiGg SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 

SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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DAIGGER 


DIAL SPEED 
STIRRER 


¥ No power loss at 
any speed 


¥ Explosion safe 
¥ Stepless Speed Control 


Rinco Rotating 
Vacuum-Type Evaporator 


Speed evaporation of solvents of low volatil- 
ity four or five times—varying with solvents. 


The DAIGGER DIAL 
SPEED STIRRER has c= Adaptable for volumes of 1 ml to 500 ml. Utilizes the 


these outstanding features. principle of the spreading out of a thin film over large area 
and subjecting to negative pressure. Can be used in single 
© HOLLOW DRIVE SPINDLE allows raising or multiple units. At 20°C, 30 ml of water will be evaporated 
in 30 minutes. Especially useful with biological extracts or 
ing assembly. Rods up to diameter 
can be used. heat-sensitive compounds; will operate faster with increased 
© GnAbuaTED GUA of temperature, if sample permits. Consists of a monel metal 
shaft with a 19/38 joint at lower end. Shaft rotates on 
y predetermined speed. 
oilite bronze bearings; Teflon ring seals; monel metal hous- 
© PRESSURE PORT for added safety from ing. Use with standard pump and trap, or standard aspirator. 
explosions, simply connect hose nipple Flasks retate at 98 ¢ 
(pressure port) to a compressed air line. . i 
The introduction of air under positive pres- 39474—Rinco Rotating Vacuum-Type Evaporator, with $ 
raed ornet: _— up of explosive vapors 19/38 joint to accommodate small flasks, such as 50 ml; 
tn the Golly cnsioned meter. , with induction type motor; for 115 v., 60 cycles, A.C. 
@ LARGE UNIVERSAL CHUCK will accom- $114.50 
odate 
cass of up to 3947 5—Rinco Evaporator, with brush-type motor. . $96.50 
80820D— Adapter, “Pyrex” Brand, for adapting 19/38 joint 
DAIGGER DIAL SPEED LABORATORY of Rinco Evaporator to larger flasks, having a § 24/40 
STIRRER combines integral speed control with joint, each $1.83 
constant torque at all speeds. There is no power 
loss at any speed as speed is controlled by cen- New Rinco “Solvent Recovery Condenser 
trifugal governor which will hold speed constant at Valuable accessory to Rinco Evaporator. Connects to flask 
any setting despite changes in voltage or viscosity of Rinco Evaporator with standard taper ground glass joints. 
of material being mixed. The combination of Rotates with evaporating flask. Recovers in excess of 75% 
governor control and gear reduction drive elimi- of solvent. Increases speed of evaporation 2 to 3 times. 
nates reduced torque at low speeds. Easy to cool with cold water or ice. Protects vacuum pump 
$6540-A DIAL SPEED STIRRER, speed range 80 to 1200 RPM, 
including mounting rod assembly, 115 Volts, 60 cycle, A.C. 39477—Solvent Recovery Condenser, standard size, 1000 
Less shaft and propellor. ml, with 500 ml working capacity, § 24/40 ground glass 
$6540-B Same as above, but speed range Each joints, (Other sizes available on request) Each. . . . $16.00 
2.30 to 3000 RPM. $99.50 


a. daigger & co. 
LOS ANGELES SAN FRANCISCO PHOENIX SEATTLE 


159 West Kinzie Street Chicago 10, Ill. DENVER MINNEAPOLIS KANSAS CITY DALLAS 
NEW ORLEANS ATLANTA WASHINGTON, 0. C. 
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Kimble Micro-Burette No..17100.with detachable platinum 


Wii, 


Vn. = 


tip; Kimble Graduated Centrifuge Tube No. 45165. 


Kimble Micro-Burettes and Graduated Centrifuge Tubes 
if your work demands accuracy, demand Kimble Glassware 


Micro-Burettes: You can 
deliver drops as fine as 
.01 ml with the detach- 
able platinum alloy de- 
livery tip. The orifice is 
gauged to control delivery speed and 
deliver contents accurately. The tip is 
constructed so that clogging of the metal 
tube by dirt and grease is minimized. 
Being detachable, the tip is easily 
cleaned. They are attached to the 
Burette by means of an interchangeable 
ground joint of the same size as stand- 


KIMBLE LABORATORY GLASSWARE 


AN 
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ard hypodermic syringes. Standard hy- 
podermic needles may be used with this 
Burette. Burettes with conventional 
sealed-on glass tips are also available. 

Graduated Centrifuge Tubes: They 
are made from tubing having heavy, 
even walls. The tops are finished with 
a machine tooled reinforcing bead. Out- 
side diameters of bodies, tapers and 
bottoms are carefully controlled to fit 
holders. Lengths are held within close 
limits to prevent breakage from hitting 
against centrifuge heads. 


PRODUCT 


All burettes and tubes are thoroughly 
annealed to increase mechanical 
strength. Graduation lines are fine and 
sharp with fused-in permanent opaque 
color to permit easy and precise reading. 
Every burette and graduated centrifuge 
tube isindividually retested for accuracy. 
There is a Kimble glassware item 
available to fill every laboratory need. 
Your laboratory supply dealer is ready 
with complete information. Or write 
Kimble Glass Company, subsidiary of 
Owens-Illinois, Toledo 1, Ohio. 


Owens-ILLINoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 
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Sparhless INDUCTION TYPE MOTOR 


provides maximum safety in the 


Welch ELECTRIC STIRRER 


Speed Adjustable from 200 to 1400 
Revolutions Per Minute - - 
Stabilized by Watt-Type Governor 


@ Uniform Power Output 
Eliminates Rheostats, Gears, or 
Friction-Drive Discs 


@ Thrust Ball Bearings Insure Long Life, 
Continuous Running 


Reduces Explosion Hazard 

The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, will not burn out 
if stalled by overloading. 


Governor-controlled 

Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
at the top of the shaft. A locknut for this adjustment 
is provided. A Watt-type governor incorporated 
within the motor housing stabilizes the speed. It oper- 
ates such that any decrease in speed caused by addi- 
tional viscous drag in the fluid causes the governor 
weights to move inward, thus reducing friction between 
the control surfaces and automatically increasing the 
net torque exerted. The speed of the stirrer therefore 
remains relatively constant under the moderate load 
fluctuations usually encountered. 


Both ends of the motor shaft are equipped with ball 
bearings properly designed to carry the necessary axial 
and radial thrusts when the stirrer is operated vertically 
or at an angle. Lubrication is required very infre- 
quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
is permanently lubricated. The control surfaces in the 
governor are made of materials which show negligible 
wear even after long service. 

The lower end of the shaft carries an adjustable 
check which takes any size shank up to !/, inch. The 
stirrer is supported by means of a 13-mm. rod, 20 cm. 
long, threaded into the side of the housing. The 
opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in elec- 
trolytic work or for grounding the motor housing. 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
a step-down transformer to permit operation on 230 
volts 50 or 60 cycles A.C. Each $59.75 


5230. ELECTRIC STIRRER, Sparkless. 

Complete with 6-foot connecting cord, line switch 
and plug. For operation on 50 or 60 cycles, 115 volts 
A.C. Each $47.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
————_ESTABLISHED 1880—————— 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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SEMIMICRO QUALITATIVE ORGANIC ANALYSIS —The 
Systematic Identification of Organic Compounds 


Second edition, completely rewritten, reorganized 
and expanded. 


By NICHOLAS D. CHERONIS, Professor of Chem- 
istry, Brooklyn College, Brooklyn, N.Y., and JOHN 
B. ENTRIKIN, Professor of Chemistry, Centenary 
College of Louisiana, Shreveport, La. 


The additions, revisions, and reorganization of this book 
have increased its usefulness both to students and experi- 
enced workers. It can be used with the ordinary equip- 
ment available in all colleges and organic laboratories. In 
addition, it includes techniques for small-scale work (semi- 
micro and, in some cases, micro). The Tables of Com- 
pounds and Derivatives have been greatly revised and 
expanded. The number of exercises and problems, as well 
as bibliographical references, have been greatly increased. 


1957. 788 pages. Textbook Edition: $7.00 
Regular Edition: $9.00 


MOLECULES AND CRYSTALS 
IN INORGANIC CHEMISTRY 


Second edition. 
By A. E. VAN ARKEL, Professor of Inorganic Chem- 
istry, University of Leiden, Leiden, Holland. 


This short, lucid book gives a wide insight into inorganic 
chemistry by means of a thorough study of the heteropolar 
bond and the correlation of structure and properties which 
can be derived from it. The second edition incorporates 
considerable changes in many chapters, and will more 
completely cover the whole field of inorganic chemistry. 


279 pages, 54 illus. $4.75 


TEXTBOOK OF POLYMER CHEMISTRY 


By FRED W. BILLMEYER, Jr., E. I. du Pont de 
Nemours & Company, Wilmington, Delaware. 


This is the first textbook giving complete coverage of 
the physical chemistry as well as the organic chemistry of 
polymers. It covers the preparation and properties of 
plastics, fibers and elastomers, and is up to date through 
the major advances made in 1956. 


1957. 526 pages, 185 illus., 49 tables. $10.50 


AN INTRODUCTION T0 
MODERN ORGANIC ANALYSIS 


By SYDNEY SIGGIA and HANS J. STOLTEN, 
Central Research Laboratory, General Aniline and 
Film Corporation, Easton, Pa. , 


This book is the outgrowth of a series of lectures, deliv- 
ered by the senior author, with great acclaim, to a number 
of academic and industrial organizations. It can be used 
as a textbook. Chemical and instrumental approaches are 
surveyed, and the basic principles of each approach, the 
type of information yielded, and the use of this informa- 
tion are discussed. Testing experiments are given, with 
the full operating details where possible. There are also 
problems, with numerical answers where appropriate. 


1956. 258 pages, 71 illus., 8 tables. $4.50 


the Literature and Prepare a Report. 


Fourth edition, completely rewritten and enlarged. 
By KENNETH A. KOBE, Department of Chemical 
Engineering, Unive. sity of Texas, Austin, Texas. 


This book is the outgrowth of a course given since 1942 
at the University of Texas by a noted teacher of chemical 
engineering. Its use, in mimeographed form, has spread 
since then to a number of other schools of Chemical Engi- 
neering. Now revised, in the light of this very consider- 
able teaching experience, the book tells the young engineer, 
starting his professional career, how to present a report to 
his superiors in a form which conveys an impression of 
professional competence. 
1957. 183 pages, 4 illus. 


RECENT ADVANCES IN SCIENCE 
Physics and Applied Mathematics 


Edited by MORRIS H. SHAMOS, Associate Professor 
of Physics, and GEORGE M. MURPHY, Professor of 
Chemistry, New York University, New York, N. Y. 


This book is a product of the First Symposium on Recent 
Advances in Science, held at New York University during 
the Spring of 1954. The subjects discussed range from 
applied mathematics, atomic structure and elementary par- 
ticles through operations research to ferromagnetism and 
cryogenics. (Published jointly with New York University 
Press.) 

1956. 396 pages, 170 illus., 23 tables. $7.50 
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Recent Gookes 


Texts in Chemistry For this reason, the text should delight oe 
the teacher of a classical descriptive in- 
organic beginning course who feels com- ee 
pelled, for one reason or another, to steer 
his way cautiously toward a more theo- we 
retical and less descriptive presentation. 
The F undamentals of Because this author steadfastly refuses a 
° to be seduced by the utterly simple and 
College Chemistry direct approach of the atomic mass unit S 
oe (amu), the student must struggle with 
Second Edition relative atomic weights. In general we 
A . nfronted with a classical treatment 
G. Brooks King, The State College of Washington pris A 
“Hy: g college chemistry which has 
Willless ©. Caldwell, Osagen State Collage been revised conscientiously in favor of a 
Presenting basic facts and principles clearly more modern approach by a very capable a 
and simply, this text can be mastered with a author who, seemingly, does not quite 
minimum of guidance from the instructor. 
; As used in this book, the term ‘‘mole’ 
is synonymous with ‘gram-molecular- 
weight.”’ The fact that there are Avo- 
* * gadro’s number of molecules in a mole of 
Laboratory Experiments in General any substance is emphasized. When it 
hemistry comes to solutions of electrolytes, however, 
the problem of expressing ion concentra- i 
G. Brooks King, The State College of Washington tions in consistent units is neatly solved GLA 
William E. Caldwell, Oregon State College by ignoring it completely. Some teach- 
ers who struggled valiantly to get their BY 
Planned to accompany The Fundamentals of students to write down units along with 
College Chemistry, Second Edition, this manual numbers are going to be a little unhappy Jj CH 
be easily adapted to use with other texts “they Abo 
may casny P centration of the hydronium and acetate 
ions is 0.1 X 0.0132, and that of the un- 
dissociated molecules of acetic acid, 
3 0.1 X 0.9868.’ The treatment of ionic 
A Brief Course equilibrium would hardly be sufficient for For : 
a course which includes qualitative an- 
work. . 
William E. Caldwell, Oregon State College The students’ introduction to acids and pi 
G. Brooks King, The State College of Washington bases is complicated unnecessarily by the | 
exclusive use of the Bronsted definitions wine 
Both principles and techniques are covered in — Lewis 
is not even mentioned. Th 
this manual, which was planned primarily for Both the valence-change and_ion- e 
use in general chemistry courses. electron methods for balancing oxidation to ¢ 
equations are discussed. The instruc- bett 
tions for the latter will be considered in- subj 
sufficient by some instructors because the Mar 
student is never told how to complete a — 
Organic Chemistry Second Edition half-reaction by the appropriate addition 1 
of water molecules and hydronium or can 
Howard J. Lucas, The California Institute of Technology hydroxylions. Students will like the con- ' 
: ; sistent use of e~ for electrons in the half- 
To meet the problems connected with an ever-expanding seastions. silts 
field, this text concentrates on fundamental principles and Most of the equations in the book are at, 
helps the student understand general relationships of written in the molecular form even for 
organic compounds. reactions between ions in solution. Tonic as 
equations are usually reserved for oxida- | 
tion-reduction processes. 
Modern inorganic nomenclature is com- . 
letely ignored and the reader is pro- 
fate hexahydrate.”’ 
Otto F. Steinbach, Queens College There is no discussion of atomic orbitals 5. 
Cecil V. King, New York University or subshells of electrons so the develop- 
ment of electron configurations and the 
Meeting the practical requirements of the periodic table is quite arbitrary with the 
laboratory, this manual fills the varying needs student being left to wonder just why 
of students preparing for different careers shells of 2, 8, 18, and 32 electrons should 
8 " be stable. On the other hand, chemical 
bonding is presented quite adequately and 
there are some very good electron-dot 
diagrams in several of the chapters. 
55 Fifth Avenue, New York 3, New York There is a modest assortment of ex- 
A ° cellent photographs and fair drawings. 
merican Book Com pany The format and general appearance show 
(Continued on page A126) W 
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solved GLADLY SENT TO TEACHERS FOR CONSIDERATION AS A TEXT. 
teach- 
it, | BY CARL R. NOLLER, PROFESSOR OF 
happy CHEMISTRY, STANFORD UNIVERSITY. This i sa 
About 1008 pages, 6" x 9%", Illustrated. 
cetate 
he un- NEW (2nd) Edition—READY AUGUST, 1957 BR AND NEW 
acid, 
ionic 
nt for For a basic organic course—intended to be intensive—this text is superb. E DI TI O IN 
fe an- It contains a truly comprehensive and detailed treatment of the subject— 
ratory ideal for students majoring in chemistry or allied sciences. Current con- (2 N. D) 
ceptions of mechanisms are explained and emphasized. The New (2nd) 
i Edition includes more advanced discussions of organic reactions—thorough 
ties material on the historical and economic importance of compounds— 
Lewis emphasis on topics of timely interest. Completely 
sais The generous amount of material gives the instructor greater opportunity Revised and 
lation to change his assignments and adapt the text to various needs. The 
strue- better and quicker students have accessible as much information about the U p-to-dat e 
ed in- subject as they can handle. 
se th 
et ‘ : Many changes have been made in this New (2nd) Edition: 
— 1. Mechanisms of Organic Reactions is integrated from the very beginning 
apron of the book, thus enabling processes such as the cracking and isomeri- : 
ale. zation of alkanes to be explained earlier in the course. e@ NEW ORGANIZATION 
uk 2. The increasing attention given to the absorption of electromagnetic APT 
: pa radiation is recognized by devoting an entire chapter to this subject. e NEW CH ERS 
— 3. A greater number and wider variety of problems are provided—ar- e NEW PROBLEMS 
— ranged so that 4 or 5 years of assignments can be scheduled without é 
com- NEW REACTIONS 
on 4. All old material is brought up to date and obsolete information de- 
) sul- leted. e NEW DRUGS 
vitals A few of the new topics include: use of dinitropheny] fluoride for de- 
elop- termining structure of insulin; the anhydro sugars; behavior of small e NEW COMMERCIAL 
| the PROCESSES 
 - ring compounds; new commercial processes and products. 
NEW MECHANISMS 
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Laubengayer: 


New revised edition of 
the text that has proved 
“one of the best founda- 
tions for further work in 
chemistry.” 


of S superb terte for basic 
college coundes in chemictry 


General Chemistry 


Over 100 new illustrations, including many striking 
3-dimensional drawings, and an earlier treatment of 
atomic structure and chemical bonding are among the 
important features of the new edition of a text lavishly 
praised by teachers throughout the country: “One of 
the few texts I rate excellent.” “Written by a really fine 
chemist.” “Excellent selection and arrangement of 
topics.” “Presentation of bonding and valence especially 
good..emphasis on thinking in terms of moles, ex- 
cellent.” ‘Exercises make sense.” ‘Clear, concise and 
of near ideal length for 1st year course.” April 


Cragg & Graham: 
AN INTRODUCTION TO THE 


Principles Chemistry 


Called “a service to 
chemical education.” 
Especially excellent 
preparation for today’s 
chemical engineering 
and research. 


“A magnificent illustration of how good a textbook can 
be. Cragg and Graham have not hesitated to give their 
book the maturity of treatment which modern chemistry 
deserves. A rare and exciting book.”—The Octagon. 
“Should be exciting for students and teachers alike. This 
most unusual text should make teaching easier for those 
who believe the student has a mind for stimulation.”— 
The Chemical Bulletin. $6.50 


Graham & Cragg: 
The Essentials of 


Chemistry 


A high standard 
“classical” chemistry 
distinguished by its ex- 
ceptionally fresh, in- 
teresting presentation. 


In press 


Freshness of presentation “‘captures and holds the atten- 
tion of the reader while maintaining rigor’ writes an 
enthusiastic advance reviewer of this more elementary 
text by the authors of the “‘Principles” text above. Not- 
able are the 1270 problems and exercises, emphasizing 
quantitative aspects of chemistry; the 92 striking photo- 
graphs and 125 diagrams, most of the latter in perspec- 
tive; the up-to-the-minute and reliable material on nuclear 
reactions, fission, etc. and on industrial developments. 


A126 


Let us send you examination copies. Write to: 


Rinchart & Company, Due. 232 MADISON AVE., NEW YORK 16 
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neither the bleak austerity of some of the 
current crop, nor the opulence lavished on 
others. Sections within chapters are num- 
bered (a great convenience), and the supp!y 
of exercises and reading assignments 
seems adequate though shopworn. While 
chapters have been rearranged and cor- 
bined and sections deleted or rewritten, 
friends of the previous editions will }e 
disappointed to see mostly the same old 
exercises. The book appears to this ie- 
viewer to be highly readable, an indis- 
pensable quality in any textbook for the 
beginning course. The appendix incluces 
a table of 4-place logarithms, solubility 
products, solubilities of salts, vapor pres- 
sures of water, metric units, and a review 
of arithmetic. 


JACK W. EICHINGER, JR. 
Fioripa State UNIVERSITY 
TALLAHASSEE, FLORIDA 


INTRODUCTORY CHEMISTRY 


Otto W. Nitz, Associate Professor of 
Chemistry, Stout State College, Wiscon- 
sin. D. Van Nostrand Company, Inc., 
Princeton, 1956. viii + 520 pp. 15 
tables. 15 X 23cm. $5.75. 


AccorpInG to Jules Verne, Captain 
Nemo in the year 1866 sailed his Nautilus 
twenty thousand leagues under the sea. 
He used sodium to make it go. On page 
324 of the volume being reviewed, we 
learn that today’s Nautilus also uses so- 
dium though not as a source of energy; but 
the author makes no mention of the fic- 
tional prototype. He does make use of a 
great many practical applications to 
arouse interest, especially in the last 
quarter of his text which follows the chap- 
ter on organic chemistry. Unfortunately, 
few of the students taking chemistry for 
“cultural”? purposes have developed an 
absorbing interest in technology so that 
other devices should be employed if a di- 
rect interest in the study of chemistry is 
to be developed. 

Stripped of vagueness and ambiguity, 
the idea that liberal arts students can 
study chemistry with profit means that 
chemistry has an intellectual content. 
That is to say, it typifies one of the ex- 
tremely successful ways that civilized man 
has used to cope with his environment. 
Basically, this power has come from under- 
standing which makes possible prediction 
and control. Long-lasting lacquers and 
soapless soaps have come along with this 
understanding, but from the point of view 
of the teacher the understanding of chem- 
istry is the important thing. This means 
that in a textbook for the general student 
an interest in the subject must firs: be 
aroused, and then the outlines of the sub- 
ject must be presented as vividly and as 
clearly as possible. The clearest presen- 
tation is one that sets before the re«der 
the relationship of one part of the su!)ject 
to another so that he is able to see how 
the members of the framework are lin xed. 

In the present book the relation: 1ips 
are all there of course, but only by impli- 
cation. For example, on pages |%!-2 


(Continued on page A128) 


JOURNAL OF CHEMICAL EDUCATION 


VOLU 


| 
| 
| 
5 
De 
age 
| 
{ 
Be 
: 
{ 4 
j 
| 
| 
| 
| 
| 
| 
4 
OS 
P 


f the 

ed on 

nuln- 

upp'y 

nents 

While 

cor- 

itten, 

ll be q 
Coming Spring 1957 
indis- 

r the 

ludes 

bility 

pres- 

view 


By Paul Delahay 


Boyd Professor of Chemistry, Louisiana State University 
ptain | i» A new and comprehensive text for courses 
in instrumental analysis and physico-chemical methods. 
page i  — It covers three major groups of instrumental techniques: 
, we _ ‘2 (1) electrochemical (the author received an award from 
apie | ; the American Chemical Society for his fundamental 
e fic- 7 contributions in electrochemical methods), (2) spectro- 
of 8 Soe scopic, and (3) such miscellaneous techniques as X-rays, 

mn : ee mass spectrometry and radioactivity. Included are 
shap- & : ae more than 50 experiments in 23 groups, with suggestions 
ae, aa = — for over 20 other experiments. At the end of each 
; : As chapter are excellent graded problems, a detailed 

that > Meee bibliography and literature surveys. Chemistry 

wf oe professors, who have read the manuscript, are 

oe enthusiastic about the book’s emphasis on fundamental 
uity, os wy principles rather than application to analysis or 

an oo to specific equipment. Written on a more mature 

tent. Bl — level than existing texts, INSTRUMENTAL ANALYSIS 


e eX- : is suitable for both graduate and undergraduate courses. 
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and successfully met by 
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silica) produced to the high- 
est standards of quality. 


Chemical purity, high re- 
sistance to heat shock, un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cost com- 
to platinum are some 

eatures of Vitreosil fused 
quartz. 
In addition to our unusually 
large stock of transparent 
and opaque, including 
glazed and unglazed cruci- 
bles, evaporating dishes, 
beakers, tubing and rods in 
all diameters and sizes, we 
offer prompt fabrication of 
special items. 

Write today, giving 

full details of your re- 


quirements or ask for 
illustrated bulletin. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
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there is an excellent explanation of pH. 
However, the relationship to Arrhenius 
theory is not given even though the chap- 
ter begins with a description of classical 
ionization theory. To be useful to the 
student who will study no more chemistry, 
his textbook should also help him to see 
links between pH and: the periodic 
system, the atomic theory, the kinetic 
molecular theory, and the electron the- 
ory 


BENTLEY EDWARDS 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


LABORATORY EXPERIMENTS IN 
GENERAL CHEMISTRY 


G. Brooks King, Professor of Chemistry, 
State College of Washington, and William 
E. Caldwell, Professor of Chemistry 
and Chemical Engineering, Oregon State 
College. American Book Company, New 
York, 1956. ix + 324 pp. 48 figs. 
21 X 27.5 cm. Paper bound. $3.25. 


THE manual consists of 65 experiments 
arranged to accompany the authors’ 
text, “The Fundamentals of College 
Chemistry’; however, the experiments 
are of such nature as to allow a marked 
degree of flexibility in the choice of 
order and number. Most can be com- 
pleted in from two to three hours. A 
reasonable number are quantitative in 
nature. A brief treatment of qualitative 
analysis is included in the last eight ex- 
periments and these could be incorpo- 
rated into the regular sequence of experi- 
ments. 

The reviewer was somewhat disap- 
pointed in the brief and inadequate dis- 
cussion of the use of the balance and in 
the tendency for the laboratory manual to 
follow the ‘work book format”’ so common 
to a great majority of the manuals cur- 
rently being published. 

Included in the appendix are helpful 
tables on common properties of the ele- 
ments, valences, solubility rules, activity 
series, and equipment and chemical lists 
required for the experiments. 


THOMAS C. VAN OSDALL 


Santa ANA COLLEGE 
Santa ANA, CALIFORNIA 


WORKBOOK AND EXPERIMENTS 
FOR COLLEGE CHEMISTRY 


David P. Marble, Assistant Professor of 
Chemistry, Wisconsin State College. Bur- 
gess Publishing Co., Minneapolis, 1956. 
vi + 116 pp. 21 X 27.5 cm. Paper 
bound. $3.50. 


Tuts laboratory manual consists of 33 
experiments divided into 5 units of work: 
(1) Introduction to Chemistry, (2) Chemi- 
cal Notation, (3) Gases, (4) Water and 
Solutions, and (5) Classification of Ele- 
ments and Compounds. Following each 
of the experiments is a list of exercises, a 
review of pertinent basic concepts, and 


Theory... 

Practice... 
Problems .. 


W. J. Blaedel 
V. W. Meloche 


University of Wisconsin 


ELEMENTARY 


QUANTITATIVE 


ANALYSIS: 


Theory and 
Practice 


[with Supplement] 


130 
Experiments............ 29 
Illustrative examples... .. 209 


Questions and problems. . 1543 
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typical problems. As a preface to the 
experiments, five lessons review the use 
of the slide rule and the fundamental 
mathematical concepts necessary to the 
work in general chemistry. 

As the author states, the experiments 
are presented in a direct, simple, and com- 
prehensible manner so that no student 
should find it necessary to spend a great 
amount of time puzzling over the mean- 
ing of the instructions. Unfortunately, 
there is little to excite the interest of a 
better than average student. Probably a 
first-class student will find himself re- 
peating activities already performed in a 
good high-school chemistry course. 


THOMAS C. VAN OSDALL 
Santa ANA COLLEGE 
Santa ANA, CALIFORNIA 


TECHNIQUE OF ORGANIC CHEMISTRY. 
VOLUME II: CATALYTIC, PHOTO- 
CHEMICAL, AND ELECTROLYTIC RE- 
ACTIONS 


Edited by Arnold Weissberger, Research 
Laboratories, Eastman Kodak Company, 
Rochester, New York. Second edition. 
Interscience Publishers, Inc., New York, 
1956. ix + 543 pp. 87 figs. 79 
tables. 16 X 23.5cm. $11.50. 


“TecHNIQUE of Organic Chemistry’’ 
is a series of volumes designed to keep 
the organic chemist abreast of modern 
developments in technique, methods, 
approaches, facilities, and interpreta- 
tions. Nine volumes have already been 
published, and further volumes are con- 
templated as developments make — it 
desirable and authors of adequate quali- 
fications are available. The series as a 
whole is aimed at a consistent presenta- 
tion of the field, but each volume is a 
self-contained unit, and is revised and 
brought up to date whenever the devel- 
opment in the particular field makes it 
necessary. Volume II, as well as Volumes 
I, III, and V, will be available in second 
editions by the end of 1956. Catalytic, 
photochemical, and electrochemical reac- 
tions, more than many other branches of 
preparative organic chemistry, require 
special apparatus and techniques. The 
substantial advances that have been made 
since the first edition appeared in 1948 
are reflected in this greatly expanded 
second edition which includes, as com- 
pletely new material, a long section 
giving detailed procedures for catalytic 
reactions and tables of more than 500 
electrolytic reactions, showing reactants, 
products, yields, and literature references. 
The comprehensiveness of this volume is 
attested by the more than 1530 specific 
references and 48 general references which 
are included. 

Catalytic, photochemical, and electro- 
lytic reactions have been used for a long 
time in preparative organic chemistry 
but have not found as wide an application 
as they might deserve. Apparatus for 
electrochemical work, though very simple, 
18 available in relatively few organic 
laboratories. Photochemical reactions 
are employed in the organic laboratory 
i a rather haphazard way. It is be- 
lieved that the three chapters will dem- 

(Continued on page A130) * 
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This furnace has been designed for general 
laboratory requirements such as drying of pre- 
cipitates, ash determinations, fusions, ignitions, 
heating metals and alloys, enameling, heat treat- 
ing, and experimental test work. 

The efficient Hevi Duty Muffle Furnace shown 
is housed in a cylindrical shell mounted on a pyr- 
amidal type base with practicaly line contact be- 
tween them . . . allowing for free circulation of air 
and eliminating trapped heat in the base. Avail- 
able in four standard sizes. 


For complete details, construction, and speci- 
fications, see your Laboratory Supply Dealer, or 
write for Bulletin LAB-849. 
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temperature . . . 
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easily replaceable 
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Tap-Changing 
Transformer allows 
maximum flexibility 
of control, 


Controls are 
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safety ond at 
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proper vision. 
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removable for 
access to terminal 
board. Release of 
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control assembly 
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SPEEDY 


Cuts analysis time to minutes 


even for 


THE KROMO-TOG®? 


Model K=-2 


Chromatography 
At Its Best! 


“For Scientists Everywhere” 


Gas and Vapor Phase 


Burrell Kromo-Togs are complete and versatile 
instruments for the quick and accurate analysis 
by elution of most gases and volatilized liquids. 
Model K-2 (pictured) accommodates two 
separate columns for maximum flexibility and 
operating economy in plant or laboratory. 
Features include the finest detector cell avail- 


able, variable column temperature control and 
other exclusive developments of Burrell labora- 


FLEXIBLE 


tories. @ Trademark 
BURRELL KROMO-TOG, MODEL K-2 


Designed for ease of operation 
in or p trol 


Scientific Instruments and Laboratory Supplies 


Other Models from $695. up 
Register your name for BURRELL bulletins on modern chromatography 


BURRELL CORPORATION 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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onstrate their merits and versatility and 
encourage their use. The section of 
Catalytic Reactions offers extensive si.g- 
gestions, directions, and theoretical back- 
ground on hydrogenation, hydrogenoly.is, 
dehydrogenation, oxidation, hydrativn, 
dehydration, isomerization, polymeri:a- 
tion, alkylation, dealkylation, and ion 
exchangers. Few, if any, compara)yle 
volumes have been released that contain 
such a vast storehouse of. useful, critical, 
and comprehensive information as this 
series. The second revised edition of 
Volume II is an outstanding and extremely 
valuable and improved member of this 
unique compendium. Organic chemists 
will find the purchase of any or all volumes 
of the series to be an investment, resulting 
in substantial savings in time, chemicals, 
equipment, and results of organic syn- 
thetic work. 

Perhaps perfection in such a compre- 
hensive project is expecting the impossible, 
but it is interesting to note that certain 
research material, recently published 
by the reviewer, and cited in reference 
number 287 on page 165 is quite mis- 
leading and inaccurate. However, the 
“batting average’ in this latest Volume 
II of a very important series is very im- 
pressive. This volume is highly ree- 
ommended to all organic laboratory 
workers who seek to locate new or im- 
prove old techniques or desire a com- 
prehensive treatment of the several topics 
included. 


RALPH E. DUNBAR 
Nortu Daxora State 
Faroo, Nortu Dakota 


REAMUR’S MEMOIRS ON STEEL AND 
IRON 


Translated from the original, printed in 
1722, by Anneliese Grunhaldt Sisco, 
Editor of Iron Research Monographs. Intro- 
duction and Notes by Cyril Stanley Smith, 
Director of the Institute for the Study of 
Metals, University of Chicago. The Uni- 
versity of Chicago Press, 1956. xxxiv + 
395 pp. 17plates. 16 XK 24cm. $6. 


Tue book is divided into two principal 
parts: The first, “The art of converting 
wrought iron into steel,’’ is made up of 
12 memoirs or chapters dealing with 
various aspects of steelmaking. The 
second part, “The art of making cast 
iron malleable or the art of producing 
cast-iron work with the finish of wrought 
iron,” consists of 6 memoirs on the sof- 
tening of cast iron. The introdrction 
deals with Reamur’s life and work and 
with his position in the history of science. 

In contrast to the earlier ext nsive 
books on metallurgy, this treatment 1s 
not purely pragmatic but is fairly modern 
in its attempt to weld together ‘eory 
and practice. Furthermore, the previous 
works had dealt primarily with noni: rrous 
metals. Consequently, Reamur initiated 
here a new chapter in the technology of 
metals; he was a scientist rather t)..n an 
artisan or a pure practitioner. The 
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works he established for making steel 
failed miserably, largely because he 
lacked managerial talent. On the other 
hand, his malleablizing process proved 
profitable. His were among the earliest 
attempts to depict the structure of metal. 
The translation reads smoothly and 
the notes are valuable additions to the 
text, which, except for a single chapter 
on the hardening of steel (published in 
1771), has not heretofore been available 
in English. The funds for the publication 
were provided by The American Iron and 
Steel Institute, and the volume is rec- 
ommended to all who are interested in the 
history of this province of metallurgy. 


RALPH E. OESPER 
University or CINCINNATI 
Cincinnati, OnIO 


THE CHEMISTRY OF HIGH POLYMER 
DEGRADATION PROCESSES 


Norman Grassie, Lecturer in Macro- 
molecular Chemistry, University of Glas- 
gow. Interscience Publishers, Inc., 1956. 
xv + 335 pp. 96 figs. 33 tables. 
15 X 22cm. $6.50. 


Tuis book will be of greatest value to 
polymer chemists; however, the clear 
style of writing should make it readily 
understood by any chemist interested in 
degradation reactions. The field of poly- 
mer degradations has received increasing 
attention in recent years and the author 
has done an excellent job of assembling 


much of this information in a readily 
usable form. 

The author classified polymer degra- 
dation reactions as reactions caused by 
physical and chemical agents which may 
or may not result in chain scission. Ac- 
ceptance of this extremely broad defini- 
tion permits almost any reaction of a 
polymer to be classified as degradation. 
Thus the conception of sulfur vulcaniza- 
tion of rubber, acid catalyzed cyclization 
of rubber, etc., as degradation reactions 
will surprise many readers. Under these 
circumstances, the chlorination of rubber 
and polyethylene, sulfonation of poly- 
styrene, and a host of other polymer 
modifications might also have been in- 
cluded. This lack of a clear limit to the 
scope of the book does not detract from 
the effective treatment given to pyrolysis 
and depolymerization of several vinyl 
polymers in Chapter 2, and to the hydrol- 
ysis of cellulose in Chapter 3. 

A fairly detailed discussion of the 
oxidation of monomeric model com- 
pounds provides background for the 
description of polymer oxidations and 
ozonization discussed in Chapters 4 and 
5. 

As indicated by the title, the book is 
concerned with kinetics, mechanism and 
description of various types of degrada- 
tive reactions. The related topic, the 
effect of degradation on mechanical and 
physical properties of polymers, is not 
discussed. 

The author has provided excellent 
lists of references with each chapter. 

(Continued on page A133) 
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Filter Bell (with redesigned SLIDE VALVE) 


FOR 
CONVENIENCE 
IN FILTRATIONS 


Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate . . . Any funnel 
or receiving vessel may be 

. Redesigned Slide 
permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 
Minimum Inside Dimensions: Diam. ag MM; Ht 
at side 120 MM; Ht at center 150 MM 
Catalog No. 35070............ 10.75 ea. 
Write for NYLABS’ complete Cat. No. 7 on company 
lett-rhead. 
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6 Varick Street, New York 13,.N 
Telephone: CAnai 6-6504 


are NEW —you will find 
them all OUTSTANDING 
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\ CW 


FEATURES of the book: 


¢ Combines and integrates general chemistry 
and qualitative analysis 


© Gives the qualitative scheme of analysis in 
Part IV 
Thioacetamide for sulfide precipitations 
Semimicro 


¢ Emphasizes and uses concepts of atomic and 
molecular structure and chemical bonding 


Introduction to 
Organic Chemistry 


L. F. Fieser and M. Fieser 


This text is new in conception and execution. 
Part I contains the theoretical and factual ma- 
terial for a year’s course. Part I, “‘ Applications 
to Research,”’ is a wholly new feature. Each of 
the 24 sections discusses the research leading to 
our knowledge of some specific process, com- 
pound, or group of compounds. 


Hopkins and Bailar 
GENERAL CHEMISTRY FOR COLLEGES, 
Fifth Edition 711 p. $6.75 


Daggett and Meldrum 
QUANTITATIVE ANALYSIS 480 p. $5.50 


L. F. Fieser and M. Fieser 

ORGANIC CHEMISTRY, Third Edition 
1117 p. $9.00 

L. F. Fieser 

EXPERIMENTS IN ORGANIC CHEMIS- 

TRY, Third Edition 364 p. $5.50 


Let us tell you more about these texts! 


D. C. HEATH AND COMPANY - 


SALES OFFICES: 
CHICAGO 16 SAN FRANCISCO 5 
HOME OFFICE: BOSTON 16 


ENGLEWOOD, N. J. 
ATLANTA 3 DALLAS 1 


JOURNAL OF CHEMICAL EDUCATION 
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This book represents a valuable and 
timely contribution to the chemical 
literature. 


M. A. NAYLOR 
E. Il. pv Pont pe Nemours & Co. 
DELAWARE 


UNIT OPERATIONS OF CHEMICAL 
ENGINEERING 


W. L. McCabe, Administrative Dean, 
Polytechnic Institute of Brooklyn, and 
J. L. Smith, Professor of Chemical Engi- 
neering, Cornell University. McGraw- 
Hill Book Co., Inc., New York, 1956. 
ix + 945 pp. 497 figs. 16 X 23.5 cm. 
$10.50. 


In LATE 1955 appeared “Introduction 
to Chemical Engineering’ by W. L. 
Badger and J. T. Banchero. The secret 
was out. The writing team of Badger 
and McCabe that had produced the 
highly successful “Elements of Chemical 
Engineering’? had gone their separate 
ways, each had selected a new co-author, 
and two new books would appear to re- 
place the 1936 edition of ‘Elements.’’ 
There was no doubt that Badger and 
Banchero had done a_ successful job 
[J. Cuem. Epvuc., 33, 98 (1956)]. How 
would McCabe and Smith compare with 
this? 


A comparison of the tables of contents 
of “Elements of Chemical Engineering,”’ 
“Introduction to Chemical Engineering,”’ 
and “Unit Operations of Chemical Engi- 
neering’’ shows essentially the same 16 
chapters in each. McCabe and Smith 
have moved four chapters on minor unit 
operations of size reduction, handling of 
solids, mixing, and mechanical separations 
from the rear of the book to a place be- 
tween fluid mechanics and flow of heat. 
The material on filtration now is included 
in mechanical separations. A general 
chapter on mass transfer precedes the 
chapters on absorption, distillation, leach- 
ing and extraction, and other mass 
transfer operations. 

If the tables of contents show the same 
chapters, how do the two books differ? 
Figures show ‘Introduction’? has 753 
pages and 419 illustrations; ‘Unit Op- 
erations’’ has 945 pages and 497 illustra- 
tions. It is not sufficient to say there are 
about 200 additional pages. The view- 
point of McCabe and Smith is definitely 
at a higher level than Badger and Ban- 
chero. “Unit Operations’’ has a chapter 
on Fluid Mechanics rather than Flow of 
Fluids, and the viewpoint is now more 
comprehensive and includes flow of com- 
pressible fluids. In Flow of Heat, 
“Unit: Operations’ not only gives more 
material on conduction and convection 
but also discusses unsteady state heat 
flow and gives much more material on 
radiation. As we might expect, in Dis- 
tillation much more emphasis is placed 
on the McCabe-Thiele diagram, though 


the Ponchon method is discussed ade- 
quately. 

Each book has its separate field of 
greatest usefulness. Badger and Ban- 
chero undoubtedly will be used in unit 
operations courses given in the junior 
year. McCabe and Smith will be used 
in senior level courses or three semester 
courses. The larger amount of material, 
particularly equations for special sets 
of conditions, will be useful reference 
material which the student can find 
easily and grasp its significance and 
limitations from the other material which 
he has studied. 

Because the McGraw-Hill Series in 
Chemical Engineering has an Editorial 
Advisory Committee, there should be 
some action taken on nomenclature. 
McCabe and Smith have obviously tried 
to make some symbols different from 
Badger and Banchero, possibly for the 
sake of being different. The use of i 
for enthalpy is European practice and is 
also used in humidification calculations, 
but it is different from the h used in dis- 
tillation calculations in other textbooks. 
Students are going to use several of the 
books concurrently, either as texts or 
references. Why cannot the Editorial 
Advisory Committee consider this prob- 
lem and exert some influence over authors 
who want to be different in matters of 
nomenclature? 

The $10.50 paid for McCabe and Smith 
compared to the $9.50 for Badger and 
Banchero is an extra dollar well spent. 

(Continued on page A135) 
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MONOCHROMAT 


ULTRAVIOLET REGION — betw 
UV-VISIBLE REGION 
VISIBLE REGION 
INFRARED REGION 
INFRARED REGION 


For Monochromatic Ilumination at 

Any Chosen Wavelength in the: 

een 220 and 440 millimicrons 
— between 220 and 650 millimicrons — 
_ between 400 and 700 millimicrons i 
— between 700 and 1400 
— between 700 and 2800 millimicrons 


Lx 


Farrand Grating Monochromators are small, com- 
pact and convenient to use with microscopes, col- 
orimeters, photometers, and similar instruments and 
can be set up with auxiliary equipment for making 
transmission, absorption, emission, radiation, re- 
flection, fluorescence and phosphorescence measure- 


ments or used for irradiation purposes. 


The dispersing elements in the Farrand Mono- 


Hopkins University, 


Engineering 
Research * Development 
Design * Manufacture 


FOCI 


TRADE MARK 


Electronic and 
Scientific Instruments 
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chromators are reflection type replica gratings (14,- 
400 lines per inch)' made from master gratings of 
highest efficiency and resolution. The masters are 
produced in our own plant on the Farrand-Strong 
Ruling Engine which we manufacture in accord- 
ance with the design of Dr. John Strong of Johns 


Bulletin No. 811R upon request. 


, New York 70, N.Y. 
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For digestions, extractions, 
and other reactions requiring 
close temperature control. 


Interchangeable heat-transfer 
blocks mountable on a single 
heating base: hot plate, 
tube heater, liquid bath... 
sold individually or in 
combination. 


Constant temperature control 


1°C. 

Variable from ambient to 

300°C. 3 
mam 


SEND FOR FREE CATALOG 2125-J 


RESEARCH SPECIALTIES CO. 
2005 Hopkins St. Berkeley 7, Calif. 


Brow 


INVERTED. 


Developed by Dr. J. B. Brown, Director of the Institute of Nutrition 
and Food Technology and Professor of Physiological: Chemistry of the 
Ohio State University in the course of his work on fatty acids.'? 

Inverted suction filtration is particularly useful in the separation of fatty 
acids and similar compounds by means of low temperature crystalliza- 
tion. The technique can be adapted to many other procedures in or- 
ganic chemistry. 

In use a funnel with filter paper attached is | d as illustrated 
above into a beaker containing precipitate and liquid. The supernatant 
liquid is removed by suction, leaving the precipitate to be washed and 
collected. The technique is fully described in the references cited and in 
the descriptive bulletin which is available upon request. 

(1) J. B. Brown and Doris K. Kolb, appli of Low T. in the Seporati, 


(2) J. B. Brown, Fractional Solvent Crystallization, Journal of the American Oil Chemists Society, Nov. 
1955 Vol. XXX No. 11 pp 646-652. 


Length 
tock 


140mm 110mm 8mm 6.50 
4 142mm W5mm 5mm 220mm 160mm 10mm 14.00 


GOLDEN, COLORADO 


‘the book it an excellent one, satis- 


says LINUS PAULING 
California Institute of Technology 


OF 
THE 


ELEMENTS 


Mary Elvira Weeks, with a chap- 
ter on ‘Elements Discovered by 
Atomic Bombardment” by 
Henry M. Leicester. 


“T am sure that every chemist would find it inter- 
esting to read at least parts of the sixth edition, re- 
vised and enlarged, of the book, Discovery of the 
Elements. The book has been brought up to date; 
it contains a discussion of 101 elements, including 
mendelevium. The section on elements known to 
the ancient world has been greatly enlarged, and a 
more detailed discussion is given of elements dis- 
covered during the seventeenth and eighteenth 
centuries than in earlier editions. 


“T have thought of this book as being of especial 
value to the young student of chemistry, in provid- 
ing for him an account of those aspects of the his- 
tory of the chemistry that he can easily appreciate 
and understand, and that are likely to develop his 
interest in science. With over 900 pages, it is 
nearly twice as large as the fourth edition (1939), 
and the various chapters, which may be looked 
upon as nearly independent essays, are in general 

ut twice as long as in the earlier editions. 


“The book is an excellent one, satisfying the 
real need for an account of the history of the dis- 
covery of the elements and of related aspects 0 
the history of chemistry.” 


Sixth Edition, enlarged and revised. 
1956. xi + 910 pp. 16.5 X 24cm. $10.00 


CHEMICAL EDUCATION PUBLISHING C0. 


20th and Northampton Streets, Easton, Pa 


JOURNAL OF CHEMICAL EDUCATION 
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Recent. Gooks 


It buys 200 additional pages of text 
containing 80 figures, and all is at a 
higher level of viewpoint. These two 
books will dominate the field of teaching 
of unit operations of chemical engineering. 


KENNETH A. KOBE 
University or Texas 
Austin, TExas 


GMELINS HANDBOOK OF INORGANIC 
CHEMISTRY. SYSTEM 44: THORIUM 
AND ISOTOPES 


Edited by the Gmelin Institute under the 
direction of EF. H. E. Pietsch. Eighth 
edition. Verlag chemie, GmbH., Wein- 
heim Bergstrasse, Germany, 1955. xv 
+ 406 pp. 35 figs. 17.5 XK 25.5 cm. 
In wrappers, $54.48; cloth bound, $55.68. 


Tue new Gmelin volume on thorium is 
most welcome at this time with the 
increasing interest in thorium in atomic 
energy programs throughout the world. 
The thorium-U?%* system comprises one 
of the two possibilities for nuclear breed- 
ing, the conversion of a natural nuclide 
into a nuclear fuel on a large scale with 
the concemitant production of nuclear 
energy by the fission of previously formed 
fuel. At present no thoroughly satis- 
factory chemical and physical form of 
thorium has been proposed for the purpose 
and hence considerable experimentation 


may be expected along this line in the 
future. 

This Handbook is by far the most 
complete compilation of information on 
the occurrence, preparation, and the 
chemical and physical properties of tho- 
rium and its compounds ever published. 
The natural occurrence, geochemistry, 
and methods of recovery in pure form are 
all covered in considerable detail. In- 
formation is given on the physical prop- 
erties of thorium, the various nuclear 
reactions resulting from irradiations, and 
the decay properties of all known thorium 
isotopes. One hundred seventy-five pages 
are devoted to chemical properties and 
reactions involving thorium, its alloys, 
and its compounds. The last 52 pages 
cover the information on natural radio- 
active isotopes of thorium. 

The claim is made that the literature 
has been covered completely until the end 
of 1949 and that the more important 
material published up to the end of 1954 
is also included. There may be some 
question as to what should be included in 
the more important information. For 
example, much of the thorium solution 
chemistry published between 1949 and 
1955 is not included. In particular much 
of the work on complexing by various 
anions and on hydrolysis in aqueous 
solutions is not discussed. 

It is perhaps unfortunate that the book 
does not have an index as well as a table 
of contents. Because of the particular 
division of subject’ matter many items 
are discussed in several different places. 
For example, some of the same aque- 


ous chemistry is mentioned under General 
Preparation of Thorium Compounds, 
Chemical Behavior, The Compounds of 
Thorium (in more than one place), and 
The Natural Radioactive Isotopes of 
Thorium. 


R. W. STOUGHTON 
Oak Ripce Nationat LABORATORY 
Oax Ringe, TENNESSEE 


ANNUAL REVIEW OF PHYSICAL CHEM- 
ISTRY. VOLUME 7: 1956 


Edited by H. Eyring and C. J. Christen- 
sen, University of Utah, and H. S. John- 
ston, Stanford University. Anrual Re- 
views, Inc., Palo Alto, California. vii + 
503 pp. 15 X 22cm. $7. 


Tue first six volumes of these Reviews 
were edited by Gerhard K. Rollefson. 
Following his death on November 15, 
1955, Henry Eyring assumed principal 
responsibility for continuing the series. 

The high quality of the previous vol- 
umes has been maintained, and there 
has been no change in basic policy. About 
three of the twenty-one chapters each 
year are devoted to subjects requiring 
only occasional treatment. The remain- 
ing chapters review the latest advances 
in approximately the same fields year 
after year, but the authors are free to 
treat those aspects of the general field in 
which they are most interested. 


WILLIAM E. CADBURY, JR. 
Haverrorp COLLEGE 
HAVERFORD, PENNSYLVANIA 


ANGULAR 
SUPPORT ROD 


is bent at 22 degree angle three 
inches from end. By rotating 
rod, the Power-Stir can be used up 
to 22 degrees from vertical in any 
direction. 


HOLLOW SPINDLE 


Ai of 
od length by 
the stirring rod up or down when 
the chuck is loosened. 
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POPULAR HOLLOW SPINDLE, HIGH 
TORQUE, VARIABLE SPEED 


Power Stir makes your stirring jobs easier, gives you a 
wider range of operation and does the job better. With 
the new angular support rod you can use Power Stir up to 


22 degrees from vertical in any direction. 


The Hollow 


Spindle permits rapid adjustment of rod length up or down 
and makes for a better job of stirring. Because it elimi- 
nates rod whipping and wobble, it allows you to use glass 


and plastic rods as well as metal. 


It’s the most popular 


stirrer on the market, because you can do so much with it. 
Write for bulletin 270-H for full details. Priced at $32.50. 
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[ BUCHNER FUNNELS ]| Just Published ! 


of ethylen 
Molded of polyethylene the 
TESTED DEMONSTRATIONS 


in GENERAL CHEMISTRY 


from the 1955 and 1956 
volumes of The Journal 


Unbreakable 


ene f d This invaluable teaching aid contains the 
— eo 24 instalments comprising 561 tested 


demonstrations on the following topics: 


Chemical Reactions 

Oxygen 

Hydrogen 

Water, Acids, Bases, Salts 

States of Matter. Solutions 

Tonization 

Energy 

Equilibrium. Oxidation and Reduction 
Atomic Structure. Radioactivity 
Group Zero (Inert Gases) and the At- 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH DAYTON 9. OHIO Metallurgy 
Group I. The Alkali Metals. The Cop- 
per Group 


) . Group II. The Alkaline Earth Metals. 
ROYAL BERLIN up TL. ‘The A 


Aluminum. The Rare Earth Metals 
Boron and Silicon 

Carbon and its Inorganic Compounds 
Nitrogen Chemistry 


THREE SIZES BU-55  BU-70 BU-90 
filter paper size, mm 55 70 90 
approx. cup capacity, ml 75 165 315 
price, each $ 2.75 5.00 6.00 
case 18.00 25.00 21.00 
quantity in case 8 6 + 
through leading supply houses or direct 


ask for latest bulletin describing our complete line 
minimum order $10.00 


_ 


Hard Porcelain Filtering Crucibles & Tubes 


; For regular and micro filtration. Original 


an 


Koenig type. Porous bottom and crucible 
of one piece and equally heat resistant. 


Crucibles in three porosities of about 6, 7 Group V. The Phosphorus Family 
and 8 microns. Filtering tubes in porosity 


#2 (7 microns). Made for micro filtration Group VI. The Sulfur Family 
of liquids from precipitates by suction. : Group VII. The Hal ogens 


R. B. Micro Immersion Filter Tube = 
— . Metals of Groups IV-VIII 

R. B. Micro Filtering Crucibl i i 
40.9774 A-2, 1.2 ec. capacity, 90¢ . Organic Chemistry 

R. B. Filtering Crucible 40.9779 A-1, . Colloid Chemistry 


A A-2 and A-3, 25 cc. capacity, $1.25 
{7 . Miscellaneous. A selected list of Ele- 


—_ Available at laboratory supply dealers or j 


FILTER 
SCHOTT-JENA Slit-sieve Funnels The booklet is attractively printed, bound in 
(Buechner Type) serviceable yellow cover stock, and punched for 
Have narrow elongated slit holes. Made of Schott a standard 3-ring binder. 
G-20 clear glass, having high thermal durability and 
extreme resistance to acids and alkalies. Being 
transparent, any residue within funnel can readily be 4 
seen. Permits quick filtration. Plain surface pre- 10-19 copies 
vents tearing of filter paper. Easily cleaned. 20 or more copies 


At laboratory supply dealers or from us. 
Write for Bulletins SBF-342 and SSF-343. 


SCHURMAN CORPORATION JOURNAL OF 


1 Portman Roed, New Rochelle, NCP, CHEMICAL EDUCATION 


Easton, Pennsylvania 


Single copies 


JOURNAL OF CHEMICAL EDUCATION 


. 
$5 4 
q 
4 
BES 
4 
J 
P 
= 
|_| 
a 
. 
A 
f 
kee: 
| 
3 
Al36 


DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) ‘by Hubert N. Alyea 


2se OXYGEN (continued from February) 


D. SOME OXIDATIONS 


2-21s Rusting of iron. Wash steei wool with 1N HCl and then 
cover with water until used. Imbed a mercury or air 
thermometer in a 3-liter jar of this cleaned steel wool: the 
temperature rises many degrees in half an hour. See article 
for details of air thermometer. (Morris, S., and HEADLEB, 
A. J. W., 10, 637 (1933).) 


2-22s Pyrophoric metals. (a) Pyrophoric lead. See Dem. 2-18. 
Fill a 6” tube '/; full of lead tartrate, draw out one end to 
an 8 mm. opening. Pass illuminating gas into the tube 
through a 5 mm. tubing, lighting the gas at the exit; heat 
the tartrate until no more fumes evolve, and immediately 
seal. Break the tube with pliers, letting the loose powder 
fall through the air: there is a shower of sparks. 

(b) Pyrophoric iron: ditto, using ferrous oxalate. 
(Watton, J. H., 8, 303(1931).) 
2-23s Dust explosions. Same as Dem. 2-17, but with a glass 


funnel slipped into a hole in the bottom of a tin can, with 
the cover pushed on. (Dunsar, R. E., 5, 349 (1928).) 


(continued) 


Spontaneous combustion 

2-24s Oils. (a) Soak a ball of cotton in a mixture of 25 ml. raw 
linseed oil + 5 ml. turpentine + 5 ml. Japan drier. Wrap 
the oily ball in cotton, fluff to admit air to the middle, and 
place a thermometer in the middle: the temperature rises; 
above 300°C. it increases about 10° per minute, and above 
350° it ignites spontaneously. (Morris, S., and HEADLEE, 
A. J. W., 10, 637 (1933).) 

(b) Use equal volumes of turpentine + drier without 

linseed oil. (ANTLEMAN, M., 30, 134 (1953).) 

s Phosphorus in CS:. Make No. 0 steel wool balls 1” in 
diameter by rolling them between the palms. Holding them 
in tongs, dip them (CARE; see precautions for handling 
phosphorus, Topic 18) into a fresh solution containing 1” 
lengths of !!/,.” yellow phosphorus in 100 ml. CS2, squeeze 
with the tongs and let drain just above the solution. Simi- 
larly treat cotton and glass wool balls. Place on asbestos: 
they inflame at different temperatures (i.e., after different 
time lags). Although they can be extinguished by plunging 
them into water, it is preferable to let them burn them- 
selves out, to avoid the danger of phosphorus burns. 
(Enret, W. F., 25, 250 (1948).) 

Kindling temperature 

2-268 Wood. Place a stick of wood on a tin pan heated over a 
burner: in a short while the wood catches fire. (PERSING, 
K. M., 6, 965 (1929).) 

Kerosene. (a) Thrust a burning match into kerosene: the 
light goes out. CARE: DO NOT USE GASOLINE. (6) 
Place a wire gauze on top of a cylinder and from 3 ft. above 
it pour some burning kerosene: the flame extinguishes, il- 
lustrating the principle of the Davey Miners Safety Lamp: 
I., 8, 929 (1931).) 

s Flammable liquids. (a) Place 2 cms. each of liquid fuels in 
Petri dishes at least 6” apart. Bring a hot glass rod to each: 
some ignite easily, others with difficulty. Notice that some 
burn with a blue, some with a yellow flame; some leave a 
heavy carbon deposit. (b) Put 1 ml. of ether in one wide- 
mouth bottle, and 1 ml. of CS: in another. Stopper and 
shake. Apply a hot glass rod: ignition is easier for the CS. 
even though it has a boiling point 10° higher than ether. 
The flame in the CS; bottle will follow the glass rod down 
when the ratio of air to CS, is just right. (c) Mix CCl, with 
combustible liquids, showing that they become non-com- 
bustible. (Setiers, J., 4, 914 (1927).) 

2-29s Explosive vapors and dusts. A heavy-walled flask 17.6 
ems. in dia. has a 5 cm. stopper carrying an electrically 


2-27s 


heated nichrome wire, or spark gap, at one end, and an 
open 3 cm. neck at the other. A few drops of combustible 
liquid is introduced, the neck stoppered and the gases 
mixed by rotating the flask 20 seconds, the stopper re- 
moved, the flask placed on its side on a straw ring and a 
short paper tube inserted in its neck. (a) By heating the 
wire to different temperatures, show the kindling tempera- 
tures of alcohols, ether, benzene, gasoline, CS:, ethyl] 
acetate, and acetone. (b) Place Pd-asbestos, cobalt oxide, 
Mn or Cu catalysts on the wire and show their effect on 
kindling temperature. (c) Place celluloid on the wire, 
showing that it vaporizes before it explodes. (d) Place 
S on the wire. (e) Form an ionized flame by passing a 
spark through celluloid. (f) Show inhibitory effect of 
iodine added to vaporizing liquids. (g) Explode com- 
bustible dusts such as coal, starch, or sugar by using a 
match-head glued to the wire. (h) Attach al X 60 cm. 
tubing to the neck and perform Dem. 22-7. (Zeman, F., 
12, 483 (1935).) 

Flammable gases. (a) Ignite illuminating gas with a hot 
rod. (SEuuERs, J., 4, 914 (1927).) 

Combustion temperatures. An iron vessel is provided with 
thermocouple for measuring the combustion temperatures 
of gasoline in the presence of antiknock agents. (CLusivs, 
K., and Gutscumipt, H., 13, 546 (1936), see original article 
in Z. Angew. Chem., 49, 446 (1936).) 


E. OZONE 


Preparation of ozone. 

2-32s The original articles should be consulted for diagrams of ap- 
paratus for producing ozone. In general the following 
principles are involved. (a) Current is from an induction 
coil, usually a Model T Ford coil operated on 6-12 volts, 
and is passed between metal electrodes. (b) The discharge 
is sometimes regulated by a resistance through the coil so 
that voltage is below a visible spark, i.e. it is a silent dis- 
charge. (c) A better yield of O; results if O2 is passed; if 
tank is not available, from + H,0O is prefer- 
able. (d) If air is used, it is preferably dry. Here are 
some variations, take your pick. Maxwett, J., (5 1493 
(1938)), advocates two tin cans fitting snugly inside and 
outside, respectively, of a wide-mouth fruit jar having a 2 
hole rubber stopper with a long 6 mm. inlet tubing and a 
short outlet tubing. Henne, A. L. (7, 1190 (1930)), ab- 
stracted from J. Am. Chem. Soc., 51, 2676 (1929), uses a 
six-stranded Pb wire dipping into dilute H2SO, in a glass 
tubing immersed in a water bath which acts as a coolant 
and 2nd electrode. Lisk, G. M., (8, 2429 (1931)), uses a 
Mason jar in which is placed two glass plates between two 
spark gap posts and two metal plates. Doane, H. C. (9), 
1113 (1932)), strikes an are between guarter-inch brass rods 
lead in through a 3-neek Woulff bottle. (WorsTeE LL, 
R. A. (9, 291 (1932)) passes dry O. through the outer of 
two concentric tubes, with silent discharge passed between 
metal foil in the outer surface of the outer tube and the 
inner surface of the inner tube; 3-8% O; forms. Lusk, 
G. M. (9, 2099 (1932)), uses a dion between two 
stout Cu wires in a wide-mouth bottle. Ransrorp, J. E. 
(28, 477 (1951)), discharges a spark upon coarse steel wool 
inside of a glass tube through which O, is passing. AN- 
pREws, A. C., Micke, B. L., and Kuiassen, K. C. (32, 
154 (1955)), uses Standard Pyrex Brand joints and equip- 
ment in the assembly, with Hg and Pt electrodes: dried 
O, is passed through a water-cooled Pyrex West condenser. 
AtyeEa: Worstell, Ransford, or Doane describe the sim- 
plest devices; Maxwell or Lisk (8, 2429 (1931)) are best 
for a permanent set-up; Henne or Andrews are research 
types. 

Reactions of ozone. 

2-32s Ozone with solids. Ozone turns starch-iodide paper blue; 
causes red-hot steel wool to burn brighter; blackens a 
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‘3s. HYDROGEN 


silver coin; corrodes all metals excepting Au and Pt; 
oxidizes Hg to HgO; very rapidly corrodes a rubber 
tubing through which it passes. (ALYEA) 


_ 2-33s Ozone with liquids. Bubble ozone through the following 


to give products indicated. (a) KI-aq. gives KOH + 
O. + (6) KBr-aq. gives KOH + + Br. (c) 
MnCl, + 2 KOH gives KCl + O2 + chocolate brown 
MnO(OH)2. (d) CoCl, + 2 KOH gives KCl + O2 + 
black Co(OH);. (e) NiCle + KOH gives KC] + O2 + 
black Ni(OH)2. (f) H:S gives O. + free S. (g) PbS 
gives white PbSO, + O.. (hk) HAuCk + 4 KOH gives 


KCl + + O, + blue-black Au. gives 
Hgt*. (j) Thallous gives thallic. (k) SnCk + 2HCI 
gives O. + + SnCh. (/) Ferric ammonium sulfate 
gives Fe,O(SO,)2 + (NH,)2SO, + Ov. (m) Ferrocyanides 
give ferricyanides. (n) gives + On, rapidly 
with MnO, catalyst. (0) Chromic gives chromates or 
dichromates, not higher Cr valences. (p) CH, gives 
formaldehyde and formic acid (CARE: ORGANIC COM- 
POUNDS MAY REACT EXPLOSIVELY). (q) Deep blue 
indigo gives colorless isatine. (WorsTELL, R. A., 9, 291 
(1932).) 


HISTORICAL 
PREPARATION OF HYDROGEN 


Cold water + active metal. (a) With Li. Place a few Li- 
shot in a test tube of water and invert in a beaker of water: 
a gentle evolution of Hz occurs. (Lapp, W. S., 29, 611 
(1952).) 

(b) With Na or K. See Dem. 3-3. Drop small pieces 
of Na or K into water containing a little ether: looks like 
water burning. (Fring, I., 8, 929 (1931).) 

(c) WithCa. Place Ca shavings in a test tube of water; 
invert in a beaker of water: Hz collects and Ca(OH). forms 
and precipitates. (WraveER, E. C., 24, 48 (1947).) 

Cold water + Fe. In a 3 X 6” iron pipe with fine- 
threaded caps and a metal stop-cock at one end, rotate a 
handful of ball bearings with 75 g. sand + 200 ml. water: 
the sand removes the passive iron surface, the fresh sur- 
face reacts with the cold water to form H: and in 24 hours 
pressure has developed; the Hz can be ignited. (ALEXAN- 
pER, L. T., and Byers, H. G., 9, 916 (1932).) 

Steam + Mg. (a) Suspend a spiral of Mg in a distilling 
flask of water; have a tube lead from the side-arm to a 
test tube of water inverted in a pneumatic trough; boil 
the water: H: collects. (PereRKIn, J. D., 11, 481 (1934).) 

(b) Light Mg ribbon and (CARE) throw it on water: 
brilliant flash. (BercEn, R. C., 6, 963 (1929).) 

Acid + metal, with or without catalyst. Fasten two rub- 
ber ballons, each containing ten pieces of Zn rod '/,” dia. 
X< 1/2" long, over two 500 ml. flasks containing (a) 150 
ml. of 2N H2SO, and (b) 150 ml. of 2N H.SO, + 0.2 g. 
CuS0O,, 5H,0. Simultaneously dump in the Zn: H: forms, 
swelling the balloon in (b) faster than in (a) due to Cu*+* 
catalysis. (Wauton, J. H., 8 303 (1931).) 

NaOH + Si. Heat Si with NaOH. (Apams, C. S., 7, 
349 (1930).) 

Al + HCl or NaOH. Place 2” layers of Al turnings in 
two 1!/. X 12” cylinders standing in a tray to catch over- 
flow; simultaneously pour (CARE) 6N HCl into one and 
6N NaOH into the other: the acid reacts immediately, 
whereas with the hydroxide there is a delay until the oxide 
coating is removed, followed by vigorous reaction. 
(Weaver, E. C., 24, 48 (1947).) 


PHYSICAL PROPERTIES OF HYDROGEN 


Rubber balloon techniques. (a) Run water from a faucet 
into a large bottle of Hz, forcing the gas into a 4-liter rub- 
ber balloon. (WriutaMs, H., 7, 1190 (1903), from Newo- 
Chemto-Ion 3, 12 (1929).) 

(b) Stretch the neck of a rubber balloon over the flared 
end of a test tube; cut off the closed end and insert a one- 
hole stopper carrying a 6 mm. tubing with a Bunsen valve 
(rubber tubing containing a glass bead). A bottle contain- 
ing Zn has a 3-hole stopper through which passes (1) a 
connection to the Bunsen valve (2) a dropping funnel con- 
taining HCl-aq., (3) a stopcock. Run in the acid: H: is 
generated, the balloon swells. When full, open stopcock: 
the Bunsen valve holds the Hz in the balloon. (Lisxk, 
G. M., 7, 2719 (1930).) 

(c) Insert a one-hole rubber stopper in the neck of a 
rubber balloon, and in the hole insert a stopcock and 
rubber tubing (or rubber tubing with pinch-clamp). 
(Hate, C. C., 11, 477 (1934).) 


3-8s 


3-9s 


Effect of helium on voice. Take a mouthful of helium, 
then attempt to talk normally: a squeeky voice results. 
Explain that H, would do the same but is not being used 
because (DANGER) static electricity might cause an ex- 
plosion in the lungs (Noygs, R. M., 32, 289 (1955)); also 
(AtyEA) danger of poisoning from arsine in the hydrogen 
from arsenic in the zinc used to form the Ho. 

Lifting power. Show the lifting power of rubber balloon 
filled with (WuturaMs, H., 7, 1190 (1930).) 
tie a tiny post-card, addressed to sender, to a half-inflated 
H.-balloon and release outside; may be carried 100 miles 
and then returned to sender. 


D. CHEMICAL REACTIONS OF HYDROGEN 
Soap bubbles 


3-10s 


3-1ls 


Tough soap films and bubbles. (a) Stock Solution A: 2g. 
waxy solid Aerosol O.T. 100% + 98 g. distilled water; 
shake occasionally for 24 hours, will still be cloudy. For 
solid bubbles: mix 12 g. sucrose + 25 ml. solution A. For 
elastic films for bubbles: mix 20 g. sucrose or dextrose + 
13.5 ml. glycerol + 25 ml. solution A; warm gently to 
hasten dissolving. (KUEHNER A. L., 25, 211 (1948).) 

(b) Triethanol-amine Oleate. Stir triethanol-amine with 
a little less than twice its weight of oleic acid; age in a 
stoppered bottle for 24 hours; mix 30 ml. of this with a liter 
of distilled water; stand 24 hours; siphon off the lower, 
light-grey layer and mix with */,ths its volume of glycer- 
ine; age 24 hours; store in a well-stoppered bottle in the 
dark (Cook, G. A., 15, 161 (1938).) 

(c) Castile soap. Age 30 g. powdered Castile soap + 1 
liter distilled water for 24 hours; siphon off the clear por- 
tion, add 3/, ths its volume of glycerine; store in dark, 
well-stoppered bottle; in use mix 25 ml. with 25-100 mg. 
tannin. This not so good as (b). (Cook, G. A., loc. cit.) 

(d) Dreft. Use water + Procter and Gamble ‘‘Dreft.” 
(Wang, F. B., 16, 517 (1939).) 

(e) Use 10 g. Aerosol OT, aqueous 10%, American Cy- 
anamid and Chemical Co., + 2 g. Tensol, Synthetic 
Chemicals, Inc., + 10 g. glycerine + 80 ml. water. 
(Torun, W. E., and Lren, J. M., 18, 375 (1941).) 
Bubble-blowing devices. (a) Use solution 3-10s (6) with 
a H.-generator to form soap bubbles which can be cut off 
directly from the generator, and allowed to rise. ALYEA: 
CARE NOT TO HAVE FLAME NEAR. (Wape, F. B., 
15, 290 (1938).) 

(b) Pass the gas used to blow the bubbles through cot- 
ton moistened with glycerine to avoid acids, dust, and 
grease. (Cook, G. A., loc. cit.) 

(c) Insert two 1 mm. capillary tubes 15 cm. long in a 
cork so that the ends are flush with the upper surface of 
the cork, and insert this in an upright 1.5 X 5 cm. tubing, 
to within 1 em. of the upper end of the tubing. Place soap 
solution in this 1 cm.-deep reservoir, and pass in Hz and 
O, to make bubbles which can be ignited safely (ULLMANN, 
H. M., and Hazienurst, T. H., Jr., 11, 113 (1934).) 
DANGER: an explosion wave can travel through 2H, + 
O, in tubes as small as 0.5 mm. bore. (THrun, W. E., 
and Lien, J. M., 18, 375 (1941).) 

(d) DANGER: do not blow soap bubbles with inhaled 
He (31, 668 (1954)); R. M. Noyes (32, 289 (1955)) states 
that static electricity in the lungs might explode H, and 
kill the demonstration. See Dem. 3-8s. 


(Topic 3s will be continued in the April issue) 
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Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


———KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
| GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK N. Y. 
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for 
Hospital, 
Pharmaceutical, 


Industrial and 


Educational 
Laboratories 


This dryer will handle pipettes up to 375 mm in 
length, and will accommodate any standard 
pipette washer rack up to 6” in diameter. Dryer 
has a 300 watt heater and is suitable for operation 
on AC or DC current. 


This new Pipette Dryer reduces the hazard of 
pipette breakage; also speeds up drying time 
considerably. Dryer is made of an anodized 
aluminum cylinder, mounted on a base finished 
in durable Sand-Tan, and includes an “on” and 
“off” switch. A vented swivel cover, mounted 
on top of the cylinder, releases moisture. 


With the use of an extra rack, one batch of pi- 
pettes can be dried while the other batch is being 
washed. 


The unit is approximately 25” high and is supplied 
with a cord and plug. Weighs only 8 lbs. and is 
portable. 


$49.50 


Extra Pipette Rack 9.75 
Order today or write for Bulletin #15. 


YONKERS 
laboratory supply co. 


MANUFACTURERS & DEALERS 
70 Palisade Ave., Yonkers 2, N.Y. 
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| Gh ALL PURPOSE 

RGANIC SCINTILLATORS 

from ARAPAHOE LABORATORY 


“POPOP” (Scintillation Grade) FEATURING: TIM ER 
M.P. 245-246° C | 
Fluorescence Max. 4200A 4 3600 settings Giant 8” dial 
Vee (Scintillation | Split-Second Accuracy Portable Mount Models 
e 


Automatic Switching Panel Mount Models 


ALPHANAPHTHYLPHENYLOXAZOLE ne WRITE FOR COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


eee yr Grade) 208 E. Sixth St. Dayton, Ohio 
~212° 
Fluorescence Max. 3460A 


1,1,4,4-TETRAPHENYLBUTADIENE CONSOLIDATED 
(Scintillation a Water Stills and Sterilizers 


M.P. 104-106 
NP and STANDARD Water Stills 
Men. Full Opening Door Pressure Sterilizers 


PHENYLBIPHENYLYLOXADIAZOLE Rolling Door Laboratory Sterilizers 
(Scintillation Grade CONSOLIDATED MACHINE 

M.P. 167-169° CORPORATION 

Fluorescence Max. 3700A 39 Sudbury St. Boston 14, Mass. 


PROMORATE, Anhydrous 

.P. 182-185° 

Solubility: 128 per 100 ml of 1:9 methe- SEQUEX LABELS © Ultraviolet Blacklight equipment 
nol-toluene Numbered 1 to 5,000 (Self-Adhesive) ®@ Sodium and Mercury Vapor Sources 


Distributed by TRACERLAB, INC. mI 100 Labels on a sheet 
For numbering samples, © Power Supplies for Zirconium Con- 


ARAPAHOE CHEMICALS, INC. centrated Arc Lamps 
2800 PEARL STREET + BOULDER, COLORADO PRICES: 100 $1, 500$2.50; 1M$4; 5M$18.00 
PRODUCERS OF FINE ORGANIC CHEMICALS R. P. Cargille Laboratories Inc. and other 


117 Liberty St. New York 6, N. ¥. 
ao SPECIAL LIGHT SOURCES 


for FREE Catalog or contact your Lab. 
Now Write Supply Dealer. 


GEORGEW.GATESE®. 


Box 216, Franklin Square, L.1I. 


Acenaphthylene; | A cetonedicarboxylic Acid, 
3-Acetylpyrid cetvthiocholine cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate; 
Adonidine; Alkaloids; 4-Amino; Amylase; 
Anserine ic Acid; Arachidonic Ac -Acgisinamides 
o-Arsanilic By Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Cery!l Alco holy a-Chlioralose; 8-Chloralose; p-Chioroanilidophos- 
phone Acid; p-Chloromercuribenzoate Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin. Dialuric Acid; ‘Dibromosalicvlaldehyde, 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equi Erucic Acid; 
dl-Ethionine; etraacetic Ethylpvridinium 
Bromide; Fructose-6-Pho: Gitoxin; ooo ic Acid; Gluco- 
Glycyileucine, Glycyltry; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Aci 4-Hydroxyacridine; 
Acid a: Hydroxyohenazine, 12-Hydroxystearic acid; 
° »-lodosobenzole Acid; Isoascorbie Acid; Isocitric Acid; leseytesine, 


Kynurenic Acid; Lactobionic Leucylglycine; Leucyltyrosine; 


NOW OVER 5/00 
CHEMICALS 


@ Hydroxymethylfurfural 
a-Hydroxymyristic Acid 
a-Hydroxypalmitic Acid 
@ m-Hydroxyphenylglycine 
m-Hydroxyphenylserine 
@ p-Hydroxyphenylserine 
2-Hydroxyquinoline 

4-Hydroxyquinoline 

7-Hydroxyquinoline 

@ Hydroxytetronic Acid 

@ Ichtozyme 
* 
* 
« 


Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
ide; §-Mercaptopropionic Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; B-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Neurine Bromide, 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Pyrimidine; Reduetic 
Acid; Sodium Amide; Sodium Fluoroacetate  Sohi hingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tentalom Chloride; 0-Ter- 
cid; nase; ine; 
bilin; Ursolic Acid; Vitamin 


Idose, d 

Indane 
1,3-Indanedione 
Indican Glucoside 
Indigo Trisulfonate 
Indole-3-acetaldehyde 
Indole-3-acetonitrile 
Indole-3-pyruvic Acid 
Indole-3-valerianic Acid 


Ask us for others! B-Indolylbutyronitrile 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New Vink 23, 43 
Plaza 7-817} 


DELTA CHEMICAL WORKS, ix. 


23 West 60th St. New York 23, N.Y. 
Telephone Plaza 7-6317 
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APPARATUS _ CHEM ED BUYER'S GUIDE CHEMICALS 
EQUIPMENT SERVICES 


| | BRYDEN ROD CLAMPS 


GENERAL, SEMI-MICRO, MICRO 
POLARIMETRY-INVERSION TESTS-HIGH 
TEMPERATURE-CONTINUOUS FLOW 


ACETOBROMOGLUCOSE 
BULBOCAPNINE HCL 
CLOROPHTHALIC ACID 
CHRYSAROBIN 

CITRACONIC ANHYDRIDE 
CITRACONYL CHLORIDE 
3,3'DIAMINO BENZIDINE HCL 
b,b’-DIMETHYL ACRYLIC ACID 
FLAVONE 

GLYCIDOL 

5-HYDROXY INDOLE-3-ACETIC ACID 
p-HYDROXY PHENYLPYRUVIC ACID 
ITACONIC ANHYDRIDE 
MESACONIC DIAMIDE 

MESACONYL CHLORIDE 

2 & 4-PHENYL PYRIDINE 

PYRROLE, REAGENT 

SODIUM TETRAPHENYL BORON 
THUJIC ACID 


Write for free catalog 


LABORATORIES 
/ V4 ADVERTISERS’ INDEX 


Ace Glass, Inc Johns-Manville Co 
29-46 Northern Bivd., LIC 1, N. Y. Agency: Ray Hawley, Adv. pee Agency: J. Walter Thompson Co. 
Agency: Walter L. Schump Adv. Kewaunee Mfg. Co.. . 
Allied Chemical & Dye Corp A104 Agency: Rogers & Smith 


CHEMICALS Agency: Albert Frank-Guenther Law, Inc. Kimble Glass Co.. 
J. Walter “Thompson Co. 


Write for new list PT-14 Bryden Clamps: 
O.C. RUDOLPH &SONS 


permit rapid set-up, 
Manufacturers of L joints, 
- Optical Research & Control Instruments 
P.O. 

O. BOX 446, CALDWELL, N. J aadiaianithdian 
Rod to Rod 
Rod to Sheet Clamps 


STIRRER 


Case ° Write for FREE literature today 


JAMES INSTRUMENT COMPANY CHANDLER & STEDMAN 


P. O. Box 757 Newark 1, N. J. 398 Newton St. Waltham 54, Massachusetts 


Aloe Scientific, Div. of A.S. Aloe Co... A120 Agency: 
METALS Agency: Frank Block Associates Klett Mfg. 


MINERALS American Book Co................. A124 LaPine & dex Arthur S 


“METALLIC SHEET AND FOIL” Baker & Adamson, Gen. Chem. Div., Agency: Vernon S. Weiler 
Send for New Lists Allied Chem. & Dye Corp....... A118 Macmillan Co., The 

A. D. MACKAY, INC. B Re Atherton & Currier, Inc. A130 net: Atherton & Currier, eae 
198 Broadway, New York 38, N. Y. : vine age inckrodt Chemical Works 
a vid Agency: Frank Wilhelms, Adv. Agency: Smith & Williams Adv. 
Chem. Ed. Buyers’ Guide. :.A140 and Ala McGraw-Hill Book Co., Inc.......... OFC 
YOU, TOO CAN USE Coleman Instruments, . Al42 Nalge Co., The A115 and A130 
E ‘ Agency: Hollander & Weghorn Agency: Harry Lefler, Adv. 
CHEM ED BUYERS' GUIDE Coors Porcelain Co New York Laboratory Supply Co., Inc. A132 
Corning Glass Works..... Agency: Raf Adv., Inc. 
Manufacturers, suppliers, and distributors of Agency: Charles L. Rumrill "& Co., Inc. Sachin Steee © IFC 
chemical | erkin- er Co: 

more products which do not lend themselves Delta Chemical Works, Inc 
to inclusion in the company's principal ad- Agency: Miller Adv. Agency, Inc. Research Specialties Co.......... se 
vertisements, or which do not justify the use Rinehart & Co., Inc 
of more advertising space, find these small —— cone Rumrill & C Co., Inc. Row, Peterson & Co 
units offer just the right size and place for Faton Dikeman Co.......... <kawe . Sargent & Co., E. H..... ... A119 and A131 
publicizing that extra or special item. Here Agency: Arthur Olian, I ne. Agency: Kreicker & Meloan, Inc. 
is YOUR ideal opportunity to sell that “mar- Saunders Co., W 
ginal” or miscellaneous article or that new Lesy, Ads. . 

gadget! Farrand Optical Co., DG. vi-skcessbe Scientific Products Div., American 


Agency: Firestone Adv. Agency . 
Fischer & Porter Co Supply 


Agency 
Fisher Scientific Co... ‘Bridge Co. : Schleicher & Schuell Co., Carl 
Agency: Smith, Taylor & Jenkins Agency: Wildrick & Miller, Inc. 
Fish-Schurman Corp Standard Scientific Supply Corp..... 
a Agency: Firestone Adv. Agency 


Agency: John O. Powers Co. 
P Thermal-American Fused Quartz Co. A128 
Go, Emil : Asher, Godfrey & Franklin 
CRIPPLED CHILDREN gency: Fairfaz, Inc. ur H. Thomas Ags 
Hanovia Chemical & Mfg. ss U. S. Stoneware. Alll 
Agency: Cayton, Inc. Agency: Ralph Grose Ad., Ine. 


Harshaw Scientific, Div. of the Har- 
c W. M. Welch Mfg. Co A115 and A122 


A99 
Heath & Co., D. C... Agency: H. A. Hooker Adv. 
Hevi Duty Electric Co Wiley & Sons, John. 
Agency: Camm, Costigan, Ine. Agency: Norman Waters "Assrciates 
Wilkens-Anderson Co...... 
International Equipment Co......... Agency: Mandabach, Marthens & 
Agency: Robert Hartwell Gabine Simms, Inc 


Interscience Publishers, Inc......... 
Crippled Children and Adults Agency: Henry E. Salloch Adv. Service 


Il So. LaSalle Chicago 3 


Yonkers Laboratory Supply Co...... 


VOLUME 34, NO. 3, MARCH, 1957 


ES | 
bY Best for all 
@), — Laboratory 
| | 4 Purposes 
| 
Is | 
| | 
i 
| quere Clamps 
| 
| — 
| 
| 
| 
| 
| 
ces | 
on- ee 
con 
cove 
; 
| 
| 
| 
| 
00 
A109 
A108 
> 
| AL 
| 
Ww 
| RNA 06 
A116 
National Society A123 A139 : 
| 
Al4l fs 


efficiency for 
fluorometric measuremen 


For the rapid, precise analysis by fluorescence of Vitamins, 
Quinine, Atabrine, Fluorescein, Porphyrins, Steroids, metal 
complexes and other compounds susceptible to fluorometric 
measurement. 


Full A C Operation. The Model 12C is entirely A C line- 
operated and employs no batteries. The high intensity mer- 
cury vapor lamp source and the photo-tube amplifier are 
automatically stabilized against line voltage variations. 


Greater Sensitivity and Stability Extend Range of 
Use. The combination of increased sensitivity to low intensity 
fluorescence and the new nor:-drifting measuring circuit sub- 
stantially extends the ability to analyze solutions of 
extremely low concentration. The speed and facility of 


measuring higher concentrations, such as are found in feeds 
and grains, is likewise enhanced. 


Simple Controls—Easy Operation. Only 3 simple con- 
trols adjust the measuring circuit and permit fluorescence 
measurements over a wide range of sample concentrations. 
Readings made directly from meter on instrument panel. 


Wide Filter Selection. A wide selection of optical filters 
is available for isolating the sample from both the mercury 
vapor light and the phototube. Blank filter holders available 
for special filter combinations when needed. 


For complete details write for Bulletin B-230 
Dept. B. Coleman Instruments, Inc., Maywood, Ill. 


THE NEW MODEL 12-C 


Coleman Photofluorometer 
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Joma. CRONE MICRO COLD STAGE 


For micro fusion studies over the range —100°C to +70°C 


MICRO COLD STAGE (Micro Melting Point Appara- 
tus), Thomas-McCrone Thermometer Reading Model. 
With built-in heating unit to provide close temper- 
ature control within a working range of —100°C 
to +70°C when using dried, cooled nitrogen gas. 
Based on the design described by Walter C. 
McCrone and S. M. O’Bradovic in Analytical 
Chemisiry, Vol. 28, No. 6 (June, 1956) p. 1038. 


Supplements the Kofler Micro Hot Stage as a low tem- 
perature micro melting point apparatus. Also suitable for 
determination of characteristics of the polymorphic trans- 
formations. 


Made of phenolic plastic and furnished with two nickel 
plated, adjustable feet for attachment to the stage of a 
microscope in place of stage clips. Can be used on a micro- 
scope with polarized light or phase accessories. The bevelled 
cut-out in the top of the stage takes a standard 10x objective. 
Construction has been simplified for convenient insertion of 
sample and to permit reproducible placement of interchange- 
able low temperature thermometers. 


Heating is by means of a Pyrex brand E-C Radiant Glass 
plate. Voltage on the heating unit should not exceed 80 volts 
and a Variable Transformer, with mechanical stop to limit 
output voltage within the range 0 to 80 volts, is included 
with the Stage. 


The manipulator rod for seeding, moving the glass test 
nd similar operations, is inserted into the workin 
chamber through a ball joint. Thermometers are inse 
from the side and protected by means of a transparent plastic 
guard tube 


In use, a stream of inert gas, precooled to a temperature 
below the expected melting point, is passed over the sample 
and esca from the stage through a small annular space 
around the objective. Practically all moisture is removed 
from the gas stream in a simple Cooling Device which is 
offered as an accessory. Condensation of moisture and 
sible icing of the objective is minimized by this positive flow 
of moisture free gas. The gas stream in the chamber is heated 
by the E-C radiant slide. 


A.H.T.CO. 
PHILA USA 
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The recently published 
“Fusion Methods in Chemical Microscopy’’, 
by Walter C. McCrone 

(Interscience Publishers, Inc., 1957), 
contains detailed techniques 

for the use of the 
McCrone Micro Cold Stage. 


6892-G. Micro Cold Stage (Micro Melting Point Apparatus), Thomas- 
McCrone Thermometer Reading Model, as above described, with 
plastic manipulator rod with Stainless steel die; two thermometers, 
range —70°C to +70°C and —100°C to +30°C, respectively, in 1° 
divisions; transparent plastic thermometer guard; extra E-C Radiant 
Glass heating unit for replacement; 2 gross glass test plates; 2 oz. Red 


Label micro cover glasses, No. 1, 12 mm square; Powerstat voltage 
transformer; and 6-ft. cord and plug. For use on 115 volts, 60 cycles, 


6893-F. Cooling Device, for precooling the gas stream. Consisting 
of Dewar Flask, 4300 mi capacity, for use with dry ice and acetone, 
two-piece plastic cover, copper cooling coil with pressure coupling 
for attachment to Cold Stage, 8 inches of Silicone rubber tubing, 
Y-inch bore x Ye-inch wall; and Thermometer, range —95°C to +30° 


6893-N. “Fusion Methods in Chemical Microscopy”, by Walter C. 
McCrone, (Interscience Publishers, Inc., 1957). Contains approximately 
328 pages, 158 illustrations and 23 tables, and includes techniques for 
both the Thomas-McCrone Cold Stage and the Kofler Hot Stage. . .6.75 


Complete assembly, showing Micro Cold S in — on microscope 
stage and connected with Transformer, C evice for gas stream, 
and supply of gas 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas [ Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA, PA. 
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nent field! 


EXAMINE IT FREE! 


See for yourself how this vast store- 
house of up-to-the-minute informa- 
tion can instantly pin-point the 
authoritative answers you so fre- 
quently need—and in every perti- 


JUST PUBLISHED! A monumental volume portraying 


the entire scope of modern chemistry—the most extensive collection 
of articles ever published between two covers. 


Here is a small sample of the vast num- 


ber and kinds of articles you'll find: 
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The 


ENCYCLOPEDIA 
of CHEMISTRY 


Edited by GEORGE L. CLARK, University of Illinois, and 
G. G. HAWLEY, Reinhold Book Division. Written from 
A to Z by over 500 outstanding contributors. 


7 he first complete, modern, one-volume encyclopedia centered around the 
subject of chemistry written by a host of eminent authorities, and including 
20 different sciences that border on chemistry. 


You can eliminate hours of guessing, searching, and inquiring with this amazingly 
handy single volume. Here you have the entire scope of modern chemical informa- 
tion always at your fingertips. 


From “Abrasives” to “Zirconium” are 1,000 pages of remarkably condensed, author- 
itative, and clearly presented information designed for the needs of chemists, engi- 
neers, and scientific workers in all fields. 


All branches of chemistry—pure and applied, chemical engineering, and pertinent 
related fields—are covered carefully and concisely. A wealth of information is pre- 
sented for those who seek to understand current scientific developments such as 
atomic power, automatic control, electron tubes, radioactivity, new elements, plas- 
tics, antibiotics, amino acids, allergy, air pollution, safety, packaging, and hundreds 
of similar topics. Every industry which manufactures any type of material or prod- 
uct will benefit from this all-inclusive work covering such subjects as acids, 
additives, aerosols, anti-freeze agents, asbestos, asphalt, metals, cement, dyes, fer- 
tilizers, pesticides, oils, fat, and waxes, fuels, petro-chemicals, trademarks, patents, 
and countless others. 


Editing and Authorship Guarantee 

Highest Standards of Excellence 
GEORGE L. CLARK, Editor-in-Chief of the Encyclopedia, is Research Professor 
of Analytical Chemistry, University of Illinois. He is author of the outstanding book 
“Applied X-Rays,” the 4th edition of which was recently published. He is the 
founder of the Electron Microscopy Society of America and editor of physical 
chemistry terms in the Merriam-Webster New International Dictionary. GESSNER 
G. HAWLEY, who has been Executive Editor of Reinhold Book Division for many 
years is Managing Editor of the Encyclopedia. WILLIAM A. HAMOR, Director of 
Research, Mellon Institute, is Advisory Editor. For some years, he has been Editor 
of the world-famous American Chemical Society Monograph Series. 


Of the more than 500 top contributors from American science and industry, almost 
every one is an internationally recognized authority and also a capable writer. 
And through the editors’ determined efforts, complete coverage of the vast subject 
has been attained. 


Abounds in Illuminating Facts 
and Useful Information 
In addition to its tremendous reference value, a study of the Encyclopedia will 
provide a sound education in chemistry and tend to offset the unfortunate aspects of 
intense specialization. It will encourage further, more exhaustive reading and 


study. 
1957 1053 pages $19.50 


SEND TODAY FOR YOUR ON-APPROVAL COPY 


REINHOLD PUBLISHING CORPORATION, Dept. M-130 
430 Park Avenue, New York 22, N. Y. 
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chemist... but a constant worry to 


There goes the sulphuric acid. What else is 
in the tube? 

But those hairs of yours that are turning 
gray can go back to their natural color. The 
glassware he’s using is PYREx brand. You do 
have time to get there and check the con- 
tents of his concoction. 

The Pyrex tube your adventurous student 
is using will take the chemical and thermal 
reaction of the acid, even over the Bunsen 
flame. 

And, when he sets down that cylinder it 
won’t tip over. It has a wide-area, hexagonal 
base—exclusive, for years, on Pyrex brand 
cylinders. 


Good thing your requisitions read “PYREX 
brand labware.” Smart buying, too. Your 
school gets the best in laboratory glassware 
. . . and it actually costs less over the long 
haul. Less breakage. Less likelihood of acci- 
dents. 

Pleasant to read and extremely inform- 
ative is our newest publication, This is Glass. 
Its 64 pages explain what glass is, how it is 
made, and where it is used. Write for your 


copy. 
CORNING GLASS WORKS 
dl 76-4 Crystal Street, Corning, N.Y. 


PYREX’ laboratory ware 


. . . the tested tool of modern research 
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Here are a few “self-starters” you'll want to include 
in your fall term list- five of the more than 20,000 
items of laboratory equipment, instruments, sup- 
plies, and reagent chemicals we stock for your 
convenience. 

You have your choice of all leading brands too— 
we carry them all. 

Let WILL supply your complete needs this year on 
one order—a saving in time and effort for you. Order 
now and we’ll assemble the material, shipping it on 


BE AN “EARLY-ORDER BIRD” 


and lee Will simplify 


your Fall Term ordering chore! 


the date you specify. Thus you'll be sure of getting 
what you want when you want it. 

You'll enjoy every price advantage, too,—the 
result of our volume purchases for six warehouse 
stocks. Our 38-year old guarantee insures complete 
satisfaction as to the quality and safe arrival of 
your needs. 

Why settle for less this year? Send your list soon. 
Now there are 6 Will Lab Supply & Service Centers. 
Our newest one is at So. Charleston, W. Va. 


NEW HARVARD TRIP BALANCES 
This basic design of lab scales has been com- 
pletely modernized—at no increase in price! 

Angled beam scale and dial are easier to 
read. 

lighter, cross-braced, aluminum beam 
means less wear on knife edges, greater 
accuracy. 

Alloy base with smooth enamel finish is 
impervious to corrosive fumes. 

All balances have 2 kilo capacity, sensi- 
tivity 1/10 gm. 
3472T—Balance, Double Beam (10 gm x 1/10 gm, 200gm x 


10 gm), with stainless steel plates............+++. $22.80 
3477T—Same with opal glass plates..........seeeeeee0e 22.80 
3452T—Balance, Single Beam (10 gm x 1/10 gm), with stain- 

fees steel plates. 20.50 
3457T—Same with opal glass plates...........-seeeeeee 20.50 


"STO-A-WEIGH" STUDENT BALANCE WEIGHTS 
The ideal way to replace your old weights 

i . Sturdy Bakelite case protects 
them against the roughest handling. Weights 
are lacquered brass, satin-finished aluminum 
fractionals. Conform to new NBS Tolerances: 
Class P (old S-2) for analytical work, Class 
Q for dispensing, Class C for Trip or Torsion 
Balances. 


Will No. Class includes Price 
1mg.—50gm. $19.40 
Img.— 100gm. 22.00 
10mg.— 50gm. 8.70 
oe e 10mg.— 100gm. 10.00 
10mg.—50gm. 4.35 
10mg.— 100gm. 5.00 
39307 1 gm.—500gm. 8.80 
1gm.— 1000gm. 12.00 


IDEAL MICRO 
CENTRIFUGE 


for Chemical 
Labs 


SWITCH TO 


“POLY” 
WARE 


and 
SAVE 


Only 31 Ibs., it's portable, convenient for many 


ALL-PURPOSE VACUUM-PRESSURE PUMP 
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Speeds up to 5,000 R.P.M. 
(Precision Hi-Speed.) Effects difficult 
separations for micro and semi-micro 
analysis. Develops centrifugal force of 
3670 x gravity. Holds 8 standard 15 ml 
or smaller tubes. Angle-head totally en- 
closed. Diameter 12”, height 8”, weight 
20 Ibs. For 115V, AC/DC, 360 watts. 


CORPORATION 


and subsidiaries 


Is your annual list loaded with replace- 
ment glassware due to breakage? Order 
non-breakable polyethylene this year 
and save next year—and for years to 
come. 

Write for our complete brochure of 
polyethylene offerings: cylinders, fun- 
nels, beakers, bottles and jars. Siphons, 
centrifuge tubes, buckets and tubing too! 


lab ptocedures. Evacuates ovens and other 
@pporatus to a vacuum of 27 inches; or sup- 

pressure of 15psi continvously (up to 
25psi intermittently) for a variety of physics 
ond chemistry experiments. It's quiet in opera- 
tion, with non-pulsating air delivery, regulated 
by bleeder volves. 

Supplied with 0-30 inch vacuum gauge, 0-30 
pounds pressure gauge, inlet oiler-filter and 
outlet vapor trap. The GE 1/6 H.P. motor gives 
you a displacement of 1.3 cv. ft. per minute. 
22691—Vacuum and Pressure Pump, 

115 volts AC... $77.50 


Specialists in @ Scientific Supply 
ROCHESTER 3, N.Y. © ATLANTA 1, GA. + NEW YORK 12, N.Y. © BALTIMORE 24, MD. + BUFFALO 5, WY. 
$0. CHARLESTON 3, W. VA. 
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KIMBLE PIPETTES AND BURETTES 


Every Kimble Pipette 
and Burette is individ- 
ually retested. 


The size of the orifice of delivery 
tips is controlled to deliver contents 
accurately. Stopcock plugs on all 
Kimble burettes are precision- 


ground to assure leak-proof fit. 


All Kimble Pipettes and Burettes 
are thoroughly annealed to increase 
mechanical strength. They are in- 
spected in a field of polarized light 
to insure effectiveness of annealing. 
Graduation lines are fine and sharp 


Kimble 1. 


KIMBLE LABORATORY GLASSWARE 
AN 1) PRODUCT 


MCA Burette No. 17097 
Volumetric Pipette No. 37000 


with fused-in permanent opaque 
color to permit easy and precise 
reading. 

There is a Kimble glassware item 
available to fill every laboratory 
need. Your laboratory supply dealer 
is ready with complete information. 


is fe by Kimble Glass Company, subsidiary of Owens-Illinois 


GENERAL OFFICES + TOLEDO 1, OHIO 


JOURNAL OF CHEMICAL EDUCATION 


Pe 
ware 
P ble giass 
accuracy, 
if your wo 
HO 
By 
the 
cha 
tim 
tro 
brid 
Glassware 


incredible... but absolutely true! 


For the first time ever, here is the only ther- 
mometer which covers a range from—100°C 
to 900°C, with .01°C sensitivity and digital 
reading of temperature directly. 


ture directly - no calculations necessary 


High Accuracy 
-10°C up to 400°C .20°C up to 900°C 
Each resistance bulb and bridge individually cali- 
rate 
P Vacuum sealed platinum elements and leads in resist- 
ance bulb: 
¢ Hermetically sealed head 


ELECTRONIC Plug-in controller accessory with 08°C reproducibility. 


Resistance Thermometer 


HOW IT WORKS: PRICE LIST: 


By means of a special circuit in the Wheatstone bridge, 23525 = Electronic Resistance Thermometer without 
the reading of the balancing variable resistor is made to 
follow a second degree relationship corresponding with the he 
change in resistance of platinum with temperature. This brated 

gives a direct reading instrument which eliminates the : 1 Bulb, onl 

time consuming calculations normally required with high Stainless Stee! Bulb, only 


brides ome permits rapid and precise balancing of the Temperature controller, only 


20-26 N. MOORE STREET, DEPT. 222, NEW YORK 13, N. Y. 
VOLUME 34, NO. 4, APRIL, 1957 


: 
\\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 2 
NN \ 
read tempers 
37000 
aque 
ecise 
-atory 
dealer 
ation. 1105.00 
395.00 
395.00 ; 
ATION A153 


@ To Compensate For Heat Loss on 
Pipes and Tanks 


@ For Conveyor Heating 
@ For Immersion Heating 


@ For Frost Prevention 


PIPE HEATERS 


“HEAT FOR SCIENCE AND INDUSTRY— 


where you want it . . . when you want it!” 


Standard Scientific now introduces in the 
United States this new addition to the range 
of flexible heating devices developed by 


Electrothermal’. 


Pipe Heaters are a heating network sealed 
into high-temperatures-resisting-grade P.V.C. 


The cable is completely waterproof and pro- 


vides a simple, efficient means of heating 
pipes in any position. 


Pipe Heater tapes are '/s-inch wide and will 
operate to a maximum temperature of 100° C 
when used in conjunction with a suitable 
controller, such as the ‘““Powerstat’. Tapes 
may be joined end-on to a maximum of 400 
feet from one center feed point when con- 
nected in form. 


Catalog No. Length, feet 


Approx.watts 


Volts 


JC65105 12.5 


87.5 115 


115 
115 
230 


JC55105A 
JC65105B 50 
JC65105C 


175 
350 
700 


LasoraTory 
APPARATUS 


REAGENTS 
AND 
CHEMICALS 


STANDARD SCIENTIFIC 


808 
NEW YORK 3, N.Y 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


NEW APPARATUS AND 
EQUIPMENT 


p Very high sensitivity (25 mg.) combines 
with high capacity (2 kg.) in the im- 
proved Model 07B laboratory balance 
announced by Henry Troemner, Inc., 911 
Arch St., Philadelphia 7, Pennsylvania. 


» The Cahn Electrobalance is a radically 
new type of microbalance based on a 
novel application of Ampere’s Law, in 
which sample weight is balanced by torque 
applied by an electric current in a mag- 
netic field. Because the balance beam is 
always returned to the same _ position, 
torque is exactly proportional to current. 
Contact the Cahn Instrument Co., 7712 
Danvers St., Downey, California, for 
further information. 


>» The Crystalab Ionimeter Model CT-21 
for determining ionic purity of water 
comes equipped with a D’Arsonval meter 
with direct reading dial graduated 0 to 50 
in parts per million as NaCl. This scale 
range converted into electrical resistance 
is 5,000,000 to 0 ohms. Available from 
Crystal Research Laboratories, 29 Allyn 
St., Hartford 4, Connecticut. 


> A specially designed laboratory and 
pilot plant autoclave for use in conducting 
reactions at high pressures and under 
severe corrosion conditions is described in 
The Pfaudler Company’s Bulletin No. 939. 
Write to them 1029 West Ave., Rochester, 
New York. 


> A new series of nitrogen cryostats, 
which can cool infrared detectors to ap- 
proximately — 196°C, has been developed 
by the Engineering & Optical Div., Perkin- 
Elmer Corp., Norwalk, Connecticut. 


> Analytical Measurements, Inc., 
Chatham, New Jersey, offers a kit which 
provides materials for making nine 500 ml. 
bottles of buffer solutions with pH 4, 7, 
and ‘) for standardizing of the pH meter. 


> An easy-to-install, automatic alarm 
unit that instantly sounds a warning 
buzzer when an unsafe temperature is 
reached in refrigerators, freezers, steri- 
lizers, brooders, incubators, vaults, etc., 
where temperature maintenance is critical 
has recently been developed by Mack 
Electric Devices, Inc., Wyncote, Pennsyl- 
Vania. 
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p> A new type of non-clogging flow-thru 
solution conductivity cell is announced by 
Industrial Instruments, Inc., 89 Commerce 
Rd., Cedar Grove, New Jersey. 


> Arthur F. Smith Co., 311 Alexander 


St., Rochester 4, New York, announces 
the development of a new Indicating 
Pyromillivoltmeter. The instrument, an 
accurate precalibrated chermocouple py- 
rometer, features a large, easy-to-read dial 
that is dual-calibrated, from zero to 750 
degrees F. and from zero to 400 degrees C. 


> Edmund Scientific Co., Barrington 21, 
New Jersey, offers a pocket measuring 
magnifier calibrated in inches and milli- 
meters for determining linear dimensions, 
diameters, radii and angles. 


> Beckman Instruments, Inc., Fullerton, 
California, announces the development of 
a new type of infrared spectrophotometer, 
the IR-6, a low cost automatic recording 
instrument expressly designed for the 
analytical and organic chemist. 


> Purification by ion-exchange to produce 
water with resistance of over 1,000,000 
ohms per C.C. is now made possible with 
the new Barnstead MM-O Mixed-Bed Re- 
generative Demineralizer. For informa- 
tion write manufacturer, Barnstead Still & 


(Continued on page A157) 


for every 
laboratory 
application 


Tygon Tubing, Formulation R-3603, is the 


@ Glass clear 


original transparent plastic tubing specif- 


ically developed to handle virtually every 


@ Chemically inert 
Tough 

® Flexible 

@ Easy to handle 


laboratory requirement. Flexible as string, 
Tygon makes tough lab. set-ups easy. Its 
glass-clear transparency permits better 
process control. Now in standard use 
among laboratories all over the world, 
versatile Tygon Tubing is available in 
more than 60 sizes. 


From laboratory supply houses everywhere 


PLASTICS AND 
SYNTHETICS DIVISION 


495-E 


U. S. ST 


AKRON 9, OHIO 
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PROGRESS IN 


CHROMATOGRAPHY 1 


MULTIPLE SAMPLE ANALYSIS 
P For systematic analysis—both qualitative and quantitative— 
Paper Chromatography is proving to be faster and less costly 
than instrumentation. The technique is simpler. It is effective 
with macro or micro quantities. It often overcomes the mask- 
; ing of one constituent by another; and it presents the separ- 
? ated material in an exceptionally pure state. 
Basically, the method consists in placing the samples to be 
analysed on strips of specially prepared filter paper. A suit- 
able solvent is applied, and the solutions flow by capillary 
action, aided by gravity, along their respective strips. Separ- 
ation takes place progressively along the line of flow, and 
" numerous methods can be used for identification and esti- 
mation. In the case of metals, an obvious answer is the appli- 
cation of reagents which reveal the metals as bands of colour. 
Visual comparison can then be madc with control ‘Chroma- 


tograms. 


SOIL ANALYSIS IN THE FIELD 


Paper Chromatography is today a valued tool in the hands 
of the geochemical prospector. It is being widcly used in 
Africa—particularly in Rhodesia and Sierra Leone, in pros- 
pecting for copper, nickel and cobalt. 

With the lightest and simplest of apparatus it is possible to 
make as many as 80 analyses a day on the spot. One win- 
chester of solvent will serve for up to 10,000 separations; 
sheets of standard Chromatograms replace a multiplicity of 
testsolutions. With the operation reduced toa routine, serious 
error is almost an impossibility; and the test Chromatograms 
become useful records which remain stable for months. 
Progress reports on Chromatography in preparation include: 
Separation of large Molecules by Electrophoresis 

Continuous Application of Electrophoresis 

Column Chromatography using Cellulose Powder 
Chromatography in Forensic Science 


Now that you have read this report it may occur to experience in this specialised field is at your full 
you’ that Chromatography can help you in your disposal. Discuss the possibilities of Chromato- 
research or production programme. If so, our long graphy with 


H. REEVE ANGEL & CO., INC. 
52 Duane St., New York 7, N. Y. 


WHATMAN FILTER PAPERS 
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Demineralizer Co., 108 Lanesville Terrace, 
Boston 31, Massachusetts. 


p A new, high-efficiency, portable air 
cleaner which eliminates over 99% of all 
dust, smoke, pollen, bacteria, and other 
air borne particles, has been announced by 
Raytheon Mfg. Co., of Waltham, Massa- 
chusetts. 


@ Fisher Scientific Co. offers a new bulle- 
tin, 'S-264, Sterrers, Mixers and Shakers, 
describing this equipment and is available 
from their offices at 711 Forbes St., Pitts- 
burgh 19, Pennsylvania. 


@ Recognizing the fact that palatability 
is now generally considered to be an essen- 
tial characteristic of the medicinal product, 
Fritzsche Brothers, Inc., 76 Ninth Ave., 
New York 11, N. Y., essential oil and 
flavor manufacturer, has announced pub- 
lication of a comprehensive, easy-to-use, 
52-page reference manual for the manu- 
facturers of ethical and proprietary medi- 
cines. 


@ Two newly imported lines, Jena and 
Haldenwanger fine West German labora- 
tory glassware, are highlighted in a new 
inclusive catalog issued by Kern Labora- 
tory Supply Co., 8639 Venice Blvd., Los 
Angeles 34, California. 


@ A new booklet, Piperazine, published 
and available from the Technical Service 
and Development Dept. of the Dow 
Chemical Go., Midland, Michigan, de- 
scribes the properties, reactions and uses 
of this compound. 


@ New folder, identified as Price List M, 
by Bio-Rad Laboratories, 800 Delaware 
St., Berkeley, California, contains—in 
addition to price information on analytical- 
grade anion exchange resins, cation ex- 
change resins, and monobed resins and 
considerable additional data of potential 
value to the laboratory worker. 


@ More Zr Facts, a new bi-monthly 
brochure by Carborundum Metals Co., 
Akron, New York, is now available on 
request. 


@ The Coffee Brewing Institute, Inc., 
551 Fifth Ave., New York 17, N. Y., pre- 
sents publication $17, On the Color of 
Coffee, describing accurate instrumental 
measuring of the color of roasted and 
beverage coffees. 


@ A 16-page catalog No. 1957 which de- 
scribes Leiman rotary positive air end 
vacuum pumps, gas boosters, and air 
motors is available from Leiman Bros., 
Inc, 102 Christie St., Newark 5, New 
Jersey, 

@ A new brochure has been published by 
the Compressed Gas Association, Inc., 
Which describes the organization’s pur- 
poses, accomplishments, organizational 
structure, ete. Copies may be had by 
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addressing the Association, 11 West 42nd 
St., New York 36, N. Y. 


@ New facilities at the Teco Laboratory 
are shown in a new pictorial, Growth—the 
Mirror of Progress, available without 
charge, from Timber Engineering Co., 
1319—18th St., N. W., Washington 6, 
D.C. 


@ Manufacturing methods, applications, 
and the history of glass are explained in a 
just-published colorful brochure entitled, 
This is Glass. The new publication deals 
with such topics as ‘What is Glass?’ 
“‘How Is Glass Made?” and “How is Glass 
Used?” The brochure is available without 
charge from Corning Glass Works, Cor- 
ning, New York. 


@ Copies of a booklet on paper chro- 
matography and electrophoresis equip-~ 
ment may be obtained by writing to Cen- 


tral Scientific Co., 1700 Irving Park Rd., 
Chicago, Illinois. Ask for Bulletin 80. 


@ Newly published catalog available from 
the Volk Radiochemical Co., 5412 N. 
Clark St., Chicago 40, Illinois, is believed 
to contain the largest number of labeled 
compounds ever offered by any single 
source. 


@ Fischer & Porter Company, Hatboro, 
Pa., has just issued a new 16-page catalog 
describing its line of Lab-Crest glassware, 
fabricated from Pyrex® brand glass. 

Catalog 80C100 gives specifications and 
prices of Lab Crest precision-bore bu- 
rettes in a variety of types and graduation 
intervals. Included as well are aspirator 
bottles, gas collecting tubes, Karl Fischer 
apparatus, separatory funnels, nitrom- 
eters, manifolds and stopcocks. 


(Continued on page A159) 


with (2 FLEXIHOOD 


Kewaunee’s Safe, Movable, Clear-View Fume Hood 


Put it where you want it. Kewaunee’s FLEXIHOOD is easily 
moved—within a lab and from room to room. With one 
low-cost unit, you can provide ail your science departments 
with safe, sure fume removal. j 

Glass paneled front and rear, the FLEXIHOOD is an ex- 
cellent lecture-demonstration unit that provides all students 


conducted. 


REPRESENTATIVES IN 
PRINCIPAL CITIES 


with an unobstructed view of the experiment as it is being 


FLEXIHOOD is remarkably compact—36%2” wide (43” 
with attached blower), 25” high, 20” deep. It requires no 
expensive installation for blower and duct system and does 
not need fixed mechanical services. 


Write for FREE brochure giving complete details and 
specifications on the efficient, portable FLEXIHOOD. 


KEWAUNEE MANUFACTURING CO. 
5014 S. Center St., Adrian, Michigan © 


© 
Serve ALL Science labs 
\ 
>, 
| 
| 
| 
als? 


“PERFECT COMPANIONS” 


Laboratories requiring top efficiency and economy in handling 


thousands of pipettes need this hustling pair! 


The Jamous Boekel 


PIPETTE WASHER 


SAVE PIPETTES 


The New Boekel 


PIPETTE DRYER 


* 
SAVE MONEY 


* 


* 
SAVE NERVES 


* 


SAVE MAN-HOURS 


ALL STAINLESS STEEL 


THE BOEKEL STAINLESS STEEL PIPETTE WASHER 
sends a continuous flow of fresh, clear water around and 
through the fragile pipettes, cleaning them easily, quickly 
and safely. A time and money saver for all serological, 
bacteriological and clinical laboratories! 


Complete filling and emptying of the cylinder and its 
contents is accomplished in approximately one minute 
with a 3-gallon per minute water supply. Cycling is silent, 
automatic and continuous even when the water runs as 
slowly as 1% gallons per minute. 


THE BOEKEL PIPETTE DRYER is the new, all stainiess 
steel companion to the well-known Boekel Pipette Washer. 
It will completely evaporate the moisture from a batch of 
pipettes by circulating hot air over all surfaces. 

The time required is one hour, more or less, depending 
upon the size and quantity of pipettes. Moisture is re- 
leased through the vented top, ingeniously mounted 
on the cylinder for easy opening and closing. 

Apparatus is heated by 225 watt, 115 volt unit controlled 
by a toggle switch. 

For convenience there is a neon pilot light, and for safety 
a cord and plug with ground. 


Both accommodate any length pipette up to 375 mm. 


SEE YOUR LABORATORY SUPPLIER NOW! 


WML BOEKEL & CO., INC. 


PHILADELPHIA 6, PA 
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All apparatus features F&P’s Lab- 
Crest stopcock which utilizes a chemically- 
in-rt plug of Teflon.® The self-lubricat- 
ing property of the Teflon plug assures 
“f,eeze-proof”’ operation, no leakage and 
no danger of product contamination. 

Copies of the new Catalog are available 
on request from Fischer & Porter Co., 10 
Jacksonville Rd., Hatboro, Pennsylvania. 


@ \ pocket-sized, 12-page booklet pub- 
lished by Clay-Adams, Inc., New York, 
describes the characteristics and uses of a 
new water-soluble silicone concentrate 
marketed under the company’s registered 
trade name, “‘Siliclad.”’ 

Interesting general information on sili- 
cones is also given, as well as a detailed 
list of references. The booklet is avail- 
able on request from Clay-Adams, Inc., 
141 East 25th Street, New York 10, N. Y. 


@ The Matheson Coleman and Bell 1957 
Chemical Catalog is now ready for distri- 
bution. The new catalog lists over 4,000 
chemicals manufactured and distributed 
by M C & B, including fine Organics, 
Inorganic Reagents, Indicators and certi- 
fied Biological Stains. The catalog may 
be obtained by writing Matheson, Cole- 
man and Bell, 2909 Highland, Norwood 
12, Ohio, or East Rutherford, New 
Jersey. 


@A new 16-page catalog of laboratory 
analytical instruments has been published 
by the Perkin-Elmer Corp., Norwalk, 
Connecticut. The catalog describes the 
company’s line of infrared and ultra- 
violet spectrophotometers, monochroma- 
tors, flame photometers, vapor fractom- 
eters, as well as accessories and instru- 
ment components available for use with 
them. Also included is a brief descrip- 
tion P-E’s process control instruments. 


MISCELLANY 


* The Council for Basic Education which 
was incorporated in July of 1956 in the 
District of Columbia is a non-profit educa- 
tional organization to initiate and support 
measures in the field of public education. 
Among their objectives are: adequate in- 
struction in English, mathematics, science, 
history and foreign languages; that 
teachers are thoroughly educated in the 
subjects they teach and that school 
administrators be encouraged and sup- 
ported in resisting pressures that wish to 
divert school time to activities of minor 
educational significance. Headquarters 
for this group is Union Trust Building, 
15th and H Sts., N. W., Washington, D.C. 


* Po-itions on the civilian faculty at the 
U. 8. Naval Academy are available on or 
after July 1957. Detailed information is 
availal le from Dr. Henry H. Baker, Jr., 
Professor of Chemistry, United States 
Naval Academy, Annapolis, Maryland. 


% Two new standard samples of nickel 
oxide powder are now available from the 
Stand::rd Sample Clerk, National Bureau 
of Standards, Washington 25, D.C. The 
fee is $ 1.00 per 25 gram sample. Although 
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Clean, Straight Breaks Made Simply and Quickly 


with the 


Welch Hot-Wire-Type Glass Tubing Cutter 
e Cuts Pyrex-Brand Glass or Soft Glass e Adjustable Heating Current 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former. The scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is required. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4!/2 x 9 inches high. 


Each, $29.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


1515 Sedgwick Street, Dept.D-1 Chicago 10, Illinois, U.S. A. 


ESTABLISHED 1880——————— 


BLUE M LINE 


NO MOTORS + NO STIRRERS! 
100% WORKING SPACE © WIDE RANGE OF TEMPERATURES 


Magni-Whirl Baths OBSOLETE con- 

New! ventional baths using motors and 
which allow only «4 pertiel working 
space. 


Magni-Whirl Baths have built-in auto- 
matic stirring end circulating systems 


for maximum uniformity and superior 


results. Ma ic pumping action gives automatic 
ignetic 


~ Ky in all areas of bath—irrespective of 


«  Magni-Whirl Baths available for 
ALL NEEDS — COMPETITIVELY PRICED 
© Utility Water Baths (100°C.) 
© Visibility Jar Baths (70° and 100°C.) 
Utility Oil Baths (180° and 260°C.) 
© Refrigerated Baths (0° to 4+ 100°C.) 
© Super-sensitive Baths (100°C.) 
©’ Hydrometer Jar Baths (70°C.) 


MORE CONVENIENT © SAVES COST AND TIME © MORE EFFICIENT 


BLUE M ELECTRIC CO. 20» ans st. sue 


Manufacturers of ovens, furnaces and related temperature 


equipment, 


ouUT OF THE | 
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NALGENE [ii] 
unbreakable graduated cylinders 


NALGENE again proves its superiority 

in laboratory practice. Because they are light, 
they are easier to handle. Because 

they are NALGENE, they cannot break. 

This completely new series of six graduates 
is manufactured closely to glass graduate 
specifications-and standard dimensions. 
Octagonal bases prevent rolling. 

They may be autoclaved 

under standard conditions. 


Ask your dealer for our new catalog E-956. 


Cap. mi. 25 | 50 | 100 | 250 / 500 
Subdiv.,mi.{| 1 2 5 10 20 


Each 3.20 | 3.40 | 3.90 | 4.50 | 6.50 
Discount: Less 10% in lots of 12 per size 


ROCHESTER 2, N.Y. 


WORLD'S LARGEST FABRICATOR OF POLYETHYLENE LABORATORY WARE 


Laboratories 
use 
Matheson 
Compressed 


Gases 


1. SAFER, SIMPLER HANDLING 


Higher purity Matheson Compressed Gases in convenient cylinder 
sizes save time and trouble in the laboratory. No unwieldy, leaky gas 
generators. Simply mount the cylinder in the hood or on or by the 
laboratory bench. Thru the use of Matheson precision-tested pressure 
regulators and valves, tailored for individual gas use, handling becomes 
simpler, safer, and quicker. 


72 GASES AND CUSTOM MIXTURES IN 5 CYLINDER SIZES 


The Mathes Company, Inc. 


Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 
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designed primarily as _ spectrographi:- 
standards, they also are useful as chemic:! 
standards. Analyzed and certified for 
nine minor and trace elements, the stanc- 
ards are intended for checking and cali- 
brating spectrochemical and chemic:| 
methods employed in the analysis of 
nickel, particularly cathode-grade mate- 
rial. 


* The following reports on research on 
radiation sterilization of foods, conducted 
for the Armed Forces, are available |)y 
number from the Office of Technical Serv- 
ices, U. 8S. Dept. of Commerce, Washing- 
ton 25, D. C. PB 121300 Chemical 
Changes in Protein of Sterilized Meat. 
8. W. Fox, Iowa Agricultural Experiment 
Station, Iowa State College of Agriculture 
and Mechanic Arts. Apr. 1954-Sept. 
1955... 22 pages. 75 cents. PB 121304 
Changes Produced in Lipid Materials by 
High Energy Radiations. W.O. Lundberg 
and others, University of Minnesota 
Hormel Institute. Apr. 1954-Aug. 1955. 
29 pages. 75 cents. PB 121305 Develop- 
ment of a Method of Radiation Sterilization 
of Foods Without Adverse Flavor and 
Chemical Changes. B. E. Proctor and 
others, Massachusetts Institute of Tech- 
nology. Apr. 1954-Aug. 1955. 109 pages. 
$2.75. PB 121306 Inhibition of Enzymatic 
Activity in Irradiated Foodstuffs. D. E. 
Green and others, University of Wisconsin 
Institute for Enzyme Research. Jan— 
Dec. 1955. 26 pages. 75 cents. PB 
121309 Chemistry of Color, Flavor and 
Odor Changes in Irradiating Meat. B.S. 
Schweigert and others, American Meat 
Institute Foundation. Apr. 1954—Sept. 
1955. 16 pages. 50 cents. PB 121310 
Chemical and Organoleptic Changes in 
Carbohydrates and Proteins Produced by 
Radiation Sterilization. M. L. Wolfrom 
and others, The Ohio State University Re- 
search Foundation. Apr. 1954—Oct. 1955. 
79 pages. $2. 


%* Scientific and engineering career oppor- 
tunities in the optical industry are de- 
scribed in a new manual, Opportunities 
Unlimited, published by the Bausch & 
Lomb Optical Co., 635 St. Paul St., 
Rochester, New York. Ask for Booklet 
L-199. 


* “If you are old enough to eat your 
cereal for the cereal not the prizes, you 
remember rubber as a mixed blessing— 
garden hoses wearing more bandages than 
a race horse’s legs.’’ So begins, “I 
Remember Rubber’’ by George 8. Albee 
in the Dec.-Jan. 1957 DuPont Magazine. 
It is a brief story of the first successful 
synthetic rubber Neoprene. 

% A new product, which promises to 
eliminate many of the problems associated 
with smooth and economical soldering of 
heat-exchanger equipment, was recently 
announced by Aluminum Co. of America, 
Alcoa Bldg., Pittsburgh, Pennsylvania. 
Zinc-clad aluminum alloy, long in the re- 
search and development stage, is now 
available for the first time in commercial 
quantities. 
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Unretouched photographs taken during the incineration 
: of S&S Ash-Free Analytical Filter Paper 


Piatinum crucible with 20 gr. 
* $&S Ash-Free Analytical Filter Paper. 


2. Ash at end stage of incineration. 


&. Crucible after completed incineration, 


Ask for S&S “Ash-Free” Analytical Filter Papers 


For many years S&S Ash-Free Analytical Filter 
Papers have been known for their extremely low 
ash content. They have been the choice of 
chemists who must have the most precise work- 
ing tools. 

To our knowledge, there is no filter paper with 
lower ash content on the market. In fact, ash con- 
tent of S&S Quantitative Papers is considerably 


lower than all other papers we have tested — less 
than 0.0072. 


MAKE YOUR OWN TESTS 
with « 


EE S&S SAMPLER 
Mail the coupon for a free S&S Filter 


Paper Sampler made up of many grades. 
There is no obligation. 


BIGH QUALITY 
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And, improved S&S methods of research coupled 
with rigid quality control methods, assure mainte- 
nance of S&S low ash standards lot after lot, for 
unsurpassed precision. 

Ask your laboratory supply house for S&S Analyti- 
cal Filter Papers—the finest, most precise filter 
paper you can specify. Yet S&S quality costs no 
more. If you would like to receive a free S&S 
Filter Paper Sampler, described on this page, just 
mail the coupon below. y 


Carl Schleicher & Schuell Co. 


Dept. JC-47, Keene, New Hampshire 


Please send me, free, an S&S Filter Paper Sampler. 
Name. 


Company. 
Address_ 


City. 
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Molecular Models orcanic structure 


These well known model sets designed by Professors Wallace R. Brode and 
Cecil E. Boord of Ohio State University and Professor Charles D. Hurd of 
Northwestern University have proven to be of great assistance in helping the 
student of organic chemistry visualize three dimensional structure. 

Discussed a length in “Journal of Chemical Education Vol. 9, page 1774, 1932” 
they present a clear and impressive concept of valence and molecular structure 
and are available now at a price which permits individual student ownership. 

Atoms are represented by colored enamel balls drilled to receive connecting 
bonds. Carbon to carbon, carbon to nitrogen and other linkages are represented by 
2% inch wooden pegs. Carbon to hydrogen, carbon to chlorine or other sub- 
stituent univalent linkages are represented by 114 inch wooden pegs. Multiple 
bonds, ring structure linkages, flexible bonds and unsaturated linkages are 
represented by 2 inch helical springs. 

The complete set consists of the following parts: 

10 black balls to represent carbon atoms 

2 light blue balls to represent nitrogen atoms 
28 yellow balls to represent hydrogen atoms 
6 red balls to represent oxygen atoms 

4 green balls to represent chlorine atoms 

2 orange balls to represent bromine atoms 

2 purple balls to represent iodine atoms 


A supply of 2% inch wooden pegs to represent carbon to carbon, carbon to 
Model to Parag nitrogen or other bonds. 
specification of and may be used in . A supply of 1% inch pegs to represent carbon to hydrogen bonds and carbon 
conjunction with, “LABORATORY to chien or other substituent univalent linkages. 
OUTLINES AND NOTEBOOK FOR A supply of 2 inch helical springs to represent multiple bonds or for forming 
ORGANIC CHEMISTRY,” by Boord, ring structures 
Brode and Bossert, published by 
John Wiley and Sons Inc. $-61815 MOLECULAR MODELS—Organic Structure, Student Set, 
Complete as described. 
Per set 
Per 3 sets 
Per 12 sets 
Per 72 sets 


SARG E N I SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES + CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
Catalog Ho. 100 MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
Yow rbuatable SQ@UTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, AlA 
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4 quality manufactured at Mallinckrodt , 


at 
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UNIFORM PURITY 
UNIFORM RESULTS 


careful testing 


4 
: 


UNI FORMITY in methods and manufacturing 


Creating analytical reagents of uniform purity is the result of 
careful selection of raw materials, controlled manufacturing 
methods and years of experience. To this Mallinckrodt adds high 
standards of testing. 


UNIFORMITY on the sheif with STORMORs 


STORMOR bottles fit safely in your hand. They save space on the 
shelf, and the labels always face front. Only Mallinckrodt 
packages analytical reagents in STORMORs. 


UNIFORMITY on the label 


AR labels are designed to be read at a glance. Precautionary 
statements (when necessary) are on the left panel of the label. 
Purity information is always on the right panel of the label. 


YOUR LIST OF AR DISTRIBUTORS — 


SOK Can 
UNIFORMLY, nave 


BETTER RESULTS WHEN YOU 
SPECIFY 


2 


IN SPACE-SAVING, EASY-TO-HANDLE 


SAY 
\ \ 


| 
BEES 


= 
| 
f 
) Hy 1 LB. 
POTASSIUM 
ANALYTICAL REAGENT 
a. 


Albany, N. Y. 

ALBANY LABORATORIES, INC. 

KRACKELER & CAMPBELL, INC. 
Albuquerque, N. M. 

NEW MEXICO CHEMICAL SURGICAL CO. 
Ann Arbor, Mich. 

EBERBACH & SON COMPANY 
Atlanta, Ga. 

A. S$. ALOE COMPANY (Chamblee) 

SCIENTIFIC LABORATORY SUPPLY CO. 

SCIENTIFIC PRODUCTS (Chamblee) 

Division of American Hospital Supply Corp. 
Baltimore, Md. 

HENRY B. GILPIN COMPANY, INC. 
Birmingham, Ala. 

CENTRAL SCIENTIFIC COMPANY 
Bloomfield, N. J. 

SCIENTIFIC GLASS APPARATUS CO., INC. 
Boston, Mass. 

CAMBOSCO SCIENTIFIC COMPANY 


CENTRAL SCIENTIFIC COMPANY (Cambridge) 
MACALASTER BICKNELL COMPANY (Cambridge) 


Charleston, W. Va. 
B. PREISER COMPANY, INC. 


Chicago, Ill. 

CENTRAL SCIENTIFIC COMPANY 

CHICAGO APPARATUS COMPANY 

SCIENTIFIC PRODUCTS (Evanston) 

Division of American Hospital Supply Corp. 

W. M. WELCH MFG. COMPANY 
Cincinnati, Ohio 

HARSHAW SCIENTIFIC 

Division of Harshaw Chemical Co. 
Cleveland, Ohio 

HARSHAW SCIENTIFIC 

Division of Harshaw Chemical Co. 
Columbus, Ohio 

KAUFFMAN-LATTIMER COMPANY 

ORR, BROWN & PRICE COMPANY 
Dallas, Texas 

W. H. CURTIN & COMPANY 

SCIENTIFIC PRODUCTS 

Division of American Hospital Supply Corp. 
Denver, Colo. 

THE MINE & SMELTER SUPPLY COMPANY 
Detroit, Mich. 

HARSHAW SCIENTIFIC 

Division of Harshaw Chemical Co, 
Durham, N. C. 

CARDINAL PRODUCTS, INC. 
El Paso, Texas 

THE MINE & SMELTER SUPPLY COMPANY 
Erie, Pa. 

HEYL PHYSICIANS SUPPLY COMPANY 
Fort Worth, Texas 

INDUSTRIAL SCIENTIFIC, INC. 

TERRELL SUPPLY COMPANY 
Harrisburg, Pa. 


CAPITOL SCIENTIFIC DIVISION 
Capitol Surgical Supply Co. 


7,MISSOURT © NEW YORK 8, NEW YORK MONTREAL 1,P.Q., CANADA 


FROM THESE DISTRIBUTORS...YOUR SOURCE OF GOOD SERVICE 


Houston, Texas 
HARSHAW SCIENTIFIC 
Division of Harshaw Chemical Co. 
INDUSTRIAL SCIENTIFIC, INC. 
REFINERY SUPPLY COMPANY 


Jacksonville, Fla. 
AMICA-BURNETT CHEMICAL & SUPPLY CO. 
MEDICAL SUPPLY CO. OF JACKSONVILLE 
SURGICAL SUPPLY COMPANY 


Kansas City, Mo. 

CHICAGO APPARATUS COMPANY 
Linden, N. J. 

ACE SCIENTIFIC SUPPLY CO., INC. 
Los Angeles, Calif. 


CENTRAL SCIENTIFIC COMPANY 


HARSHAW SCIENTIFIC 
Division of Harshaw Chemical Co. 


LOS ANGELES CHEMICAL COMPANY (Southgate) 


SCIENTIFIC PRODUCTS (Burbank) 

Division of American Hospital Supply Corp. 

WHOLESALE SUPPLY COMPANY 
Louisville, Ky. 

B. PREISER OF KENTUCKY, INC. 
Memphis, Tenn. 

KAY SCIENTIFIC 

Division of Kay Surgical Co. 
Miami, Fla. 

BISCAYNE CHEMICAL LABORATORIES, INC. 

MEDICAL SUPPLY COMPANY 
Milwaukee, Wis. 

LAABS, INC. 

FRED PORTZ & SON (Waukesha) 
Minneapolis, Minn. 

GEORGE T. WALKER & COMPANY, INC. 


Millville, N. J. 


MACALASTER BICKNELL CO. OF N. J., INC. 


Mountainside, N. J. 
CENTRAL SCIENTIFIC COMPANY 


New Haven, Conn. 


MACALASTER BICKNELL CO. OF CONN., INC. 


New Orleans, La. 


CONSOLIDATED DRUG & CHEMICAL COMPANY 


New York, N.Y. 
AMEND DRUG & CHEMICAL CO., INC. 
FISHER SCIENTIFIC COMPANY 
LISSCO SCIENTIFIC CO. 
E. MACHLETT & SON 
PALO LABORATORY SUPPLY COMPANY 


SCIENTIFIC PRODUCTS 
Division of American Hospital Supply Corp. 


STANDARD SCIENTIFIC SUPPLY CORP. 


Odessa, Texas 
INDUSTRIAL SCIENTIFIC, INC. 


Omaha, Neb. 
MILLER CHEMICAL COMPANY 


Orlando, Fla. 
MEDICAL SUPPLY COMPANY 


Paterson, N. J. 
GENERAL LABORATORY SUPPLY CO. 


Philadelphia, Pa. 


HARSHAW SCIENTIFIC 
Division of Harshaw Chemica! Co. 
HARTMAN-LEDDON COMPANY 


Phoeniz, Ariz. 
CLICO LABORATORY & X-RAY supp, 


Pittzburgh, Pa. 
BURRELL CORPORATION 
FISHER SCIENTIFIC COMPANY 


Portland, Ore. 
SHAW SURGICAL COMPANY 


Poughkeepsie, N. Y. 
DUSO CHEMICAL COMPANY, INC. 


Providence, R. I. 
EASTERN SCIENTIFIC COMPANY 


Richmond, Va. 
PHIPPS & BIRD, INC. 


Rochester, N. Y. 
BIOLOGICAL SUPPLY COMPANY 


Sacramento, Calif. 
CENTRAL VALLEY SCIENTIFIC COMP 


St. Louis, Mo. 


ALOE SCIENTIFIC 
Division of A. S. Aloe Compony 
FISHER SCIENTIFIC COMPANY 


Salt Lake City, Utah 
THE MINE & SMELTER SUPPLY CO! 
WASATCH CHEMICAL COMPANY 


San Francisco, Calif. 
A. S. ALOE COMPANY OF CALIFO 
CENTRAL SCIENTIFIC CO. (Santa 


SCIENTIFIC PRODUCTS 
Division of American Hospital Supply C4 
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Silver Spring, Md. 
FISHER SCIENTIFIC COMPANY 


Spokane, Wash. 
C. M. FASSETT COMPANY 


Syracuse, N. Y. 
MACALASTER BICKNELL CO. OF N.’ 


Tampa, Fla. 
ANDERSON SURGICAL SUPPLY CO 


Tonawanda, N.Y. 
SCIENCE KIT 


Trenton, N. J. 
PARA LABORATORY SUPPLY COM? 


Tulsa, Okla. 
CHEMICAL PRODUCTS, INC. 
REFINERY SUPPLY COMPANY 


Washington, D.C. 
HENRY B. GILPIN COMPANY, INC 


Wichita, Kan. 
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FOR YOUR 


INFORMATION 


> ball-point inks 


> odor control 


> biological grade chemicals 


Ball-point inks 


If you drew a continuous, un- 
broken line with a ball-point pen 
until its ink supply was exhausted, 
the line would be two to three 
miles long. Enough to write 50,000 
to 70,000 words, compared with 
the 2,500 to 4,000 words you get 
from the same amount of fountain 
pen ink, 

Because you would be exhausted 
long before your ink supply, a me- 
chanical scriber—which produces 
those mysterious zig-zag lines 
above—is used to test hundreds of 
ball-point ink formulations. 


The amazing number of words 
coming from a ball-point pen has 
enabled ball-points to roll past 
both fountain pens and mechanical 
pencils to become the most com- 
monly used writing instruments 
today. 

This would not be so if the ball- 
point pen remained unchanged, 
still staining, skipping, smearing, 
drying up. A better mechanical 
tool was needed to start with. 

Once accomplished, the ink be- 
came the most important element, 
and synthetic organic chemists 
turned to the key element—the 
colorant—which is half of the en- 
tire ink formulation. 


Early ball-point inks were made 
with the same dyes used for years 
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in fluid inks. But ball-points have 
different ink requirements: good 
flow properties, lubricity, solubil- 
ity, storage stability and—most 
important—-an_ exceptionally 
high concentration of dye. Tinc- 
torial value must be twenty times 
that of a fluid ink. 

From research has comea special 
line of NATIONAL dyes, tailor-made 
for ball-point inks. Research on 
both pen and ink has enabled the 
ball-point to supplant in 15 years 
the pointed pen, in use for 13 cen- 
turies. 


Odor control 


Odor control presents an ingen- 
ious twist on the old question of 
whether there is any sound when 
a tree falls in a deserted forest. 

We have always had odor-caus- 
ing sites. But today, with industry 
expanding and our suburban com- 
munities moving further into the 
country, these odors become a seri- 
ous problem. Some sources of this 
problem are sewage plants, land- 
fill garbage, drainage ditches, 
storm sewers and market area 
streets. 

Sotvay OzENE (emulsifiable or- 
thodichlorobenzene) is becoming 
widely used in industrial odor 
control situations, for dripping in- 


NATIONAL, Sotvay, OzENE and Baker & ADAMSON 
are Allied Chemical trademarks. 


to sewage or spraying on garbage 
and other odor sources. 

OzENE works on odors these 
Ways: its Own odor serves as a 
masking agent; it slows down the 
production of bacteria which cause 
sulfide odors; it prevents the 
growth of fungi which speed the 
decomposition of waste materials. 


A dark-colored liquid, OzENE 
mixes readily with water and can 
be substantially diluted for eco- 
nomical use. 


Biological grade chemicais 


Preparing balanced salt solutions 
for the growth of cultures is typi- 
cal of the stringent needs of bio- 
chemists for extremely high-purity 
chemicals, products which have 
been purified even beyond the uni- 
versally recognized American 
Chemical Society quality stand- 
ards for analytical reagents. 

Three such “reagent plus” com- 
pounds have been added to BAKER 
& Apamson’s line of 1,000 labora- 
tory reagents. These initial chem- 
icals—sodium bicarbonate, sodium 
chloride and potassium chloride— 
show very minute trace impurities, 
materially lower than in similar 
chemicals produced to A. C. S. 
specifications. 


They are the first in a proposed 
line of biological grade chemicals 
made especially for such import- 
ant scientific applications. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
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The most complete line of 
scientific instruments and lab- 
oratory supplies in the world hydre 
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COLOR REACTIONS—Red, White, Blue them | | 


Submitted by: J. Arthur Campbell, Oberlin College 
Chicked by: Lester Kieft, Bucknell University 


PREPARATION 


Prepare solutions indicated below. Provide three 
600 mJ. beakers. 


Preparation of Solutions: 


(1) FeCl; solution: 16 g. FeCl; per liter of distilled 
water. 

(2) KyFe(CN). solution: .36 g. KyFe(CN)¢ per 
liter of distilled water. 

(3) AgNO; solution: 1.7 g. AgNO; per liter of 
distilled water. 

(4) NH,CNS solution: .15 g. NH,sCNS per liter 
of distilled water. 


DEMONSTRATION 


Place 250 ml. of the following solutions in separate 
600 ml. beakers: K,Fe(CN).s, AgNO;, and ammonium 
thiocyanate. Now add 5-10 ml. of ferric chloride 
solution to each beaker. 


REMARKS 


It may be difficult to see the red unless a good light 
is provided. 
Journal of Chemical Education « April, 1957 


CONCENTRATION CELLS—HYDROGEN ION 
Submitted by: John T. Stock and William C. Purdy, CA Chem kd DEMONSTRATION 


University of Connecticut 


Checked by: G. Gordon, Michigan State University 


PREPARATION 


Provide the cells as illustrated: 2—400 ml. beakers, 
2-platinum wire electrodes, 50 ml. buret, stirring motor, 
suitable supports and 500 ml. 0.1 N KMnQ, in 1 N 
HSO,. Fill beaker A and buret B with above solu- 
tion. The distilled water in beaker C is stirred during 
the demonstration. Connect the electrodes to a pH 
meter or other high impedance voltmeter. Make 
electrical contact between beakers by means of a 
KC!-agar salt bridge. 


DEMONSTRATION 


One drop of solution is added from the buret, to 
beaker C. An e.m.f. of approximately 0.4 volt de- 
velops in a few minutes which can be observed on the 
meter. Progressive additions to beaker C from the 
buret reduce the e.m.f. The change in concentration 
may he followed by observing the meter and by com- 
paring the color of the solutions. The decrease in 
e.m.!. is primarily due to the decreasing difference in 
hydrogen ion concentration between beakers. 


REMARKS 


A strip of filter paper dipped in saturated K.SO, 
may be substituted for the salt bridge. NH,VO; or 
K;Cr.0; may be substituted for KMnOx,. 


Journal of Chemical Education « April, 1957 
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VACUUM DISTILLATION PUMP 


Extra 


e Guaran 


e Free Air Capacity 33.4 Liters 


PRICE 
150% 


Complete with 


The large volume of oil dilutes the vapors which are a product of the 


dist 


mechanism. If the oil becomes too contaminated, it can be removed 
quickly and easily by means of the drain cock. 


1404H. WEGNER PUMP, Motor Driven. 


For 115 volts, 


SINGLE STAGE 


Designed for years of daily continuous 
operation with minimum servicing 

Large Oil Reservoir * Greater Free Air Capacity 

Quiet Durable - Efficient - Economical 


teed Vacuum .02 mm. 
(20 microns) 


Per Minute 


Motor 


No. 1404H Patent No. 2337849 


illation, thereby reducing sticking and corrosion of the pump 


1404F. WEGNER PUMP, Motor Driven. 
70 Cycles, A.C. Each, $150.00 For 115 Volts, D.C. Each, $200.00 


For attached Belt Guard, add $15.00 to prices. 


14041. WEGNER PUMP, Motor Driven. With pully, but without motor belt, or base. 
For 230 volts, 60 Cycles, A.C. Each, $152.00 Each, $115.00 


W. 


1404. WEGNER PUMP, Unmounted. 


M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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New titles for the chemustry classroom 


The CHEMISTRY of ORGANIC MEDICINAL PRODUCTS, 4th Edition 


By GLENN L. JENKINS, Purdue University; WALTER 
H. HARTUNG, Medical College of Virginia; KENNETH 
E. HAMLIN, JR., Abbott Laboratories; and JOHN B. 
DATA, Purdue University. Gives a rational system of 
chemical classification for organic medicinal com- 
pounds. The fourth edition includes recent develop- 


ments in antibiotics, tranquillizing drugs, insulin prod- 
ucts, antihistimines, and other medicinal agents. Cor- 
relations between chemical structure and physiological 
activities are pointed out and, wherever possible, pro- 
toplasmic reactions are indicated. Coming in huly 
Approx. 610 pages. Prob. $10.00. 


PHYSICAL SCIENCE for LIBERAL ARTS STUDENTS 


By HUGO N. SWENSON and J. EDMUND WOODS, 
both of Queens College. Describes the special methods and 
procedures that have been found useful and effective in 
the natural sciences. This text answers the questions: 
‘What is science, and how do the natural sciences differ 
from other intellectual fields?’’ The authors analyze 


the roles pore by experiment, hypotheses, theories, 
and models. With emphasis on a historical perspec- 
tive, the book outlines experimental methods of science 
through an examination of chemistry, astronomy, and 
physics. 1957. Approx. 340 pages. Prob. $6.50. 


A GUIDE to the LITERATURE OF CHEMISTRY, 2nd Edition 


By E. J. CRANE, Chemical Abstracts Service; the late 
AUSTIN M. PATTERSON; and ELEANOR B. MARR, 
Hunter College. The most comprehensive reference work 
in the field. Contains the most frequently needed infor- 
mation on the chemical literature, tells how and where 


to find less frequently needed information, shows how 
to keep up to date on the literature, and gives data about 
mechanical aids for searching and indexing. 1957. 
397 pages. Prob. $9.00. 


The CHEMISTRY of ORGANOMETALLIC COMPOUNDS 


By EUGENE G. ROCHOW, Harvard University; DAL- 
LAS T. HURD, General Electric Company; and RICHARD 
N. LEWIS, Olin Mathieson Chemical Corporation. Dis- 
tinguished for its thoroughness, up-to-date coverage, 
critical approach, and readability, this is the first book 
in twenty years to survey the entire field of organo- 
metallic compounds. All phases are treated, including 


(1) physical properties, (2) preparation, (3) chemical 
reactions, and (4) applications. Discussed from a com- 
letely modern viewpoint, the subject matter is organ- 
ized on the basis of the general properties of the carbon- 
metal bond. Considerable use is made of the classical 
studies of Gilman. 1957. 344 pages. Prob. $7.50. 


PROJECT ENGINEERING of PROCESS PLANTS 


By HOWARD F. RASE, University of Texas; and M. H. 
BARROW, Foster Wheeler Corporation. Formalizes the 
methods of executing a project used by all progressive 
chemical companies and engineering firms. It is the 
first book on process plant design that is written in ac- 
cordance with modern techniques of project organiza- 


tion, planning, and execution. Ideal for chemical engi- 
neering plant design curricula, the volume permits 
students to apply knowledge gained in basic courses to 
practical problems via methods actually used in indus- 
try. 1957. 692 pages. Prob. $14.00. 


THERMODYNAMICS for CHEMICAL ENGINEERS, 2nd Edition 


By HAROLD C. WEBER and HERMAN P. MEISS- 
NER, both of The Massachusetts Institute of Technology. 
Like its popular predecessor, this new edition covers the 
principles and applications of thermodynamics from the 
viewpoint of both the engineer and the chemist. It 


SCIENTIFIC FRENCH 


By WILLIAM N. LOCKE, The Massachusetis Institute of 
Technology. Offers a quick, practical approach to the read- 
ing of contemporary technical French, requiring no pre- 
vious knowledge of the language. 1957. 112 pages. 
Prob. $2.25. 


150 YEARS 


helps students visualize the subject as a body of thought, 
not just as a calculations course. The second edition in- 
cludes descriptive chapters on power cycles, engines, and 
refrigerators, as well as an expanded treatment of fluid 
flow. Ready in July. Approx. 436 pages. Prob. $8.00. 


SCIENTIFIC GERMAN 


By GEORGE CONDOYANNIS, Sz. Peter's College. 
A German scientific grammar, planned for use with un- 
simplified technical reading matter in conjunction with a 
dictionary. 1957. Approx. 180 pages. Prob. $2.50. 


Send today for examination copies. 
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Recent Sooke 


of this series, this book should be on 
the shelves of every chemical reference 
library. 


LAURENCE FOSTER 
ORDNANCE MATERIALS RESEARCH OFFICE, 
WATERTOWN ARSENAL 
WATERTOWN, MAssACHUSETTS 


MEDICINAL CHEMISTRY. VOLUME II 


F. F. Blicke and C. M. Suter, Editors-in- 
Chief. John Wiley & Sons, Inc., New 
York, 1956. vi + 311 pp. 15 figs. 
Manytables. 15.5 x 23.5cm. $10. 


Tue preface to the series, of which 
this is the second volume, speaks of the 
desire of chemists and pharmacologists 


for a publication “that would provide 
comprehensive and systematic summar- 
ies of available data on the biological 
properties of substances already studied.” 
It goes on to state that it is “a chief 
objective of ‘Medicinal Chemistry’’ to 
include in each chapter references to all 
the compounds that have been tested for 
a particular type of pharmacological 
activity.’’ 

The difficulty of presenting in book 
form up-to-date reviews is shown by the 
closing dates of the literature surveys of 
the various chapters. Chapter 1 by 
Arthur Stoll is based on a lecture pre- 
sented in 1950, and a supplement by 
T. L. Johnson contains references up 
into 1953. Chapter 2 has been brought 
up to date by appendixes and supple- 
mentary references through September of 
1953. Chapter 3 refers to no literature 
beyond 1953. Chapter 4 states that it is 
complete through June of 1952. In the 
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LOURDES’ 


«temperature controller, variable speed controller, 


rigerated contrifuge 


The Mode! LR features a new design refrigeration 
system. which employs forced air circulation _ 
through side and bottom cooling areas to provide. 
a continuous laminar flow of cool air strearms onto 
all portions of the rotor: Chamber temperatures 
may be set as low as —15°C and automatically _ 
maintained ‘within +1°C. Rotor compartment — 
temperatures are easily maintained at 0°C and 
lower, even during runs at maximum speed for — 
extended periods. a 
Instrumentation includes a continuous reading 
electric tachometer, two ‘hour timer, automatic 


ammeter for rotor acceleration control and various _ 
operating safety controls. 

A full Hp: Universal motor provides direct 
power to any rotor employed, without the use of 
cumbersome high speed attachments, pulleys or 
gears. All rotors are sash lg used in both 
refrigerated and non-refr 


we compact and less expensive than any — 
other superspeed refrigerated centrifuge, the 
Model LR offers highest quality construction, maxi- 


trifuges without the use eta adapters. : 


formance. 


mum operating efficiency and unsurpassed per- 4 
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guaranteed for a périod of one year. 


Backed by over a decade of Iabohasory centrifuge 
manufacturing experience, cach LOURDES’ 


STREET and Ist AVE 


LOURDES’ CENTRIFUGES AVAILABLE AT THESE DEALERS 
Ace Selontitie Supply Co., Inc. Federal Scientific Standard Scientific Supply Corp. 
Aloe Scientific Technical Products Co. 
ou: of re S. Aloe Co. Arthur S. LaPine & Co. U. S. Industrial Scientific Co., Inc. 
Macalaster Bicknell Co. 


A. Dai ger & Co. Wilkens-Anderson Co. 
Erb & Gray Scientific a Scientific Canadian Laboratory Supplies Ltd. 
upply Co., Inc. 
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LOURDES INSTRUMENT CORPORATION 


light of these dates it would seem tl at 
some other vehicle for the publication of 
such reviews might be more appropria e. 

Chapter 1, Some Chemical Aspects of 
the Cardiac Glycosides, by Stoll, w th 
its supplement by Johnson, is almvst 
entirely chemical in its treatment of 
the cardiac glycosides. The biologi. a] 
aspects of the subject are not treated at 
length nor critically. Johnson’s sup) e- 
ment has a useful table of glycosi: es 
reported from 1949-52. 

Chapter 2, Synthetic Estrogens, |y 
J. A. Hogg and J. Korman, is a viry 
extensive treatment of the subject. Thre 
is a good presentation of the history ; id 
status of the field as of the literat ire 
closing date. In addition, there is a 
detailed discussion of the biological side 
of these agents and a critical discussion 
of assay methods. The one hundred 
twenty pages of tables and thirty pies 
of bibliography represent comprehensive 
coverage of the field. Useful features 
of the bibliography are a compendium of 
earlier reviews on the subject and a 
patent index. 

Chapter 3, Analgesics, Arylpiperidine 


- Derivatives, by C. M. Suter, is further 


coverage of this large field that was 
begun in Volume I of the series. It is 
difficult to ascertain the extent of coverage 
of the subject. The biological assay 
procedures receive scanty attention and 
the possible modes of action of the com- 
pounds, none. The chapter may serve 
as a brief background survey in this part 
of the field. 

Chapter 4, §-Haloethylamine Adren- 
ergic Blocking Agents: Chemistry and 
Structure-Activity Relationships, by G. 
E. Ullyot and J. F. Kerwin, is an extensive 
treatment of the subject through the 
middle of 1952. The historial introdue- 
tion is valuable because of its presentation 
of the background of the discovery of 
these materials. There is extensive dis- 
cussion of the biological activity and 
chemical reactions of these compounds. 
The tables are well organized and useful. 

This volume is uneven in the treat- 
ment of the various subjects by the 
different authors. The editors have not 
seen fit to insist on the inclusion of firm 
indications of what literature was covered. 
In the two chapters that are parts of a 
larger field, the way in which the subjects 
treated fit into the field have not been 
clearly delineated. 

The volume is useful as a reference work 
because of the detailed presentations 
of Chapters 2 and 4. 


JACKSON P. ENGLISH 
Researcu Division, AMERICAN CYANAM!! 
CoMPANY 
Peart River, New York 


PRINCIPLES OF ORGANIC CHEMISTRY 


James English, Jr., and Harold G. 
Cassidy, both Associate Professo’s of 
Chemistry, Yale University. Secor! ed- 
ition. McGraw-Hill Book Co., Inc. New 
York, 1956. xiii + 469 pp. 25 figs. 
3l tables. 15.5 X 23.5cm. $6.50 


in the excellent tracition 
of the first, this second edition ould 
warrant the consideration of all te .chers 
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Books 


Harrow & Mazur— 
Textbook of Biochemistry 


This much respected text gives a sound, timely 
picture of the fundamental facts of biochem- 
istry and applies them. The book’s fine or- 
ganization is one of the reasons why it has found 
favor with students and teachers. 


The book leads off with a discussion of the 
organic constituents of the cell, then descrip- 
tions of enzymes, digestion and absorption. 
These are followed by a study of blood which 
introduces intermediary metabolism. Spe- 
cialized topics are reserved for the latter part. 
By BENJAMIN —y v4 Ph.D., Professor of Chemistry; and 
ABRAHAM Mazur, Associate Professor of Chemis istry, Col- 


lege of the City of Now York. 563 pages, 6” X 9”, with 130 illus- 
trations. $6.50. Sizth Edition. 


Cantarow & Schepartz— 
Textbook of Biochemistry 


Emphasis in this fine textbook is chiefly on the 
dynamic aspects of biochemistry. Pertinent 
facts of organic and physical chemistry are 
discussed in direct relation to their applica- 
bility to phenomena of biological significance. 
A broad outline of the main points of each 
subject precedes detailed discussions. 


Each topic is dealt with in its entirety, per- 
mitting a well-rounded presentation. 


By ApraHAmM Cantarow, M.D., Professor of Biochemistry, and 
Bernarp ScHEpPArtz, Ph. D., ‘Assistant Professor of Biochemistry, 
jay yaa College. 848 pages, 6” X 9”, with 136 illustra- 
tions 


Luder, Vernon & Zuffanti— 
General Chemistry 


Following the current trend in introductory 
courses in chemistry, this text emphasizes the 
theoretical side of the subject. Theoretical 
concepts have been derived from experimental 
findings—and the authors show how this has 
occurred. More advanced theoretical mate- 
rial has been placed at the ends of the chapters, 
so that it may be omitted as desired. Of spe- 
cial note is the discussion of the electronic 
theory of acids and bases. 

By F. Luvern, Ph.D., Professor of Chemistry; Arntruur A. 


istry, Northeastern University, Bcston, Massachusetts. 595 
pages, 6” X 9”, with 173 illustrations. $6.00 


Routh—20th Century Chemistry 


Here is an introductory textbook for students 
who plan to take only one year of chemistry. 
The author emphasizes the general principles of 
the subject and points out the application of 
these principles to everyday life. 


He presents a complete and coordinated view 
ol the entire field—inorganic, physical, organic 
and biochemistry. Questions at the end of the 
chapter enable the student to differentiate be- 
‘ween major and minor points and also serve as 
@ convenient and excellent review. The many 
»hotographs add student interest. 


ty Josepn I. Routn, Ph.D., of Biochemistry, State 
a ated of Iowa. 564 pages, 6” X 8”, with 288 illustrations. 
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stop everything 


with the New ab Creat Siponck / 


Ceverything worth mentioning, that is!) 


The Lab-Crest Stopcock is inert to all chemicals and solvents. For 
the record, we know of two exceptions—molten alkali metals and 
fluorine. 

PROVED by 3 years of field testing, the Lab-Crest Stopcock does 
not leak . . . never “‘freezes” . . . requires no lubrication . . . there 
is no product contamination. At $4.90, it offers you the best 
stopcock made. 


Write for this new catalog which illustrates products 
featuring the Lab-Crest Stopcock and includes 
prices and specifications. 


FISCHER & PORTER COMPANY 


4347 County Line Road, Hatboro, Pa, 


Recent Books 


who treat aliphatic and aromatic com- 
pounds together. It may tempt others :o 
try that order for the first time. For it \s 
excellently written, pruned of all exce-s 
encylopedic data and pedagogy down ‘0 
the basic framework of fundamental rez \- 
tions and concepts, and the integration «f 
aliphatic and organic chemistry is deft'y 
handled. 

Again an outstanding feature of the 
text is the wide selection of excelle:t, 
thought-provoking questions. The oit- 
lines at the ends of the chapters are also 
helpful to both student and instructir. 
The drawings are well done and are used 
only for the clarification of subject mat- 
ter. 

New features in the second edition :n- 
clude the consistent use of curved arrows 
to suggest the courses of reactions. This 
is a real aid in the understanding of 
reactions, as is the fairly frequent practice 
of listing together different reactions which 
proceed by the same type mechanism. 

Molecular orbital theory is introduced 
in an elementary and unusually clear 
fashion and is employed where simpli- 
fication or clarity results. In general, the 
theory is presented consistently from the 
modern viewpoint and serves admirably 
to correlate and unify the subject matter. 

As in the first edition, explanations are 
terse and concise, perhaps in some cases 
too sketchy for the student to master 
without additional help. There is little 
doubt that the text presents a challenge in 
good teaching to the teacher who uses it. 
At the same time, it is certain that the 
student who masters all of the subject 
matter and theory presented in the text 
and who can work all of the exercises has 
a thorough grasp of the fundamental 
principles of organic chemistry which 
will equip him well to pursue advanced 
scientific work in chemistry and _ allied 
fields. And this, above all, is the stated 
aim of the authors. 

Cc. A. VANDERWERF 
UNIVERSITY OF Kansas 
LAWRENCE, Kansas 


ENGINEERING AS A CAREER 


Ralph J. Smith, Head, Engineering 
Department, San Jose College. McGraw- 
Hill Book Co., Inc., New York, 1956. 
xi + 365 pp. Many figs. and tables. 
16 X 23.5cm. $4.75. 


Tuts book is written for a freshman who 
has become interested in engineering. 
Its main object is to aquaint him with 
engineering as a career and to indicate 
the qualifications, duties, and responsi- 
bilities of engineers. It attempt to 
define the engineering profession in terms 
of functions as well as branches. !t is 
this latter idea of functions rather ‘han 
branches that this reviewer can heartily 
applaud. 

Perhaps this reviewer should _iirst 
disqualify himself. It is approximately 
fifty years since he was a freshman :) a0 
engineering curriculum and forty -ince 
he last attempted to teach fresh nen. 


(Continued on page A178) 
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[, mportant Chemistry Texts from Prentice-Hall . . . 


INTRODUCTION 
TO CHEMISTRY 


by JOSEPH C. MUHLER, E. CAMPAIGNE and CHARLES S. ROHRER, 
all of Indiana University 


ESSENTIAL PRINCIPLES 
OF ORGANIC CHEMISTRY 


by JAMES CASON, University of California at Berkeley 


ADVANCED 
ORGANIC CHEMISTRY 


by E. EARL ROYALS, Emory University 


approval copies available from— 


A NEW TEXT DESIGNED PRIMARILY FOR 
students who will work in some aspects 
of biological science, but whose chemical. 
background is limited. Therefore the 
emphasis is on biochemistry, with spe- 
cial material on inorganic chemistry 
chosen to facilitate an understanding 
of biochemical processes. The first 
eight chapters describe the elements, 
and define solutions, ions, and similar 
fundamentals. After a strong treat- 
ment of colloids, the next 6 chapters 
survey organic chemistry with empha- 
sis on molecular structure. The re- 
maining ten chapters are devoted to 
descriptive biochemistry, stressing im- 
portant biological substances and proc- 
esses. 


approx. 500 pages. 6” X 9”. Published April 1957. 
Price to be announced 


WRITTEN IN A STYLE THAT WILL REACH 
the student, this new text is so organized 
as to allow the best development of 
modern principles of organic synthesis, 
the most important objective of 
organic chemistry. Well-chosen exer- 
cises, problems, and literature refer- 
ences follow each chapter, and the text 
concludes with an excellent discussion 
of the chemical literature and how to 
use it. 


544 pages. 6”X9". Published 1956. 
Text list $6.75 


THIS BOOK, A PIONEER WORK IN THE 
field, provides a useful integration of 
descriptive fact and unifying theory at 
the advanced level of organic chemis- 
try. Discussions of mechanisms and 
the applications of organic reactions to 
synthesis and degradation are not 
separated; every effort is made to 
relate mechanistic considerations to 
the practical problems of synthesis and 
analysis. 


948 pases. 6" X 9". Published 1953. 
Text list $12.00 


PRENTICE-HALL, INC. 


Englewood Cliffs, New Jersey 
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Pauling—GENERAL CHEMISTRY 
COLLEGE CHEMISTRY 


by Linus Pauling, California Institute of Technology 
Illustrations are by Roger Hayward 


GENERAL CHEMISTRY 


is an introductory text for majors in chemistry and related fields. 
722 pps., 193 illus., 33 tables, 2nd ed. 1953, $6.50. 


COLLEGE CHEMISTRY 


is a beginning text for students who are not majoring in chemistry. 
697 pp., 202 illus., 32 tables, 2nd. ed. 1955, $6.25. 
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INGENERAL CHEMISTRY 


Ma'm and Frantz—COLLEGE CHEMISTRY IN THE LABORATORY, No. 1 and No. 2 
by Lloyd E. Malm, University of Utah, and Harper W. Frantz, Pasadena City College 


These alternate versions are correlated with COLLEGE CHEMISTRY, but are usable with any modern text. 
No. 1, 368 pp., 93 illus., 1950, $3.00; No. 2, 368 pp., 102 illus., 1954, $3.30. Illustrated by Roger Hayward. 


Frantz—A LABORATORY STUDY OF CHEMICAL PRINCIPLES 


by Harper W. Frantz, Pasadena City College 

“This new edition follows the same general plan and format as the first edition, but a number of desirable re- 
arrangements and several new experiments have been added.”” E. B. Rosser in Jnl. of Chem. Ed. 

296 pp., 90 illus., 2nd ed., 1956, $2.75. 


Pierce and Smith—GENERAL CHEMISTRY WORKBOOK—How to Solve Problems 
by Conway Pierce, University of California, Riverside and R. Nelson Smith, Pomona College. 
255 pp., 946 drill problems (one half of them with answers), illustrated, 1955, $1.65. 
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BURRELL “For Scientists Everywhere” 


LABORATORY FURNACE 


Model LGH 


For Dependable Operation 
At High Temperatures 


Superbly designed and built for 
continuous performance at tem- 
peratures to 2500° F. Delivered 
ready to plug in and use. 


‘Ample Insulated 
With Swing-Aside Door, 
For Ease of Access 


Cat. No. 37-428 (11 5v.) or 37-429 (230v.) 
Price F. O. B. Pittsburgh, Pa. ...... 875.00 


Request Bulletin No. 515 


Recent Sooke 


Scientific Instruments and Laboratory Supplies 
2223 Fifth Avenuc, Pittsburgh 19, Pennsylvania 


BURRELL CORPORATION | 


Only 


packs 


under Argon 


to assure higher purity 


To maintain the extreme purity of some organics it is necessary 
to package them under an inert atmosphere. The MC&B 
process consists of blanketing the containers and the material 
to be packaged with argon. Before the bottles are removed 
from the argon-blanket they are sealed. Since argon is heavier 
than air the compound remains protected. Only MC&B packs 
organics under an inert atmosphere. This is another reason 
why many chemists specify MC&B when the highest purity is 
desired. 


Over 4000 chemicals from a single source. 


CB Matheson Coleman & Bell 


Division of the Matheson Company, Inc. 
Norwood (Cincinnati), Ohio; East Rutherford, N. J. 


How can he possibly say what the fres] - 
man reader will say about this book? 
He can’t. He can only give his ow, 
reaction. 

Furthermore there is a vast difference 
in background between the author and the 
reviewer. The former is apparently a 
civil engineer, the latter for the la-t 
forty years has been exclusively in t] 
field of chemical engineering. They seen 
to have little in common. They cann:t 
even agree on whether or not math - 
matics is a man-made form of expression 
or a natural science. But from thie 
standpoint of the freshman is it of any 
moment? I doubt it. If the author 
wishes to create a new term “Miner:| 
Engineering,’’ a term which the reviewvr, 
who has received five degrees, earned 
and unearned, has never heard of, does it 
matter? The intelligent freshman will 
learn the facts, and even if he doesn’t, 
why should he worry? 

The reviewer spent four years in the 
Bay Region before and during World 
War I. This was long before we recog- 
nized the existence of the ‘Process 
Industries.’’ But today, thanks to the 
untiring efforts of one, Sidney D. Kirk- 
patrick, we who live east of the Rockies do 
appreciate the vast size of and the op- 
portunities in this industry. It is in this 
industry, which is based on the effective 
control of a chemical process, that both 
the chemist and the chemical engineer 
have made their greatest contributions. 

A young reader of this book should be 
interested to know that the “Process 
Industries’ include not only the chemical 
industry but petroleum, metallurgical, 
ceramic, agricultural, rubber, soap, syn- 
thetic fibers, paper, and others. He 
might be interested to know that it is 
the ‘Process Industries’? which have 
shown the greatest growth in the last 
ten years for both defense and peacetime 
purposes. Unfortunately the book will 
not provide him with this information. 

The reader of this review should re- 
member that the reviewer is biased in his 
viewpoint due to his training and expe- 
rience, and he is intolerant of a lack of 
knowledge due to his unfortunate per- 
sonal characteristics. 

DONALD B. KEYES 
Artuour D. Litttz, Inc. 
New York, N. Y. 


ELEMENTS OF X-RAY DIFFRACTION 


B. D. Cullity, Associate Professor of 
Metallurgy, University of Notre Dame. 
Addison-Wesley Publishing Co., Inc., 
Reading, Mass., 1956. xiv + 514 pp. 
Many figs. and tables. 16 X 23.5 om. 
$10. 


Tuts is one of the Addison-We-ley 
Metallurgy Series and is written primarily 
as a book of principles and methods for 
metallurgists, chemists, and others ‘ho 
are unfamiliar with the technique «nd 
wish to use it as a laboratory tool. It 
follows the conventional lines in the 
treatment of (1) the fundamentals o! the 
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EYES 


HERE IS A NEW COMPREHENSIVE TEXT designed 
for an instrumental analysis course. Written on a more 
advanced and mature level than existing texts, for use in 
both graduate and undergraduate courses, it covers 3 groups 
of instrumental techniques—(1) electrochemical, 

(2) spectroscopic and (3) such miscellaneous methods as 
X-rays, mass spectrometry and radio-activity. Chemistry 
professors previewing the manuscript are enthusiastic about 
its emphasis on fundamental principles rather than 
application to analysis or to specific equipment. The author 
(who received the 1955 Award in Pure Chemistry of the 
American Chemical Society, for his fundamental 
contributions in electrochemical methods), presents 

50 experiments in 23 groups, with suggestions for more than 
20 additional experiments. Detailed bibliography, graded 
problems suitable for several stages of instruction, and 
literature surveys accompany each chapter of 


INSTRUMENTAL ANALY SIS 


by PAUL DELAHAY, Boyd Professor of Chemistry 
Louisiana State University Published in March 


“OF THE MANY NEW TEXTS OF GENERAL 
CHEMISTRY that have appeared since World War II, only 
a few can be called exceptional in character. This volume 

is definitely in that category. It should be on the study desk 
of every teacher of general chemistry to show that new 
approaches to the teaching of general chemistry are 
possible...In this text, chemistry is presented as a 

science. The student is expected to think and learn 

rather than to merely memorize and possibly think. 

This is achieved ‘by continual emphasis on the interpretations 
of properties and reactions in terms of structural 
relationships.’ These structural relationships involve 

not only electronic structures of the elements and their 
compounds but also bond lengths and angles. The mere 
descriptive aspect of chemistry is de-emphasized. Reasons 
for significant properties are continuously presented... 
The reviewer repeats a part of the first paragraph: “This is 
an exceptional text. It should be in the hands of every 
teacher of general chemistry.” This is part of a review 
(written by Conrad E. Ronneberg of Denison University, Ohio, 
for the Journal of Chemical Education) of 


GENERAL CHEMISTRY 


by LUKE E. STEINER and J. A. CAMPBELL, Professor and 
Chairman and Professor respectively, Department of 
Chemistry, Oberlin College. 

1955 676 pp., Ii. $6.50 


also available — 


Steiner & Campbell’s LABORATORY EXPERIMENTS IN 
GENERAL CHEMISTRY 1955 216 pp., paper $3.00 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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EXACTING ? 
Your lab needs 
will best be met 


Not just the world’s largest, but also the 
most exacting producer of incomparable 
fused quartz ware offers Vitreosil to meet 
your precise needs and specifications. 


by VITREOSIL'" 


TUBING 


sand surface glazed 
or satin surfaced 


and transparent 

Useful up to 1000" C. and under 
extreme thermal shock, Vitreosil 
tubing has both chemical and cata- 
lytic inertness. It is homogene- 
ous and free from metallic 
impurity, and transparent 
Vitreosil offers the best 
ultra-violet transmission. 


Supplied in all 
normal lengths and diameters. 


- DISHES - TRAYS 
MUFFLES POTS - RETORTS 
TANKS 


Crucibles made of Vitreosil guard the real pur- 
ity of your compounds. They are non-absorp- 
tive, non-catalytic, non-porous; can be wire- 
wound for electrical heating; are immune to 
extreme electrical, chemical and 

thermal conditions. Available in 
transparent, glazed and unglazed 

Dishes of Vitreosil are ideal for! 
concentrations, evaporations, 

crystallizing acid solutions. 

All sizes and types. Trays 

and other ware of Vitreosil 

in many sizes from stock, 

or prompt delivery of 

special sizes. 


ELECTRIC IMMERSION HEATERS 
BALL & SOCKET JOINTS 
STANDARD TAPER JOINTS 
GRADED SEALS 


Corrosion resistant, this Vitreosil 
equipment is impervious to all 
organic and inorganic chemicals 
even at very high temperatures 
regardiess of concentrations, 
except strong caustics and hy- 
drofluoric acid. They have excel- 
lent high temperature character- 
istics, strength, impermeability 
and outstanding electrical prop- 
erties. Stock sizes for immediate 
shipment, custom items to order. 


Write for bulletins and prices 
on any Vitreosil item 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 


Please send illustrated bulletin or informa- 


tion on 


Company 
Name & Title 
Street 
City Zone. State 
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Recent Sooke 


diffraction of X-rays by crystals, (2) some 
experimental methods, and (3) some ap- 
plications to problems of importance in 
metallurgical research. 

In the hands of a competent scientist, 
X-ray diffraction is an exceedingly power- 
ful and well developed means of studying 
the crystalline state. It is not a partic- 
ularly easy subject to learn, and in my 
opinion it is a mistake to gloss over the 
fundamental conceptual difficulties as 
much as this book does. My advice to 
beginners is, “Study the fundamentals 
and get these right at the start; if, for 
example, you find that the use of the 
reciprocal lattice is quite beyond your 
comprehension, give up!’’ Since this is 
my educational point of view, it is in- 
evitable that I would dislike a book which 
gives so little emphasis to symmetry when 
discussing the geometry of crystals, does 
not discuss the Laue equations, and rele- 
gates the reciprocal lattice to an appendix. 

The section on experimental methods 
deals with Laue photographs, powder 
photographs, and diffractometer measure- 
ments in considerable descriptive detail. 

By far the best part of the book is the 
last three-fifths, which deals with applica- 
tions. Of the ten chapters therein, the 
best are those dealing more specifically 
with metallurgical applications such as 
crystal orientations, pole figures, stress 
measurements. The chapter on structure 
determination is too elementary to be of 


much value in tackling any actual prob- 
lem, and, to a lesser extent, the same js 
true of the chapters on phase diagram de- 
termination and order-disorder transfo:- 
matica. 

This is essentially a descriptive bock 
with the minimum of mathematics ard 
exactitude. As such it is well and co.- 
scientiously written and can be recom- 
mended to those who like their scientiiic 
books that way. 

In fairness to the author, it must ‘\e 
mentioned that the reviewer is an X-r:.y 
crystallographer and not an X-ray met:.|- 
lurgist. 


G. A. JEFFRLY 
UNIVERSITY OF PITTSBURGH 
PitTsBURGH, PENNSYLVANIA 


STERIC EFFECTS IN ORGANIC 
CHEMISTRY 


Edited by Melvin S. Newman, Pro. 
fessor of Chemistry, The Ohio State 
University. John Wiley & Sons, Inc., 
New York, 1956. vii + 710 pp. Many 
figs. and tables. 15.5 X 23.5 cm. 
$12.50. 


OrGaANic chemists everywhere will 
herald this new book as one of the out- 
standing publishing contributions to the 
science. From the lucid exposition of 
“Conformational analysis” in Chapter 1, 
by William G. Dauben and Kenneth 8. 
Pitzer, through the critical analysis of the 
“Separation of polar, steric and resonance 
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available in all sizes from 14” ID 
through 2” ID to meet today’s 


plant and laboratory needs. 
Economical, too! 


for instance, the 14” ID with ;;” 
wall sells for less than 15c per foot. 


Nalgon has: 
heat resistance 
high chemical resistance 
excellent dimensional stability 
resistance to age discoloration 
water-white transparency 
complete neutrality 
absolute safety 
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OUR NEW CATALOG £E-956 
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NUCLEAR CHEMICAL TECHNOLOGY 
4 MANSON BENEDICT and THOMAS H. PIGFORD, Massachusetts Institute of Technology. 
u 


clear Engineering Series, Ready in July 


The first comprehensive treatment of the chemical engineering aspects of nuclear technology. It sum- 
marizes most of the relevant information on the chemical processes used in nuclear technology. Ma- 
terials of importance in nuclear reactors are described, along with the novel processes which have been 
developed to concentrate, purify, and separate these materials. An excellent text for an introductory 
nuclear engineering course at the graduate level. 


State NUCLEAR ENGINEERING 
Many Edited by CHARLES F. BONILLA, Columbia University. McGraw-Hill Series in Nuclear Engineering. 


cm. Ready in April 


A complete text and reference work, written by twelve experts in various fields of engineering and science, 
will presenting the basic principles of the main engineering disciplines involved in the design of nuclear 
dagevt reactor cores and power plants. In each of the twelve fields, it gives the fundamentals briefly and clearly, 


adie with enough illustrations and advanced specific analyses to be valuable to the working design engineer 
fe P as well as to the student. All topics are entirely up to date and include many not previously treated. 
th S. It contains all the necessary background in nuclear physics and reactor physics, plus 150 problems. 

of the 

ORGANIC CHEMISTRY 


By LOUISE KELLEY, Goucher College. New Second Edition. Ready in April 


Especially suited for chemistry majors and chemical engineers, this excellent new edition of a highly 
respected organic chemistry text thoroughly covers the theoretical aspects. Its purpose is to provide 
students with a readily understandable, yet challenging introduction to the complex subject of organic 
chemistry. Much new theoretical material has been added, dealing with the structure of organic mole- 
cules from the standpoint of molecular orbital theory. There are many new illustrations, including 
diagrams of molecular orbital structures and of processes connected with the making of synthetic fibers. 


SYSTEMATIC ORGANIC CHEMISTRY 


By HUGH C. MULDOON, Duquesne University; and MARTIN |. BLAKE, North Dakota Agricultural 
College. Ready in May 


Based on the author’s previous text for pharmacy students, this new book has been carefully prepared 
and expanded to appeal to the more general organic courses. Emphasis is on principles and their appli- 
cation, and an attempt has been made to keep the style clear, simple, and direct. The approach is sys- 
tematic, with general information about the organic compounds given first and the aliphatics, aromatics, 
and heterocyclics discussed in that order. Throughout, special reference is made to compounds of 
medicinal value, and their therapeutic importance. Stress is on understanding, rather than memory. 


CHEMISTRY 
By MICHELL J. SIENKO and ROBERT A. PLANE, Cornell University. Ready in April 


An outstanding new text, emphasizing modern principles of chemistry, with no previous knowledge 
necessary. Part I treats these principles; Part II applies them to descriptive chemistry of the 
elements. Large doses of description are not given until these principles are well established. Recent 
advances such as nuclear energy theory and atomic spectra are presented on a freshman level. 


SEND FOR _|_McGRAW-HILL BOOK COMPANY, Inc. 
ON APPROVAL 330 West 42nd Street, New York 36, N. Y. 
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Recent Gookes 


effects in reactivity”’ by Robert W. Taft, 
Jr., in Chapter 13, every chapter does a 
thorough job in relating steric factors to 
the properties and reactions of organic 
molecules. 

Here, for the first time in one volume, 
the evidence of the importance of steric 
effects on the properties of organic com- 
pounds and on the course and rate of 
organic reactions is marshaled in system- 
atic fashion. But the book by no means 
represents only a review of explored as- 
pects of the problem or a compilation of 
published data. The authors are all 
experts in their fields and present with 
authority a great deal of new material— 
both data and ideas. 

For the theoretical and for the labora- 
tory vinci chemist, close study of this 


book is a must. For, theoretically, it 
certainly points the way to further under- 
standing in an important area, and, ex- 
perimentally, it offers a guide to utiliza- 
tion, too-long neglected in certain quar- 
ters, of steric effects in the control of 
organic reactions. 

The editor is to be further complimented 
for bringing to the foregound several of 
the young giants who have contributed 
significantly to the dynamic growth of 
theoretical organic chemistry during the 
past decade. The reader will recognize 
their names as authors of the chapters 
already cited and among the authors of the 
remaining chapters: Ernest L. Eliel, 
Chapter 2, “Substitution at saturated 
carbon atoms’’; George S. Hammond and 
M. Frederick Hawthorne, Chapter 3, 
“Steric effects in aromatic substitution’’; 
Melvin S. Newman, Chapter 4, ‘Ad- 
ditions to unsaturated functions’; Donald 


CUSTOM MADE 
LABORATORY GLASSWARE 


Looking for distilling 


receivers 


of special, even esoteric, design? 


Here’s a way to avoid much messing and 
tinkering with distilling receivers when 
you want to adapt them for special jobs. 

Just consult our Special Apparatus Cat- 
alog CA-2. Among the hundreds of spe- 
cial pieces of glassware listed therein, 
you'll discover eleven different adapta- 
tions of Stark and Dean, vacuum distill- 
ing and straight distilling receivers. 

Should you fail to find the design you 
want, be not dismayed. Pencil a rough 
sketch and tell us what you want the 
glass to do for you. 


Name. 


Co meand reseacch ot Clase 
CORNING GLASS WORKS 70-4 Crystal Street, Corning, New York 
Please send me a copy of your Special Apparatus Catalog CA-2, 


Our Special Apparatus Department will 
come up with the receiver you want 
quickly. This department is staffed with 
men expert in the shaping of low-expan- 
sion Pyrex brand glasses. 

Drawing on Corning’s 40-some years of 
experience with PyREx glass, they spend 
all their days making special apparatus to 
critical standards—the only special Grey) 
glassware bearing this trademark— \ 

If you don’t already have Catalog 
CA-2, mail us the coupon and a copy will 
soon be posthasting its way to you. 


Title. 


Zone. State. 


Cram, Chapter 5, “Intramolecu!:r 
rearrangements’; Donald J. Cram, Cha), 
ter 6, “Olefin forming elimination re:c- 
tions’; Harry H. Wasserman, Chapter 7, 
“Cleavage reactions of the carbon-carbon 
bond”; George F. Wright, Chapter 8, 
“Steric effects among the common orgazio- 
metallic compounds’’; George S. 
mond, Chapter 9, “Steric effects on equ il- 
ibrated systems”; Melvin S. Newm:n, 
Chapter 10, ‘Molecular complexes «nd 
molecular asymmetry”; Lloyd L. In- 
graham, Chapter 11, “Steric effects on 
certain physical properties’; and Frank 
H. Westheimer, Chapter 12, “Calculation 
of the magnitude of steric effects.’ 

Much more will be heard from these 
young men in years to come. 


C. A. VANDERWERF 
UNIVERSITY oF KANSAS 
LAWRENCE, KANSAS 


TEXTBOOK OF BIOPHYSICAL 
CHEMISTRY 


Edward Staunton West, Professor of 
Biochemistry, University of Oregon Medi- 


cal School. Second edition. The Mac. 
millan Co., New York, 1956. xi + 399 
48 tables. 16 + 24 cn. 


pp. 40 figs. 
$7. 


Tuis revision of ‘Physical Chemistry 
for Students of Biochemistry and Medi- 
cine”’ is made up in large part of materia! 
taken from West and Todd, ‘Textbook of 
Biochemistry,” The Macmillan Com- 
pany, New York, 1955. Specifically, 
Chapters 3 through 7 in this text are, with 
minor changes, the same as Chapters 2 
through 6 in West and Todd. Also 
Chapters 8, 9, 10, and 11 correspond to 
Chapters 17, 20, 22, and 18 in the larger 
text. Among the changes in these chap- 
ters are a section on fluid secretion and 
work, added to the chapter on osmotic 
pressure, and one on oxidative phosphor- 
ylation added to the chapter on chemical 
energetics. 

This text may be considered in two 
parts: the first half, in which physical 
chemical topics are covered with only 
occasional illustrative biochemical ma- 
terial, and the second half, in which bio- 
chemical systems are discussed from the 
physical chemical point of view. 

The first chapter of this text is devoted 
to atomic structure and isotopes and to 
types of bonding in organic and inorganic 
substances. Following this are discus 
sions of the gas laws and of solutions o/ 
gases, liquids and solids; of chemical equi- 
librium and the law of mass action; 0! 
dissociation of acids and bases ani the 
nature of buffers, with a section on p!i and 
its determination; and of osmotic pres 
sure. The colloidal state and adsorption 
and viscosity are discussed, and there is « 
quite thorough section on the Donnan 
equilibrium. 

In the last half of the book is a chapter 
on respiration and acid-base, electrolyte 
and water balance in health and disease, 
and a chapter on oxidation and reduction. 
which includes methods of determining 
oxidation reduction potentials and « 
cussion of enzymatic oxidation-red\iction 
reactions. The chapter on chemica! ene!- 
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need to be added for any particular instructor's purpose. 
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ACE “DISTILLING COLUMNS, 


Hempel, with interchangeable joints and indenta- 
tions for supporting packing. Length in inches re 
fers to the length from the packing suppor 


bottom of the outer ground joint. Pleas@is 


column length and joint size 
Stocked as follows: 


$ Distilling Column 


10” 24/40 3.85 
V2" 24/40 3.95 
15% 24/40 4.50 
18” 24740 
20” 24/40 5.00 35/20 
24M 6.45 35/28 ....... 
30" 29/42 TVS 


Check Ace Prices and Note the Econ 
Check Ace Craftsmanship and See the 


Also in stock at our 
MIDWESTERN DIVISION 
Louisville, Ky. 


ACE 


GLASS INCORPORATED 
VINELAND #& NEW JERSEY 
639-41 SOUTH HANCOCK ST. 
LOUISVILLE, KY. 


Glassware Specialists to Industry and Research 


The most complete selection | 
of table model centrifuges anywhere 


ADAMS 

Safety-Head—3 models 
Safeguard Angle-Head—5 models 
Safeguard Standard—5 monn 
Junior—3 models 


All ADAMS kentritugesalandbiaie for rapid and efficient ‘centrifugation 

All (except Junior AC model) are permanently lubricated and are ruggedly 
built for long trouble-free life. The 52° angle of suspension on Safety-Head 

and Safeguard models results in 35% greater efficiency than conventional, 

horizontal, free-swinging centrifuges. These models are adaptable for micro 
and semi-micro by substituting proper shields and 


_ Ask your local dealer to 
_ demonstrate these ADAMS mode 


Recent Books 


getics, which is devoted largely to a dis- 
cussion of high energy phosphate and s\ |- 
fur compounds, is supplemented by .in 
appendix in which methods of calculati.g 
free energy changes are presented. 

This book concludes with chapters jn 
energy metabolism in man and on chen.i- 
cal kinetics. 

This book is well written and covers 
quite thoroughly the topics consider:d. 
The style is pleasing and the text seems to 
be quite free from errors. Exercises «ire 
given at the ends of the chapters in ‘he 
first half of the book. 

This should be a useful text for medi: | 
students who desire a more thorough \in- 
derstanding of the physical chemical bisis 
of biochemistry than is found in many 
medical school biochemistry texts. In 
addition it might well serve as a text for 
an undergraduate course in physical chem- 
istry for premedical students. 


ARTHUR H. LIVERMORE 


Reep CoL_eGe 
PorTLAND, OREGON 


AN INTRODUCTION TO MODERN 
ORGANIC ANALYSIS 


Sidney Siggia and Hans J. Stolten, 
General Aniline & Film Corp. Easton, Pa. 
Interscience Publishers, Inc. New York, 
1956. vii + 250 pp. Many figs. 8 
tables. 15.5 X 23.5cm. $4.50. 


THE stated purpose of the authors of 
this survey is to consolidate the entire 
field of organic analysis from one point of 
view, to describe the available tools, their 
fundamental principles and_ techniques, 
their correlation, their application and the 
interpretation from the viewpoint of the 
organic chemist. A list of chapter titles 
gives the subjects covered: Elemental 
Analysis, Functional Group Analysis, Po- 
tentiometric Titration, Absorption Spec- 
troscopy, Freezing Point, Polarographic 
Analysis and Amperometric Titrations, 
X-Ray Diffraction, Refractive Index and 
Density, Methods of Separation, Special- 
ized Approaches. 

Each chapter contains a very brief dis- 
cussion of theory, some applications and an 
experiment illustrating one of the tech- 
niques. in addition there are references 
to standard texts and procedures covered. 

The authors achieve their purpose in 
surveying the entire field but do not dis- 
cuss the topics thoroughly. For example, 
both Kjeldahl and Dumas methods are 
mentioned, but no indication as to the 
comparative advantages and genera il ap- 
plicability of each method is given. Ii 
this book were to be used as a text, the 
instructor would find it necessary to sup- 
plement the theory and to obtain «ddi- 
tional experiments from other soures. 

The illustrative problems are o! Ccol- 
siderable value as examples but no :ddi- 
tional problems with experimentai data 
are supplied. 

This book is recommended as a s\\))ple 
ment to the organic analyst’s library. but 
it will not serve as a course text. 


J. REINHI | MER 
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A SAMPLING OF 
BASIC AND ADVANCED WORKS 


from Van Nostrand 


COMPREHENSIVE INORGANIC CHEMISTRY 


Edited by M. CANNON SNEED and ROBERT C. BRASTED 


Volume VI: THE ALKALI METALS, by JOHN F. SUTTLE; 
HYDROGEN AND ITS ISOTOPES, by ROBERT C. BRASTED. 


Following the basic plan of the series, the authors and editors have reviewed the literature of 
chemistry for each of these important elements, summarizing all references up to the present time, 
to provide a comprehensive treatment of the chemistry and technology of each. Numerous phase 
and solubility diagrams of the various compounds are a noteworthy feature. 


Ready in May, $5.50 


INTRODUCTORY CHEMISTRY 
by O. W. NITZ, Associate Professor of Chemistry, Stout State College. 


An outstanding new text written especially for the one-year terminal course in general chemistry. 
Reaches the student’s daily experience by a discussion of the major chemical cllenelen and indus- 
trial products, closely tied in with familiar applications, such as steel, petroleum, plastics, syn- 
thetic rubber, and textiles. As a further appeal to the student’s daily life, the text also discusses 
important classifications of food chemistry, clearly treating both digestion and metabolism. A 
laboratory manual is available. 520 pages, $5.75 


DICTIONARY OF MICROBIOLOGY COAL SCIENCE—Aspects of Coal Constitu- 


by MorRis B. JACOBS, MAURICE J. GERSTEIN and tion 
WILLIAM G. WALTER. by D. W. VAN KREVELEN and J. SCHUYER. 


Clear and explicit definitions of thousands of terms from Based on recent developments in fundamental re- 


the entire field of microbiology—from organisms, tests, 
cultures, chemical compounds, biological processes, to 
applications in industry, medicine, dairy science and 
agriculture. An indispensable aid to any library or labo- 
ratory. 299 pages, $6.75 


SPOT TESTS IN ORGANIC ANALYSIS 


by Fritz FeiGt. Translated by RALPH O€sPER, 
University of Cincinnati. Fifth Edition. 


This new edition, formerly Volume II, is arranged in 
logical and compact order, investigating specific selec- 
tive and sensitive reactions applied to research problems 
in the field of qualitative organic analysis. Stimulating, 
extremely helpful, and easy to use, this unique new 
volume contains a wealth of up-to-date information of 
great value to scientists in many fields of analysis. 

636 pages, $11.00 


CHROMATOGRAPHY—New Second Edition 
by E. LEDERER and M. LEDERER. 


Covering both organic and inorganic analysis, this 
major revision discusses techniques, equipment, basic 
facts about principles, applications and results, including 
many heretofore unpublished. Contains a collection of 
Rf values more complete than any other work. 

700 pages, $12.75 


search, this up-to-date treatment of the problems 
of constitution and properties of coal gives a 
convenient and thorough summary of modern 
knowledge in this field. 364 pages, $9.50 


RUBBER CHEMICALS 


by J. VAN ALPHEN, W. J. K. SCHONLAU and 
M. VAN DEN TEMPEL. 


A simple but comprehensive chart of the auxiliary 
materials used in the rubber industry of today. 
Included are the chemical formulae, the trade 
names, and the names of suppliers of various 
necessary materials and apparatus. 

176 pages, $6.00 


VITAMIN A 
by T. Moore. 


A compilation of data on vitamin A organized by 
nutritionists and biochemists, together with ma- 
terials from all the cognate sciences, including 
chemistry, physics, physiology, pathology, medi- 
cine, agriculture and natural history. Special 
attention is given to the relationship between 
vitamin A and the endocrine system, particularly 
the sex hormones. 592 pages, $14.00 


D. Van Nostrand Company, Inc. 


120 Alexander Street 


Princeton, N. J. 
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Molt books to meet the 
needs of college classes 


AN INTRODUCTION TO 
QUALITATIVE ANALYSIS 


Thorfin Hogness and Warren Johnson 


This book is designed to contain the qualitative 
analysis section of a general chemistry course. 
A shortened version of the authors’ best selling 
qualitative analysis text (described below), it 
offers both theory and laboratory material and 
reduces to a minimum repetition of subject 
matter. Chemical Equilibrium and Ionic Equi- 
libria are stressed as fundamental concepts of the 


greatest importance to students. 


May 1957, approx. 352 pages 


Fourth Edition 


QUALITATIVE ANALYSIS 
AND 
CHEMICAL EQUILIBRIUM 


Thorfin Hogness and Warren Johnson 


Noted for soundness of theory and clarity of 
presentation, this standard text has been adopted 
in over 100 colleges. This edition has new 
exercises and problems, and expanded labora- 
tory procedures. Tables have been brought up 
to date, and care has been taken to insure 


modern treatment throughout. 


“One of the very best pedagogical achievements 
in chemistry.” 
Journal of Chemical Education 


1954, 641 pages 


MATTER AND ENERGY: 


THE FUNDAMENTALS OF 
PHYSICAL SCIENCE 


Arthur T. Bawden 


Professor Bawden offers concise coverage of all 
the important fundamental principles of the 
physical sciences, integrating them around the 
basic concepts of matter and energy. Recog- 
nizing the needs of non-science majors, the 
author has provided a basis to which teachers 
can add illustrations, demonstrations, and ap- 
plications. Topics covered are those most widely 


taught in physical science courses. 


May 1957, approx. 512 pages 


COLLEGE CHEMISTRY 
Andrew J. Scarlett 


Developed for students who have had little 
preparation for an introductory course, this 
well-constructed text is sufficiently modern and 
advanced for the inquiring student, yet not too 
rigorous for the average beginner. The book 
covers the important theoretical aspects of 
general chemistry, and the descriptive chemistry 
of the important elements. 

1956, 499 pages 


LABORATORY MANUAL 
FOR 
COLLEGE CHEMISTRY 


1956, 250 pages 


Henry Holt and Company > 
383 Madison Avenue 
New York 17. New York 


JOURNAL OF CHEMICAL EDUCATION 
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DEMONSTRATION» ABSTRACTS 


a ree JOURNAL OF. CHEMICAL EDUCATION (1924-1956) by Hubert N. Alyea 


3se HYDROGEN (continued from March) 


D. CHEMICAL REACTIONS OF HYDROGEN (Continved) 


Hydrogen -+ oxygen explosions 


3-12s 


3-13s 


3-14s 


Safety devices. An aereator stone, as used in aquaria, is 
attached to the delivery tube inside of an ordinary H.- 
generator; this prevents any flame striking back into the 


bottle. (Conway, W. J., 15, 243 (1938).) See Dem. 3-11s 
(ec). 
Various containers for the H. + O, explosion. (a) Card- 


board milk carton. Cuta '/," slit along the side, cover with 
a strip of Scotch tape; paraffin the joint: makes a window 
for seeing the level of gases. Fill !/srd with O. + 2/srd 
with H2; explode by holding carton in tongs and bringing 
to flame. (Finn, I., 8 929 (1931).) ALyga: window hard 
to make gas-tight, see Dem. 1-7x. 

(b) Iron pipe. Explode Hz + Oy in a 1-8/,; X 9” iron 
pipe with rubber stopper in one end and a spark-plug fired 
by a coil discharge in the other; jar any water from the 
spark-plug by taping pipe. (Watton, J. H., 19, 453 
(1942).) 

(c) Hydrogen cannon. Wrap a2 X 12” Pyrex tube with 
Scotch tape; close one end with a solid rubber stopper 
through which is thrust two heavy copper wire electrodes 
with points !/,” apart; clamp firmly; fit a cork, lubricated 
with stopcock grease and bearing colored paper streamers 
on the outside, to the tube; run in He and Oy for 30 sec- 
onds; remove generator; insert stopper (not tightly) and 
strike the spark: the cork blows skyward. (RANSFoRD, 
J.E., 8. J., 27, 201 (1950).) 

Various explosive H, + O, mixtures. (a) Jn bell jar. 
(CARE) Clamp a bell jar several inches above the table; 
fasten a sheet of paper to bottom with Scotch tape; 
punch a small hole in paper and pass in H2; remove de- 
livery tube and generator to a safe distance; ignite the 
H: at an exit tube in a 1-hole stopper and tube at the top 


of the bell jar: when an explosive mixture of air + He is 
reached a violent explosion occurs. (SELLERS, J., 4, 914 
(1927).) 


(b) In tin cans. Cut the tops off three tin soup cans and 
fill them 0.1, and 0.7, and 0.3 full of Hz; invert them over 
water; when ready to use, lift from the water, cover with 
filter paper, poke a hole in the paper, and apply a lighted 
taper; the first two explode mildly (represent upper and 
lower explosion limits), the third, violently (CARE). 
(ARENSON, 8. B. for WARNER, J. C., 18, 168 (1941).) 


Commercial Torches 


3-15s 


3-16s 


Oxy-hydrogen flame. Use the oxy-hydrogen flame to (a) 
melt a wire under water in a battery jar; (6) make syn- 
thetic rubies by fusing Al(OH); + 1% chrom alum, (c) 
make synthetic sapphires by fusing Al(OH); + 1% TiO». 
(Fine, I., 8, 929 (1931).) 

Atomic hydrogen flame. Pass an oxy-hydrogen flame 
through an are. (F1ng, I., loc. cit.) 


Catalytic reactions 


3-17s Platinum + 2H: + O.. 


3-18s Hydrogenation of oils. 


3-19s 


Lower (CARE, STAND BACK) a 
small ball of platinized asbestos, suspended by a thread 
from a long stick, into an open soup can filled with 2 vols. 
H, + 1 vol. O2: violent explosion. (ARENsON, 8. B., for 
Warner, J. C., 18, 168 (1941).) ; 

(a) Dry hydrogen by passing 
through cone. H.SO,, then through CaCy; bubble the dry . 
H, through 75 ml. paraffin + 16 g. nickel formate at 
240°C. for two hours; add 800 ml. cottonseed oil; bubble 
the H, through this mixture at 200°C. for 2 hours: a soft 
yellow solid will form in 1'/2 hours, and in 2 hours a firmer 
solid. (Haus, H. D., 8, 1856 (1931).) 

(b) See article for details of apparatus, preparing Ni 
catalyst, procedure for hydrogenating cottonseed or other 
oils (KERCHEVAL, J. W., and ARMBRUSTER, L. A., 21, 12 
(1944). Atyea: A time-consuming, but interesting proc- « 
ess. 

(c) Bubble H: through cottonseed oil or corn oil in the 
presence of Rainey nickel catalyst: hydrogenation and 
thickening of the oil occurs. (Kesset, W. G., 25, 497 
(1948).) 

(d) See article for a good list of substances to hydrogen- 
ate to products with markedly different colors or melting 
points: (Tucker, S. H., 27, 489 (1950).) ALyea: com- 
plex apparatus and operations, but good list. 
Dehydrogenation of alcohols. (a) CuO wire is reduced 
at 280°C. in H, for 5 hours; 15 ml. of any alcohol (e.g. 
butanol) kept at 100° above its boiling point flows through 
at less than 1 drop per second: dehydrogenation is de- 
tected by titration with hydroxylamine hydrochloride, 
using bromphenol blue indicator, or by refractive index. 
Yields over 90% in 30 min. from 2-propanol, 1 butanol, 
and others. See article for diagram of apparatus and de- — 
tails. (ALuLIson, E., Gorsicn, R., and Brnprr, L. O., 32, 
209 (1955).) ALyEa: a student project. 

(b) Prepare copper chromite catalyst according to Or- 
ganic Synthesis, Vol. 2, page 142. John Wiley, N. Y., 
1943. (1) Heat 100 g. dodecanol + 5-10 g. copper chro 
mate catalyst to 250°C. for 30 minutes only: H: is evolved, * 
and 40% aldehyde is obtained. Isolate the aldehyde by 
dissolving in ether, filtering, shaking filtrate with sodium 
bisulfite-aq., washing with ether, and decomposing the 
aldehyde-bisulfite complex with NasCO;-sq. (2) Cetyl 
and octadecy! alcohols give aldehydes, secondary alcohols 
give 80-100% yields of ketones; see article for others. , 
(Havasz, A., 33, 624 (1956).) 


E. TRICKS WITH HYDROGEN 


3-20s 


3-21s 


A Chemical harmonica. Ignite H: in a glass or metal 
tube about '/.” in dia.: produces a loud note. WalILes, 
R. B., 9, 1302 (1932); from Pop. Sct. Mo., 120, 68 (1932).) 
Rising moth-balls. Place mossy zinc at the bottom of a 
tall glass cylinder containing NaCl-aq. of such density that 
5 moth balls barely sink init. Now add a little cone. HCI: 
Hz is evolved, sticks to the moth balls, which rise to the 
surface, there to discharge the gas, and sink again. The 
process continues merrily for an hour. (Eprrortau, 5, 
1333 (1928).) 


4s. WATER, ACIDS, BASES, 


SALTS 


© A. WATER 
Synthesis of water 


4-ls 


Burn a flame inside of a funnel leading to a tube packed in 
ice, thence to an aspirator. Suck the combustion products 


water condenses and accumulates in 
19, 453 (1942).) 


into the cold tube: 
the tube. (Watton, J. H., 


Composition of water 


4-2s 


By weight (Dumas method). (a) Pass H: over hot CuO 
wire, catching the H.O in CaCl; record the weights of CuO, 
Cu and H,O during the class hour; see article for details. 
(Brow, W. T., 13, 585 (1936).) 

(b) Place 3 g. black CuO wire or powder in a 50 ml. dis- 
tilling flask and weigh; clamp horizontally with the side- 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
] 
| 
| 
| 
| 
| 
7 
TION 


» 4-45 


4-6s 


4-7s 


4-3s By volume. 


arm facing down, and carrying a weighed CaChl,2-tube. 
Generate H, from Zn + HCl-aq., and pass through a dry- 
ing tube (see c, below) to the bottom of the flask. Pass in 
H, “until free from air” (AtyEA: DANGER, how do you 
know when?), then heat the CuO: copper forms and water 
runs into the CaCl, tube, the last traces being driven there 
by heating. Pass H, until tube is cool. Weigh the flask 
and the CaCl.-tube. Calculate the H:O ratio. (JOHNSON, 
L. D., 16, 229 (1939).) Atyra: see Dem. 4-1; I prefer to 
discuss not perform it; also it is certainly too DANGER- 
OUS for students to perform; I prefer not to risk the 
decimation of potential scientists. 

(c) The HCl used in preparing the H2 for the Dumas re- 

action catalyzes the formation of a Cu mirror; prevent 
this by putting some quicklime along with the CaCl, in 
the drying tube between generator and CuO. (SELWoop, 
P. W., 19, 374 (1942).) 
(a) Electrolysis of water. Dramatize the gen- 
eration of gas by making the Hoffman apparatus out of 5- 
ft. lengths of 8 mm. tubing, and using large current from a 
Tungar rectifier. (Lorz, F. J., 12, 98 (1935), from Sch. Sci. 
Math., 34, 811(1934).) 

(b) Electrolysis: DANGER. It is suggested that a 3- 
nick Woulff bottle of NaOH-aq. be used to generate 2H, + 
O2, with D.C. electrodes in the outer necks and a delivery 
tube leading from the center neck to a mortar of soap, and 
then to light the soap-bubbles blow. (Wruutston, A. F., 
20, 210 (1943).) Atnyea: I believe this too dangerous: 
with insufficient electrolyte, or electrodes too close, a spark 
might cause a DANGEROUS explosion. 

(c) Volume changes. Prepare 2H: + O by different 
methods; explode in a 25 ml. buret heated externally by 
resistance wire, and measure the gaseous volume change: 
see article by details. (PeTzoup, H., and Scuarr, R., 9, 
1997 (1932), from Z. phys. chem. Unterricht. 45, 97 (1932).) 

(d) Explode 2H; + O2 and measure volume changes; 
see article for elaborate apparatus. (Mose.ey, H. W., 
4, 1052 (1927).) 


Physical properties of water 


Boiling water. Fill a round-bottom flask with water; 
boil; stopper; invert; pour cold water over the flask: 
the water boils in this near-vacuum. (Corr, H. F., 7, 
1117 (1930).) 

Steam generator. (a) Make a safety-valve by slipping a 
rubber tubing with glass rod over a copper tubing soldered 
to the top of a 1-gallon gasoline can with spout; boil water 
in the can and steam issues from the spout. (FEHLANDT, 
P. R., 17, 495 (1940).) Atyea: DANGER! Duck! 
Here comes that glass rod. Maybe a rubber policeman 
would be safer. 

(b) Current from a variable transformer leads to two '/;” 

welding rods which project through a 3-hole rubber stop- 
per in a liter flask; the rods are connected at the bottom 
by a coil of 12 ft. of No. 24 Nichrome wire. The 3 holes 
of the stopper carry (1) a funnel of water, with rubber 
type and pinch-cock, (2) a U-tube of 6 mm. tubing con- 
taining Hg and passing into the flask as a safety-valve, 
and (3) an exit tube for the generated steam. (GrarFrF, 
M. M., 24, 182 (1947).) 
Aqueous tension. (a) A 2-hole rubber stopper carries a 
thermometer, and a mercury barometer which projects 
into water in a filter flask; provide the side-arm with rub- 
ber tube with screw-clamp. Boil the water 7 minutes to 
expel air; close the screw clamp; record the height of the 
mercury as the water cools down, having the students 
check this with accepted values. (Devor, A. W., 22, 144 
(1945).) 

(b) Ina3 X 60 cm. tubing over a burner place a U-tube 
of 8 mm. tubing 1 meter high, both arms are evacuated and 
containing 50 cms. of Hg in one arm, and 1 cm. H.O + 50 
ems. of Hg in the other. (The Hg arm can project out of 
the tube into a 30 ml. bulb immersed in dry-ice acetone). 
Heat the tube: a difference in manometer heights indi- 
cates aqueous tension. (ARENSON, S. B., for CaRMopy, 
W. R., 17, 434 (1940).) 

Humidity indicators. (a) CoCl-paper turns pink in dry 
weather and blue in wet weather (Eprrortau, 5, 1333 


(1928)). Cut to the shape of an umbrella or rain-cape to 
make realistic. (Sorum, C. H., 5, 1287 (1928).) 

(b) Wet-dry bulb. Wrap wet cloths around the bulbs of 
two thermometers, and suspend them in stopper bottles in 
which 500 ml. of (1) water and (2) cone. H2SO, have been 
standing over-night: in 15 minutes the thermometers will 
differ by several degrees. (Wiuson, E. B., 17, 548 (1940).) 


Chemical properties of water 


4-8s 


4-9s 


Deliquescence and efflorescence. (a) Inside of a bell- 
jar, counterbalance a beaker of water containing conc. 


Na.S.0;-aq.: in a few hours the balance tips noticeably 
as the thiosulfate deliquesces. (BILLINGER, R. D., 14, 375 
(1937).) 


(b) Place anhydrous CuSO, and crystals of NaCOs, 
6H,O0 at opposite ends of the same tube: one turns blue, 
the other effloresces. (2) Ditto with CaCl. and NasCOs, 
6H:20: one becomes liquid; the other, powdery. (STern- 
BACH O.F., 20, 146 (1943).) ALtyEa: combine the ideas 
in (a) and (b) by suspending tube (b) at its mid-point: not 
only will the changes indicated there take place, but the 
tube will sag at the deliquescing end. 

Desiccator. Support a crucible on a mound of wire gauze 
above a heap of CaCl. in a wide-mouth jar (Day, J. E., 
and WaLKE, E. W., 5, 597 (1928).) 


4-10s Water of hydration (Quantitative experiment). (a) Heat a 


hydrate to constant weight: BaCl, 2H:O gives excellent 
results; FeSO,, 7H.O or CuSO,, 5H2O are slightly less 
satisfactory. (FarquHar, B. S. and Ray, F. E., 14, 88 
(1937).) 

(b) Heating device. Place the hydrate in a 30 ml. cruci- 
ble inside of a 325 ml. Ni crucible, a thermometer led in 
through its lid, over a Bunsen burner. Heat CuSO,, 
5H.0 to 250°C. Variable results are obtained with Mn- 
SO,, nH:O. (THornton, W. M., Jr., Roseman, R., and 
NEISHLOss, M., 9, 1645 (1932).) 


Industrial uses of water 


4-1ls Model of filtration plants. 


4-12s Hardness of water. 


(a) Filtration plant used in 
purifying Lake Michigan water at Muskegon, Mich., see 
article for 2 photographs and floor plan. (Mayrose, W., 
16, 83 (1939).) (6) Sewage plant, ditto. (MayYRoseE, 
W., 17, 167 (1940).) 

(a) For tests see Brrcun, E. J. H., 26, 
196 (1949). (b) For indicators of alkalinity, see Brooke, 
M., 30, 419 (1953). 


4-13s De-ionized water. As much as 2 gallons per minute can be 


4-14s Models of acids and bases. 


4-15s Naturally occurring acids. 


obtained by running water directly from the tap through 
water de-ionizer. Crystalab Deemajet Model DJ-128, 
Crystal Research Laboratories, Inc., 29 Allyn St., Hartford 
4, Conn. (Eprrorta, 33, A299 (1956).) See topic 8 for 
ion exchange resins. 

See article for details. 
(Herron, F. Y., 30, 199 (1953).) 

Malic and citric acids in many 
fruits; see article for list. Ozalic acid in apples, blackber- 
ries, cherries, currents, dried figs, grapefruit. Boric acid 
in dates, dried figs, dried peaches, prunes, raisins. TJ ar- 
taric acid in appricots, grapes, grapefruit, prunes, black 
raspberries. Succinic acid in apples, blackberries, cherries, 
mulberries. Benzoic acid in cranberries, plums, prunes. 
Lactic acid in apples, cherries. Quinic acid in cranberries, 
whortleberries(?). Acetic acid in figs. peaches. Levulinic 
acid in quinces. Isocitric acid in blackberries. (NECKERS, 
J. W., and Assort, T. W., 14, 147 (1937), from Sch. Sci. & 
Math., 36, 986 (1936). 


Hydrochloric acid 
4-16s Synthesis. Combine H, + Cl: in a 100 ml. glass cylinder 


with a blue-glass plunger, making it possible to measure 
volume changes without using a confining liquid. See 
original article in Z. physik. Chem. Unterricht, 49, 247 
(1936). (DoERMER, 14, 195 (1937).) 


4-17s Solubility. See Dem. 5-12, the HCl fountain. Mix a little 


conc. HCl + cone. H2SO, in a tall cylinder; after HC! fills 
the cylinder, invert it quickly in water: the water rushes 
up, and may knock the bottom out of the cylinder. (AREN- 
son, S. B., for CHANDLER, E. E., 17, 513 (1940).) 


(Topic 4s. will be continued in the May issue) 
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TWO of these Heath texts 
are NEW—you will find 
them all OUTSTANDING 


College 
Chemistry 


William H. Nebergall 
and Frederic C. Schmidt 


FEATURES of the book: 


¢ Combines and integrates general chemistry 
and qualitative analysis 


* Gives the qualitative scheme of analysis in 
Part IV 
Thioacetamide for sulfide precipitations 
Semimicro 


¢ Emphasizes and uses concepts of atomic and 
molecular structure and chemical bonding 


Introduction 
Organic Chemistry 


L. F. Fieser and M. Fieser 


This text is new in conception and execution. 
Part I contains the theoretical and factual ma- 
terial for a year’s course. Part II, “‘ Applications 
to Research,” is a wholly new feature. Each of 
the 24 sections discusses the research leading to 
our knowledge of some specific process, com- 
pound, or group of compounds. 


Hopkins and Bailar 
GENERAL CHEMISTRY FOR COLLEGES, 
Fifth Edition 7ll p. $6.75 


Daggett and Meldrum 
QUANTITATIVE ANALYSIS 480p. $5.50 


L. F, Fieser and M. Fieser 
ORGANIC CHEMISTRY, Third Edition 


1117 p. $9.00 
L. F. Fieser- 


EXPERIMENTS IN ORGANIC CHEMIS- 
TRY, Third Edition 364 p. $5.50 


Let us tell you more about these texts! 


D. C. HEATH AND COMPANY 


SALES OFFICES: 
ENGLEWOOD, N. J. CHICAGO 16 SAN FRANCISCO 5 
ATLANTA 3 DALLAS 1 HOME OFFICE: BOSTON 16 


MACK 
GARRETT 
HASKINS 

VERHOEK 


TEXTBOOK OF CHEMISTRY 


SECOND EDITION 


An up-to-the-minute revision of this preferred col- 
lege text including new material on radioactivity, 
atomic and solar energy as sources of fuel and 
power plus a dynamic new chapter on explosions, 
jets and rockets. Many new illustrations supple- 
ment the text. 


LABORATORY MANUAL FOR THIS POPULAR 
BOOK AVAILABLE THIS SUMMER: 


CHEMISTRY FOR THE LABORATORY 


MYSELS 
COPELAND 


INTRODUCTION TO THE 
SCIENCE OF CHEMISTRY 


This classic beginner’s text has been completely 
reorganized to present the student with a logical, 
step-by-step ascent from the simple to the complex, 
from experiment to theory. - Diagrams and graphic 
material are abundant. Order these texts from 


GINN AND 
COMPANY 


HOME OFFICE: BOSTON SALES OFFICES: 
New York 11 Chicago 16 Atlanta 3 Dallas 1 
Columbus 16 San Francisco 3. Toronto 7 
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FIOLLOW SPINDLE 
LAB-STIR 


NO. 77-678 $29.00 SPARKLESS CONTINUOUS DUTY 
VARIABLE SPEED 


“Hollow Spindle’ LAB-STIR is now offered in two 
models—single speed which runs at 1500 r.p.m. and 
variable speed with rheostat control that operates between 
100 and 1550 r.p.m. under load. Both are suitable for 
continuous, light duty laboratory stirring and can be 
mounted on any laboratory support. The Hollow 
Spindle minimizes “‘wobble’’ and permits use of non- 
corrosive more fragile plastic and glass stirring rods. 
NO. 77-677 $22.50 Convenient fingertip adjustment of the stirring rod's 

(without agitator) working length can be made without disturbing work 


SINGLE SPEED progress. 


SCIENTIFIC | 


INSTBUMENTS 
£-APPORATUS 
CORPORATION 


ANN ARBOR. MICH.. 1843 


Write for Bulletin 440-H 


SERIES 4500-STIRRER TYPE 
PRESSURE REACTION APPARATUS 


Laboratories engaged in hydrogenation, alkylation, hydroly- 
sis, polymerization, sulfonation and other pressure reactions 
will recognize many applications for this versatile stirrer- 


type apparatus. 


An internal stainless steel cooling coil can be added, if 
desired. Maximum operating pressure is 1000 psig at 350 C. 


The \-liter bomb (A) weighs only 30 Ibs. The same assembly the stirrer. Bombs are made of type 316 stainless steel or from 
with 2-liter cylinder weighs 34 Ibs. Notice (B) how the head other alloys on special order. Both | and 2 liter bombs 
can be removed without disturbing the fittings. Special heads operate in the same 1500 watt electric heater with variable 
(C) with any combination of fittings can be substituted for voltage temperature control. 


ARR instRuMENT CO.. MOLINE. ILLINOIS 
EST. 1899 © MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 


JOURNAL OF CHEMICAL EDUCATION 
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SEMI-MICRO 
Wilkens-Anderson has earned its place as specialist 
in Apparatus for Semi-Micro chemistry . . . through 
the years authors have looked to us for the pieces 
which made their Semi-Micro text books and 


manuals so successful and easy to use! Seven text 
books now show WACO S-M apparatus! 


WEISBRUCH-WACO 
Reagent Bottle Tray 


Eliminates all storage batteries 

and According to 
; SEMI-MICRO LABORATORY EXERCISES 
storage battery accessories In High School Chemistry, by Fred T. Weisbruch. 


for Holds complete set of student reagents in WACO 
SPECTROPHOTOMETERS Reagent Bottles, in rows. Made of hard maple and 


. birch, a permanent piece used many years. Size 
especially the Beckman Mode! DU) 12 x 1014 x 1% inches. Without bottles, $3.25 


and each . . . in dozen lots $2.95 each. Specify Cat. 
GENERAL No. JC 10490-1. 
LABORATORY APPLICATIONS 
HAND FINISHED SPATULAS 


. Perfectly shaped spatulas for Semi-Micro 
5 volts to 10 volts dc Qualitative and Organic Chemistry. 
WACO Monel Spatulas are nicely. 
up to 6 amperes 
Flexibility ... permanence... 
Lower Voltages from a divider onomy. These are prime reasons 
furniture finds so much favor with 
architects and builders of 
laboratories. Aloe MODULINE is 
flexible in function and arrangement, 
permanent in its all-welded 
write fo d Co construction, economical in initial 
intereste cost and upkee 


For educational, research, industrial 
laboratories . . . wherever the best 
laboratory furniture is called for... 
more and more builders specify 
Aloe MODULINE. Write for free 
MODULINE brochure. Dept. 127. 


aeloe scientific 
DIVISION OF A. S. ALOE COMPANY 

5655 Kingsbury, St. Lovis 12, Mo. 

14 divisions coast-to-coast 
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FIOLLOW SPINDLE 
LAB-STIR 


NO. 77-678 $29.00 SPARKLESS * CONTINUOUS DUTY 
VARIABLE SPEED 


“Hollow Spindle’’ LAB-STIR is now offered in two 
models—single speed which runs at 1500 r.p.m. and 
variable speed with rheostat control that operates between 
100 and 1550 r.p.m. under load. Both are suitable for 
continuous, light duty laboratory stirring and can be 
mounted on any laboratory support. The Hollow 
Spindle minimizes ‘‘wobble" and permits use of non- 
corrosive more fragile plastic and glass stirring rods. 
NO. 77-677 $22.50 Convenient fingertip adjustment of the stirring rod’s 

(without agitator) working length can be made without disturbing work 


SINGLE SPEED progress. 


SCIENTIFIC 


INSTRUMENTS 
CORPORATION 


ANN ABBOR. MICH.. ESTABLISHED 1849 


Write for Bulletin 440-H 


SERIES 4500- STIRRER TYPE 
PRESSURE REACTION APPARATUS 


Laboratories engaged in hydrogenation, alkylation, hydroly- 
sis, polymerization, sulfonation and other pressure reactions 
will recognize many applications for this versatile stirrer- 


type apparatus. 


An internal stainless steel cooling coil can be added, if 
desired. Maximum operating pressure is 1000 psig at 350 C. 


The |-liter bomb (A) weighs only 30 Ibs. The same assembly the stirrer. Bombs are made of type 316 stainless steel or from 
with 2-liter cylinder weighs 34 Ibs. Notice (B) how the head other alloys on special order. Both | and 2 liter bombs 
can be removed without disturbing the fittings. Special heads operate in the same 1500 watt electric heater with variable 
(C) with any combination of fittings can be substituted for voltage temperature control. 


fuk your tor PARR INSTRUMENT CO., MOLINE. ILLINOIS 


ad “tie EST. 1899 e MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 
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Eliminates all storage batteries 
and 
storage battery accessories 
for 
SPECTROPHOTOMETERS 
(especially the Beckman Model DU) 
and 
GENERAL 
LABORATORY APPLICATIONS 


5 volts to 10 volis dc 
up to 6 amperes 
Lower Voltages from a divider 
*Patent Pending 


it- 


ed technical personnel we 
pany letterhead. 


NEW. YORK. 
— 
INT. 
76 Varick Street, New York 13, 
j shone: CAnal 6-6504 


SEMI-MICRO 


WACO APPARATUS 


Wilkens-Anderson has earned its place as specialist 
in Apparatus for Semi-Micro chemistry . . . through 
the years authors have looked to us for the pieces 
which made their Semi-Micro text books and 
manuals so successful and easy to use! Seven text 
books now show WACO S-M apparatus! 


WEISBRUCH-WACO 
Reagent Bottle Tray 


According lo 
SEMI-MICRO LABORATORY EXERCISES 
In High School Chemistry, by Fred T. Weisbruch. 


Holds complete set of student reagents in WACO 
Reagent Bottles, in rows. Made of hard maple and 
birch, a permanent piece used many years. Size 
12 x 1014 x 144 inches. Without bottles, $3.25 
each . . - in dozen lots $2.95 each. Specify Cat. 
No. JC 10490-1. 


HAND FINISHED SPATULAS 
Perfectly shaped spatulas for Semi-Micro 
Qualitative and Organic Chemistry. 
WACO Monel Spatulas are nicely bods 
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Alcoa’s fascinating 
new teaching aids tell 
story of aluminum production 


Write for them... they’re free 
Integrated 15 x 21-in charts plus kit of exhibits tell Photometers 


complex story of aluminum production in simple, stimu- 
lating fashion. Available one to a high school for use 
in chemistry classes. Supplement these materials with 
booklets and with showings of Alcoa motion -pictures 
described in free catalog. Write ALUMINUM COMPANY 
OF AMERICA, 803-K Alcoa Building, Pittsburgh 19, Pa. 


Your Guide to the Best = Ft 
in Aluminum Value 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


L 
LETT SCIENTIFIC PRODUCTS——— 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. | 


179 EAST 87TH STREET, NEW YORK N. Y. 
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Fast! Accurate! Economical! 
GOW-MAC 
GAS CHROMATOGRAPHY 


Whether you are responsible CEl 
for budgets or not, management be Tt 


costs. O-WAY” Test is i 
highest quality glassware for the | ay For 225°C operation. Three models in bras§ 
lowest possible cost. rene 
THIS IS THE “TWO-WAY” a or stainless steel to meet specialized applica- 
TEST ! ai Wev tions. Small internal volume, fast response,, 
Gites convenient mounting, electrical connection 
of advertised brands of labora- eat outside of bath. 
tory glassware making sure that su 
one of them is Doerr Diamond Temperature Regulated Cell 
D Blue Line. Test these sam- | ih : 
ples for the qualities and char- ui For operation at 
acteristics you require in your ea room temperature 
geet and record the re- i or 200°C. A com- 
sults. 
STEP 2. Compare the prices of " plete T/C unit 
the brands tested. You will find ih with brass or stain- 
the Doerr Diamond D Blue Line i less steel gas flow, 
outstrips every competitive 
brand in quality and sells at é preheater, close 
the lowest possible cost. temperature regu- 
lation, rapid elec- 


trical and gas con- 


mee Power Supply and 
Control Unit 
gives five minute hook-up with 
complete circuitry for these 
T/Ccells. Write Dept. CE for 
catalogs or recommendations. 


DOERR GLASS COMPANY 
100 MADISON, 


FOR MAXIMUM UTILITY... MINIMUM MAINTENANCE 


m © Lime street casoratory ‘FURNITURE. 


. permanence... 

~ economy. These are prime reasons 
Aloe MODULINE unitized steel 
furniture finds so much favor with 
architects and builders of 
laboratories. Aloe MODULINE is 
flexible in function and arrangement, 
permanent in its all-welded 
construction, economical in initial 
cost and upkeep. 


For educational, research, industrial 
laboratories . . . wherever the best 
laboratory furniture is called for... 
more and more builders specify 
Aloe MODULINE. Write for free 
MODULINE brochure. Dept. 127. 


eaeloe scientific 
DIVISION OF A. S. ALOE COMPANY 
| ; 5655 Kingsbury, St. Lovis 12, Mo. 


VOLUME 34, NO. 4, APRIL, 1957 


fish 
> 
> 
My 
\ 
| <j = 
A193 


STOP INJURIES | 
PIONEER THISTLE TUBES 


are UNBREAKABLE 


Our THISTLE TOPS are sup- 
plied with a special 6mm Saran 
stem ten inches long. 


Used by many of our largest 


universities. 
| 
| 


Also available without the stem | 
for use with 6mm glass tubing. 


ECONOMICAL as well as SAFE 


Replace your glass thistle tubes 


HELIUM - NEON - ARGON - 


LINDE rare gases are produced under continuous 
mass spectrometer contro] to assure you of gases 
of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
nicians and engineers to all of its customers on 
their rare gas problems. 

Write for the booklet, ‘““LinpE Rare Gases” 
which contains information on the physical, chem- 


with PIONEER THISTLE 
TUBES. 
T-6S THISTLE TOP with ten inch Saran stem, 


unassembled, price....dozen $5.52 
case (72) 25.92 


T-6 THISTLE TOP only, for use with 6mm glass 
tubing, price....dozen $4.32 
case (72) 18.72 

through leading supply houses or direct 


ask for latest bulletin describing our complete line 
minimum order $10.00 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH DAYTON 9, OHIO 


| 


ical, and electrical properties of these gases. 


LINDE AIR PRODUCTS CUMPANY 


A Division of 
Union Carbide and Carbon Corporation 
30 East 42nd Street [IES New York 17, N. Y. 
In Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited 
(formerly Dominion Oxygen Company) 
The term “Linde” is a registered trade-mark of Union Carbide and 
Carbon Corporation. 


WATER STILLS 


With a Barnstead Water Still 
you get a constant, automatic 
supply of chemically pure, 
sterile water of absolute qual- 
ity. Other Stills with capacities 
of up to 1000 G.P.H. Write for 
Catalog G. 


BOTTLE PUMP 


Barnstead Ventgard Bottle Pump 
pumps distilled water or other 
liquids from carboys. Protects un- 
used contents from air-borne con- 
tamination. Traps particles, dust, 
mist, bacteria, radioactive dust, 
etc. Removes particles as small as 
0.2 micron. Write for Bulletin #140. 


TIN-LINED PIPING 


Complete line of tin-lined piping, tin- 
lined valves and tin-lined fittings 
designed especially for 


distilled water distribu- : 
tion systems. Write for 
Bulletin #139. 


STOCKED BY YOUR LABORATORY SUPPLY DEALER 


Barnstead 


(SARNSTEAD ST 


65 Lanesville 31, 


idine 


Anserine 
Carnosine; Cata' Cerotic Acid; 


cid; 


thylpyridinium 
Acid; Gluco- 


Acid; | 


de, 


Acid; Sodium Amide; Sodium Fluoroacetat — 
gosine; Stilbamidine; Sulfaquinoxaline; 
phenyl; m-Terphenyl; Acid 
rol; 8-Tocopherol Phosphate; -Tocopherol Ph 

line; Tropic Acid; Tyrosinase; eryst.) Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS wc. 


4 23 West 60th St. New York 23,N. “Y. 
Telephone PLaza 7-6317 
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as 


CRUCIBLES 


HIGHLY RESISTANT 
TO CHEMICAL ATTACK 
AND THERMAL SHOCK 


Coors Crucibles are avail- 
able in a complete variety of 
sizes and styles. 

Crucible Covers for all 
crucibles with which covers 
are regularly used are also 


supplied. 


OBTAINABLE FROM YOUR 
LABORATORY SUPPLY DEALER 


Water Demineralizers 


Model BD-1 (left) produces de- 
mineralized water in continuous 
flow from 5 to 8 gallons per hour. 
' Model BD-2 (right) operates under 
| pressure . . . produces from 5 to 
| 25 gallons per hour. Both employ 
' replaceable resin cartridge. No 
moving parts—connects to any tap. 


WATER BATH 


Completely portable . . . bottle feed 
or hose connection . . . inside shelf 
for flasks . . . six outside openings 

14-tube holder in center... 
polished metal exterior . . . built-in 
switches and pilot light. One filling 
operates bath for more than 10 
hours at low heat. 


PURITY METER 


Checks purity of distilled water 
as well as demineralized water 
in just 30 seconds. Provides that 
extra measure of protection at 
low cost. 


STOCKED BY YOUR LABORATORY SUPPLY DEALER 


arnstead 


We recommend... 


OLIDS-LIQUIDS-GASES- SOLIDSLIQUIDS- 


20s. 5 sane 


“The Versaiile Desiccant’” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H2O per liter. 


Versatile— An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative—Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


| 
| 
| 
(| 
| 
i 
GOLDEN, COLORADO 9, | 
| 
for the Laboratory (ll 
| | 
| | 
| 
| 
| | 
| 
C2 
65 Lanesville Terrace, Boston 31, Mass. 
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ACETOBROMOGLUCOSE 

BULBOCAPNINE HCL 

| a-HYDROXY PHENAZINE 

| ITACONIC ANHYDRIDE 

| 6-MERCAPTOPROPIONIC ACID 

| a-METHOXY PHENAZINE 

| 0-NITROBENZALDEHYDE 

j PHENYL GLYOXYLIC ACID 

PIPERONYLIC ACID 
PYRROLE (LAB PREP) 

“ | SODIUM GLYOXYLATE 

| SODIUM THIOGLUCOSE 


Incorporated 
29-46 Northern Bivd., LIC 1, N. Y. 


$ 35.00/25 
100.00/5g 


ALPHA BROM ACIDS, ESTERS 
We manufacture and stock a wider 
variety of alpha brom acids and esters 
than any other lab supply house. Write 
for 1957 catalog. 


SAPON LABORATORIES 


101 E. Hawthorne Ave., Valley Stream, N. Y. 
CHEMICALS 
METALS 


RA R MINERALS 


RARE EARTH METALS, H. P. 
Send for New Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


NOW OVER 5100, 
CHEMICALS 


Indoxyl 
Indoxy!potassium Sulfate 
Iodine Pentafluoride 
Iodine Trichloride 
2-Iodothiophene 

Iridium Nitrate 

Iron Fluoride 

Iron Hypophosphite 

Iron Iodate 

Iron Iodide 

Iron Oleate 


EXPERT POLARIMETER 


REPAIRS 


ADJUSTMENT OF OPTICAL SYSTEM 


O0.C.RUDOLPH &SONS 


Manufacturers of 


Optical Research & Control Instruments 
P. O. BOX 446, CALDWELL, N. J. 


UNKNOWNS 


Qualitative Analysis Classes 


For 


(plastic covers available) 


kers 


Sample Storage Sets 


Write 


117 Liberty Street 


ractice in s 
Meth thods used . 


faces in use 


esigners. 


Saves Valuable Class Time 
CHEMICAL SYMBOLISM & CALCULATIONS 
By Stanley W. Morse, S. F. State 


Affords a quick review of pre-college chemistry and needed 
ymbolism and calculations. JCE says: 
. are based on an understanding of princi- 
ples rather than on memorization of formulas.” 
Send for examination copy of this helpful aid. $2.00. 


COMPACT HEAT EXCHANGERS 
By W. M. Kays and A. L. London, Stanford 


A comprehensive treatment of all major heat transfer sur- 
today. The results of ex 
lytical work are made readily usefu 


Sent on 10-days approval. 
NATIONAL PRESS 435 Alma St., Palo Alto, Calif. 


imental and ana- 
to heat-exchanger 


ADVERTISERS’ INDEX 
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Numbered Self-Adhesive Labels 


R. P. CARGILLE LABORATORIES, INC. 


for details 


New York 6, N. Y. 


Delta Chemical Works, Inc. 
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Doerr Glass Co 

Agency: Geo. F. Walsh Adv. 
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High operating temperatures, i.e. up to 
450° C 


Six separately controlled 200-watt 
heaters 


Fume duct support adjustable to take 
flasks from 10 to 100 ml, and tubes 
of various sizes, at any desired angle 


Corrosion-resistant throughout 


HIGH TEMPERATURE 


KJELDAHL DIGESTING APPARATUS, Micro, Elec- 
tric, Thomas-Labconco. With six 200-watt heaters, 
each with separate rheostat control, pilot lamp and 
“on-off”? switch, for completely independent operation 
at temperatures up to 450° C. Controls are mounted in 
a Stainless steel housing, and finish is corrosion resist- 
ant throughout. With fume duct of Pyrex brand 
glass. Support is adjustable to accommodate Kjeldahl 
flasks 10 ml, 30 ml or 100 ml capacity, making the 
apparatus suitable for micro or semimicro analysis. 
Heat production is adequate for larger Kjeldahl 
flasks* or for pressure digestions using sealed tube pro- 
cedures. Fume duct is in accordance with “Recom- 
mended Specifications for Microchemical Apparatus,” 
Division of Analytical Chemistry, American Chemical 
Society; see Analytical Chemisiry, Vol. 23, No. 3 
(March, 1951), p. 524. 


The disc-shaped heaters, consisting of heating ele- 
ments embedded in refractory cement, are spaced 3 
inches from center to center on the transite top of the 
Stainless steel housing and are separated from the 
controls by a ventilated air chamber 11% inch high, 
beneath which is a second transite strip. Each heater 
has a removable, circular top of Stainless steel with 
opening 26 mm diameter and concavity for supporting 
the bottom of a 30 mi Kjeldahl flask. Readily insert- 


“For use with Kjeldahl flasks 100 ml or larger, the Apparatus can be fur- 
nikal ay same price with heater tops to fit in place oP the tops regularly 
urnis! 


A.H.T.CO. 
PHILA USA 


| \ABORATORY APPARATUS 
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KJELDAHL DIGESTING APPARATUS 


able wire gauze discs are available for use in openings 
of heater tops to support 10 ml Kjeldahl flasks and 
tubes less than 26 mm in diameter. 


Individual switches, pilot lamps and temperature 
control knobs, with dials graduated in 10 arbitrary 
divisions, are mounted on front panel and are insu- 
lated by a transite panel from the six 50-ohm rheostats 
mounted in ventilated rear compartments. Housing is 
191% inches long x 754 inches deep x 103% inches high 
to tops of heaters. 


Fume duct, 516 mm long x 51 mm outside diameter, 
has six openings 22 mm diameter for flask necks and 
slopes toward center for drainage through the central 
outlet tube, %%-inch outside diameter. The fume duct 
is held.in position by the Stainless steel, spiral springs 
of two slotted aluminum clamps supported by wing- 
shaped brackets at the back corners of the housing. 
The flexible attachment of the clamps to L-shaped 
slots in the brackets by two bolts with wing-nuts and 
washers permits easy adjustment to support flasks or 
test tubes up to 12 inches long at any preferred angle 
over a wide range. 


7498-E. Kjeldah! Digesting Apparatus, Micro, Thomas-Labconco, 
Electric, as above described, with six independently controlled 200- 
watt heaters. Complete with six heater tops to support 30 mi Kjeldahl 
flasks, fume duct made of Pyrex brand glass, two clamps to support 
duct, two additional bolts for locking clamps in desired position, and 
4 ft., 3-wire connecting cord with 2-prong attachment plug cap and 
grounding tail. For use on 115 volts, a.c. or d.c. Maximum power 
censumption 1200 watts 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas J{ Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA, PA. 
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Some recent and forthcoming titles... 


The CHEMISTRY of ORGANIC MEDICINAL PRODUCTS, Fourth Edition 


By GLENN E. JENKINS, Purdue University; WALTER 
H. HARTUNG, Medical College of Virginia; KENNETH 
E. HAMLIN, JR., Abbott Laboratories; and JOHN B. 
DATA, Purdue University. Completely revised to re- 
flect the advances of recent years, this volume con- 
tinues to give your students a rational system of chemi- 
cal classification for organic medicinal compounds. 
Emphasis is on the relationship between chemical struc- 


By HAROLD C. WEBER aud HERMAN P. MEISS- 
NER, both of The Massachusetts Institute of Technology. 
New edition includes an expanded treatment of fluid 
flow, plus descriptive chapters on "etted cycles, engines, 
and refrigerators. This material has been carefully 
tested in chemical engineering courses at M.I.T. Like 
its predecessor, the second edition provides a compre- 


By H. C. van ve HULST, University of Leiden. An 
authoritative coverage of available data on the scatter- 
ing of light. Where gaps have existed in published 
information, the author has carried out his own calcu- 
lations to form a complete treatment. About half the 
figures have been drawn especially for the volume and 
most of the tables are new. Part III is given over to 


By E. J. CRANE, The Chemical Abstracts Service; the late 
AUSTIN M. PATTERSON; and ELEANOR B. MARR, 
Hunter College. Tells students how and where to find 
recorded chemical information when they need it. The 
second edition keeps pace with the rapid growth of 
chemical literature in recent years. Among the new 
material are chapters on trade sence and on govern- 


A Concise Description of the Structural Elements of 
Scientific and Technical French. By WILLIAM N. 
LOCKE, The Massachusetts Institute of Technology. Gives 
chemical engineering students a quick, practical a 

roach to the reading of contemporary technical French. 

equires no previous knowledge of the language. 1957. 
112 pages. Approx. $2.25. 
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THERMODYNAMICS for CHEMICAL ENGINEERS, Second Edition 


LIGHT SCATTERING by SMALL PARTICLES 


A GUIDE to the LITERATURE of CHEMISTRY, Second Edition 


Send today for your examination copies. 


or rustowme SOHN WILEY & SONS, Ince 440-4th Ave., New York 16, N.Y. 


ture and physical properties and physiological activity. 
The fourth edition covers late developments in anti- 
biotics, tranquilizing drugs, oral insulin products, anti- 
histimines, and other medicinal agents. It also pre. 
sents one of the most recent brief treatments of stcrio- 
isomerism. Coming in July. Approx. 610 pages. Prob. 
$10.00. 


hensive coverage of principles and rs lications of ther- 
modynamics from the viewpoint of both the engineer 
and the chemist. A full battery of illustrative examples— 
designed to make the student rhink rather than merely 
calculate—make the text more effective than ever be- 
fore. Coming in July. Approx. 436 pages. Prob. $8.00. 


specific applications, including those in chemistry. 
Parts I and II present more generalized discussions and 
convenient methods for solving new curves. A pub- 
lication in Wiley’s Structure of Matter Series, Maria 
Goeppert Mayer, Advisory Editor. 1957. Approx. 46) 
pages. Prob. $10.00. 


ment publications of interest to chemists and the chemical 
industry. In this edition particular attention is given 
to listing collective indexes and to giving the changes 
that have occurred in the names of important journals. 
The chapter on procedure in literature searches is greatly 
changed to make it more useful to the student. 1997. 
379 pages. College edition $8.00. 


A Concise Description of the Structural Elements 0! 
Scientific and Technical German. By GEORGE CON- 
DOYANNIS, S+. Peter's College. A German scientific 
grammar, ‘planned for use with unsimplified technical 
reading matter in conjunction with a dictionary. 1957. 
163 pages. Prob. $2.50. 
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FOR YOUR INFORMATION 


Nyion milk bottles 


When you're looking to labora- 
tory-stage plastics for new 
developments, it is somewhat 
startling to realize that a new 
raw material has come from 
one of the better established 
plastics, nylon. 

For nylon—first a synthetic 
fiber and more recently a new 
molding compound—is now ex- 
trudable as well. The extrusion 
industry can, for the first time, 
utilize PLAskoN nylon with 
standard equipment and stand- 
ard techniques. 

The import of this develop- 
ment is underlined by the 
products made possible. Tough, 
transparent milk bottles and 
packaging films. Strong, steri- 
lizable baby bottles and 
aerosol bombs. Flexible, high- 
burst-strength lubricating sys- 
tems and speedometer cables. 
Abrasion-resistant wire cover- 
ing and automotive scuff pads. 

A 5 mil extruded sheet, for 
example, is remarkably tough 
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> nylon milk bottles 
> farming fish 
> paper coating 


and transparent. Other impres- 
sive properties are high impact 
resistance over a wide tempera- 
ture range, good chemical re- 
sistance, ease of colorability 
with a penetrating dye or by 
pigmentation of pellets. 

Several grades of PLAsKON 
nylon — polycaprolactam-type - 
generally known as “nylon 6” 
—are available for extrusion: 
Piaskon 8201 for general pur- 
pose extrusion; a heat-stabilized 
form for high temperature and 
wire covering applications; 
special high viscosity and flexi- 
ble grades, 


Farming fish 
We were going to say, “Don’t 
forget to give your fish their 
fertilizer this year.” 

What we mean is this: don’t 
forget to give ~our algae their 
fertilizer this year. Well-ferti- 


lized algae make better meals 
for plankton, which make better 
food for insects, upon which 
feed small fish, which in turn 
end up on the menus of large 
fish. 

You can improve fishing 
within a single year by apply- 
ing plant food to ponds. Fish 
in fertilized ponds can become 
five times larger, both fatter 
and longer. 

Applying the fertilizer is al- 


PLaskon and ARCADIAN are Allied Chemical 
trademarks. 


most as easy as pulling the fish 
out on the end of a line. You 
can either spread it from the 
side of a boat or, on larver 
ponds, use the newest tech- 
niques of aerial application. 
Free-flowing ArcapIAN ferti- 
lizers can be quickly and easily 
spread on a pond by conven- 
tional dusting planes. 

The best fertilizers for fish 
ponds have a high nitrogen 
analysis. Their nitrogen-phos- 
phorus-potash (N-P-K) ratio 
should be at least 2-2-1 or 1-1-1. 
Like Arcaptan 12-12-12. 


Paper coating 


A key problem in coating paper 
on today’s fast machine coaters 
is viscosity control. The aim: 
to increase total solids content 
(for better coating) without 
increasing viscosity. 

Experimental data prepared 
by the Nitrogen Division re- 
search group indicate that small 
amounts of urea give large vis- 
cosity reductions and drastical- 
ly lower the rate of viscosity in- 
crease on standing. Urea also 
lowers thixotropic index and 
permits use of adhesive disper- 
sions with higher solids content. 

A paper titled ‘Viscosity 
Control of Paper Coating Ad- 
hesives” contains 15 substan- 
tiating graphs. We'd be pleased 
to send a copy. 


Creative Research 


These examples of product de- 
velopment work are illustrotive 
of some of Allied Chemical’s 
research activities and opor- 
tunities. Allied divisions  ffer 
rewarding careers in many 1ij- 
ferent areas of chemical rese.rch 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
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CENCO'S 
NEW PORTABLE 


Karl Fischer 
Moisture 
Determinator 


This compact, self-contained instrument utilizes the popular Karl Fischer method of 
water content determination. It is extremely useful for spot checks at field stations or control 
points as well as for permanent use in small laboratories and quality control installations. 

Analyses of liquid, solid and gaseous samples are possible without removing the basic 
apparatus from the case. Samples may be measured from a few parts per million to over 50% 
water. Accuracy of determinations varies from plus or minus 10% in the 0 to 100 parts per million 
range to plus or minus 0.2% in the higher ranges. 


The unit.is quickly and easily set up and plugs into any 115 volt, 60 cy. circuit. Order 
today or write for Circular No. 1278. 


No. 26800 Moisture Determinator with case but without pipettes or chemicals 
Made under license by Phillips Petroleum Company 


CENTRAL SCIENTIFIC COMPANY 


the PARK ROAD, CHICAGO 143, ILLINOIS 
| BRANCHES AND OFFICES—CHICAGO * MOUNTAINSIDE, W. 3. © BOSTON BIRMINGHAM * DETROIT 
swpplies in the world | CENTRAL SCIENTIFIC CO. OF CALIFORNIA—SANTA CLARA LOS ANGELES 

REFINERY SUPPLY COMPANY—TULSA ¢ HOUSTON 

CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO © MONTREAL * VANCOUVER + OTTAWA 
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Here are a few “‘self-starters” you'll want to include 
in your fall term list- five of the more than 20,000 
items of laboratory equipment, instruments, sup- 
plies, and reagent chemicals we stock for your 
convenience. 

You have your choice of all leading brands too— 
we carry them all. 

Let WILL supply your complete needs this year on 
one order—a saving in time and effort for you. Order 
now and we'll assemble the material, shipping it on 


and let Will simplify 


your Fall Term ordering chore! 


the date you specify. Thus you'll be sure of getting 
what you want when you want it. 

You'll enjoy every price advantage, too,—the 
result of our volume purchases for six warehouse 
stocks. Our 38-year old guarantee insures complete 
satisfaction as to the quality and safe arrival of 
your needs. 

Why settle for less this year? Send your list soon. 
Now there are 6 Will Lab Supply & Service Centers. 
Our newest one is at So. Charleston, W. Va. 


NEW HARVARD TRIP BALANCES 
This basic design of lab scales has been com- 
pletely modernized—at no increase in price! 

Angled beam scale and dial are easier to 
read. 

Lighter, cross-braced, aluminum beam 
means less wear on knife edges, greater 
accuracy. 

Alloy base with smooth enamel finish is 
impervious to corrosive fumes. 

All balances have 2 kilo capacity, sensi- 
tivity 1/10 gm. 

3472T—Balance, Double Beam (10 gm x 1/10 gm, 200gm x 
10 gm), with stainless steel plates 

3477T—Same with opal glass plates 

3452T—Bolance, Single Beam (10 gm x 1/10 gm), with stain- 
less steel coe 

3457T—Same with opal glass plates.........sseeeeeeees 


"STO-A-WEIGH" STUDENT BALANCE WEIGHTS 


The ideal way to replace your old weights 
economically. Sturdy Bakelite case protects 
them against the roughest handling. Weights 
are lacquered brass, satin-finished aluminum 
fractionals. Conform to new NBS Tolerances: 
Class P (old S-2) for analytical work, Class 
Q for dispensing, Class C for Trip or Torsion 
Balances. 


Includes 
Img.—50gm. 
Img.— 100gm. 
10mg.— 50gm. 
10mg.—100gm. 
10mg.—50gm. 
10mg.— 100gm. 
1gm.—500gm. 
1gm.— 1000gm. 


IDEAL MICRO 
CENTRIFUGE 


for Chemical 


> Labs 


SWITCH TO 


“POLY” 
WARE 


and 
SAVE 


Only 31 Ibs., it’s portable, convenient for many 
lab procedures. Evacuates ovens and other 


Speeds up to 5,000 R.P.M. 
(Precision Hi-Speed.) Effects difficult 
separations for micro and semi-micro 
analysis. Develops centrifugal force of 
3670 x gravity. Holds 8 standard 15 ml 
or smaller tubes. Angle-head totally en- 
closed. Diameter 12”, height 8”, weight 
20 Ibs. For 115V, AC/DC, 300 watts. 


Is your annual list loaded with replace- 
ment glassware due to breakage? Order 
non-breakable polyethylene this year 
and save next year—and for years to 
come. 

Write fot our complete brochure of 
polyethylene offerings: cylinders, fun- 
nels, beakers, bottles and jars. Siphons, 
centrifuge tubes, buckets and tubing too! 


CORPORATION 


and subsidiaries 


opparatus to a vacuum of 27 inches; or sup- 
plies pressure of 15psi continuously (up to 
25psi intermittently) for a variety of physics 
and chemistry experiments. It's quiet in opera- 
tion, with non-pulsating air delivery, regulcted 
by bleeder valves. 

Supplied with 0-30 inch vacuum gauge, 0-30 
pounds pressure gauge, inlet oiler-filter and 
outlet vapor trap. The GE 1/6 H.P. motor gives 
you a displacement of 1.3 cu. ft. per minute. 


$77.50 


Specialists in @ Scientific Supply 
ROCHESTER 3, N.Y. * ATLANTA 1, GA. » NEW YORK 12, N.Y. BALTIMORE 24, MD. + BUFFALO 5, WY. 
$0. CHARLESTON 3, W. VA. 
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So you may try the finest... 
S&S FILTER PAPER SAMPLER 


To acquaint more chemists with the advan- 
tages of S&S Analytical Filter Papers, we 
invite you to mail the coupon for a free 
sampler made up of many grades. 

S&S Filter Papers are known for their con- 
sistent accuracy, physical uniformity, and 
a wide range of types from which to choose. 


If you demand only the finest working tools, 
send for your S&S Filter Paper Sampler. 
Make your own tests. Compare. 


For retention values at a glance... 
S&S FILTRATION CHART 


Here is complete data on the relative reten- 
tion values of S&S Analytical Filter Papers 
and other brands, in convenient form for 
ready laboratory reference. 

This easy-to-read, desk-size chart shows at 
a glance which filter paper grade to use for 
a given analysis. 

You’ll want one of these valuable, time- 
saving S&S Filtration Charts. To get yours, 
just fill out the coupon below, and mail. 


For the Bacteriologist and Chemist... = 


Carl Schleicher & Schuell Co. 
Dept. JC-57, Keene, New Hampshire 
of membrane filters, including Please send your free S&S 
technique for sterilization, CD Filter Paper Sampler 


filtration, and cultivation. CO Filtration Chart (— Membrane Filter Folder 


The folder describes the new 
S&S “Bac-T-Flex”’* flexible 
membrane filter, with the 

larger-sized green grid designed 
for easier and more accurate Address. 
counting of bacteria colonies. ° 
Send for your free copy. City. 


Name 


*“Bac-T-Flex” is a trademark 
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in balances... 


Easy, accurate weighing 
with Ainsworth 


chainweight balances Pl 

slow! 
minu 
Pi; 


as al 


“The chemists I talk to all know 
that it is easier and faster to operate a 
chainweight than to fiddle with 
a beam rider and small milligram weights. 


“They realize too that a chainweight 
is not a unit of mass — just a variable 
weight calibrated to the balance. 

“The calibration takes some doing, 
and here are some of ‘the little things ~ 
that count,’ on Ainsworth 
Chainweight Balances, which result 
in easy, fast, and accurate weighing. 


“free hanging chain 


“sapphire jewel and adjustable pivot 
mounting 


“chain suspended from graduated 
tape (you can’t move the tape without 
moving the chain) 


“ball bearing pulleys 
“direct drive 
“solid 14K gold chain” 


. 
‘ 
. 
. 
. 
. 
. 


Just call your laboratory supply 
salesman...he ean give you more 


MINS WORT & SONS, IIN 
LAWRENCE STREE ENVER 5, COLORADO 
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VAPOR PRESSURE AND RAOULT’S LAW CA Chem Hd 


Submitted by: H. Bradford Thompson, Gustavus Adolphus 
College 
Ciecked by: Philip Marshall, Albion College 


PREPARATION 


ill two 50-ml. burets with water and immerse the bottom of each in a half- 
filled 200-ml. beaker as shown. Attach a calcium chloride tube to each buret 
asshown. Admit 15 ml. of air into each buret through the stopcock. 

Provide 5 ml. each of pure ether and a solution of one volume of toluene in 
four volumes of ether. 


DEMONSTRATION 


Place the ether in the calcium chloride tube above one buret. Admit 2 ml. 
slowly into the lower portion: the liquid level will drop to 3540 ml. After a 
minute admit another ml. of ether. No further drop occurs. 

Place the toluene solution in the upper portion of the other buret. Proceed 
as above. 


REMARKS 


1. Calculation of vapor pressures: Compute partial pressure of air in final So m 
volume using Boyle’s law; subtract from total pressure. Corrections (3-6%) ; 
may be applied for hydrostatic head and for the vapor pressure of water. 

2. Ether obeys Raoult’s law quite closely in this solution. The vapor 


pressure of toluene (about 6-7%) can be neglected. 

3. The question “Is the vapor pressure of water above the ether layer equal J 
to that above pure water?” is worthy of discussion with good students. 
4. Water colored with a dye may be used for greater visibility. Journal of Chemical Béducation - May, 1967. 


Oxidation and Reduction of lons at Electrodes g 1 Chem Hl 


Submitted by: Col. E. C. Gillett, Jr., United States Military 
Academy 
Checked by: Gil Gordon, Michigan State University non. 


APPARATUS 


The glass or '/, in. plexiglass plate is 15 X 15 in. with a piece of 
tin foil 12 X 12 in. cemented on one side. A small hole which will 
be covered by the tin foil is drilled in the plate: a binding post is 

laced in this hole so that electrical contact is made to the foil. 
he stylus is No. 18 copper wire as shown. The glass tubing is 
about 8 in. long and fused to the wire near the tip. 


DEMONSTRATION SETUP AND OPERATION 


class; hook up the switch, plate, stylus, and power supply accord- GLASS + 

ing to the diagram. Note: Always leave the switch in the off PLATS = 
position to prevent shorting the electrodes. 

The solution is prepared by pouring 80 ml. of N/2 KI and 20 
ml. of starch solution into a reagent bottle; add 0.5 N Na.S.O; 
drop bv drop, with shaking, until any blue color formed just dis- Switcn 
appears. Now add 10 ml. of phenolphthalein indicator solution 
in the mixture and sufficient pure C:H;OH to dissolve any pre- 
cipitate formed. 

A of bond par is | 
smoot! filter paper and satura with the KI-starch-phenol- vst coro 
phthaicin solation just prepared. Place the paper arrangement TOE 
on the tin foil after excess solution has dri off; pat the paper 
agains' the tin foil for a good contact. Engage the switch and ———— GLASS TUBING 
write \\ ith the stylus. 


REMARKS 


The «ction at the electrodes is as follows: When the stylus is 
positiv., the writing is a bluish-brown color as the I~ ions give up 
an ele:tron at the positive pole where it becomes free iodine; 
when the stylus is negative, the writing is a red color as the OH~ 
100 18 in excess in the solution due to discharge of the H;0* ion. Journal of Chemical Education » May, 1957. 
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New efficiency for 
fluorometric measurement 


For the rapid, precise analysis by fluorescence of Vitamins, 
Quinine, Atabrine, Fluorescein, Porphyrins, Steroids, metal 
complexes and other compounds s:::ceptible to fluorometric 
measurement. 


Full A C Operation. The Model 12C is entirely A C line- 
operated and employs no batteries. The high intensity mer- 
cury vapor lamp source and the photo-tube amplifier are 
automatically stabilized against line voltage variations. 


Greater Sensitivity and Stability Extend Range of 
Use. The combination of increased sensitivity to low intensity 
fluorescence and the new non-drifting measuring circuit sub- 
stantially extends the ability to analyze solutions of 
extremely low concentration. The speed and facility of 


measuring higher concentrations, such as are found in feeds 
and grains, is likewise enhanced. 


Simple Controls—Easy Operation. Only 3 simple con- 
trols adjust the measuring circuit and permit fluorescence 
measurements over o wide range of sample concentrations. 
Readings made directly from meter on instrument panel. 


Wide Filter Selection. A wide selection of optical filters 
is available for isolating the sample from both the mercury 
vapor light and the phototube. Blank filter holder$ available 
for special filter combinations when needed. 


For complete details write for Bulletin B-230 
Dept. B. Coleman Instruments, Inc., Maywood, Ill 


THE NEW MODEL 12-C 


Coleman Photofluorometer 


A 210 
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...include Exax thermometers and hydrometers 
with your other Kimble laboratory glassware 
and earn bigger discounts on your entire order 


Kimble thermometers and hydrometers are now avail- 
able at prices that make them one of today’s greatest 
values. And by including them in your order for Kimble 
apparatus, you may effect even greater savings. 
THERMOMETER MARKINGS ARE PERMANENT 

The filler used in the lines and numbers of Kimble 
thermometers is permanent—it can be removed only 
by dissolving the glass itself. 

INDIVIDUALLY RETESTED 
Every Kimble thermometer and hydrometer is Indi- 


vidually Retested before shipping to insure accuracy. 
N.B.S. specifications are minimum standards for Kimble 
thermometers and hydrometers. There is also a line of 
Kimble instruments made to A.S.T.M., and A.P.I. and 
M.C.A. specifications. 


Contact your local laboratory dealer for these fine 
instruments at low prices. Don’t accept substitutes. If 
your dealer cannot supply Kimble hydrometers and 
thermometers, write Kimble Glass Company, subsidiary 
of Owens-Illinois, Toleffo 1, Ohio. _ 


Description and 


GREATER VALUE || Cataleg Number 


Kimble thermometers and 
hydrometers bring you un- 
30 equaled accuracy and du- 
robility at a price that 
Il. makes them today’s great- 
est valve, 


Thermometer #44266-Y 
Aniline Point 


Thermometer #43504 
Laboratory Grade 


Hydrometer #31202 
Specific Gravity 


Hydrometer #31654 
APi 


SAVE MORE by ordering these 
items with your other Kimble glass- 
ware requirements. Most laboratory 
dealers offer greater discounts on . 
case quantity purchases. 


GENERAL OFFICES - TOLEDO 1, OHIO 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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FREE Samples of 
E-D FILTER PAPER 


for EXPERIMENTS IN 


CHROMATOGRAPHY ... 
E-D grade No. 613 


ELECTROPHORESIS... 
E-D grade No. 331—85 Ib. 


QUALITATIVE ANALYSIS... 
E-D grades Nos. 613, 615 


E-D FILTER PAPERS are qualitative—non-acid washed—of low ash con- 
tent—neutral and substantially free of solubles. They are produced here, 
at Mt. Holly Springs, from carefully selected materials, under strict labora- 
tory supervision. They enjoy an international reputation for dependable 


uniformity. 


E-D scientific filter papers are available in .. . 
SHEETS . . . sizes 20” x 20” and 1814” x 2214”. 
ROLLS . . . 6 ft. long widths of 1%”, 1” or 1%”. 
CIRCLES .. . from 4.0 to 101.5 cm. 
Or in special sizes and shapes, cut to individual specifications. 


Your dependable E-D distributor will gladly supply you with free samples 
. Or, you can write dooce: to this office. 


THE EATON-DIKEMAN CO. 


FILTERTOWN 
MT. HOLLY SPRINGS + PENNSYLVANIA 


Since 1890, the only oe in America exclusively devoted to the manufacture of filter 
paper for science and i 
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NOW. ee 
you can make 


MOISTURE 
TESTS IN 
MINUTES 


with the fully automatic Au the operator has to do is load the pan 


and set the timer and heat control to get 
quick, accurate, permanently recorded mois- 
ture readings of granular solids, pastes, 


oO t Ss T liquids, waxes or anything else that can be 


dried by heat. 
The portable IR Moisture-Matic, a product of 
= NM AT ‘ Cc Moore-Milford Corporation, utilizes far in- 
frared for highest absorption and rapid, even 
$e A L A Me eS & heating, and has both a self-contained timer 
and variable heat control between 30 and 600 
watts. The motor driven torsion balance 
automatically weighs the sample after the 
test, and the moisture percent is retained on 
Tests anything that a 3 digit counter to the nearest 0.1 percent. 
can be oven-dried... Operates on 115-volts, 60 cycles AC. 
just load...set time All components are of instrument quality to 
assure long life without maintenance ex- 
and heat...and let pense. For guaranteed accuracy and speed 
ton the instrument in your moisture testing, ask your Scientific 
oy do the rest. Products representative for a demonstration 
ee or write us today. 


IR Moisture-Matic Balance 
complete, ready for use... 


rce for all laboratory supplies and equip- 


N HOSPITAL SUPPLY CORPORATION 
New Yark « Chicago « Kansas City * Minneapolis « Atianta « Washington * Dallas 
Los Angeies ¢« San Francisco 


2 
or 
4 
Se ment—offers a complete selection of moisture testers for every application. - ; 
= 
TION 
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tion letterhead and mention 


unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 


prompt attention if you write on 


Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


ur firm or Institu- 
the Journal of Chemical 


> A new portable survey instrument for 
alpha surface contamination measure- 
ment has been announced by Nuclear- 


Chicago Corp., 229 W. Erie St., Chicago 
10, Illinois. 


> Incorporating an exclusive three-ec- 
centric-shaft design, the New Brunswick 


crucibles and 


everywhere. 


AKRON 9, 


This sink is solid chemical porcelain, as thor- 
oughly corrosion-resistant as the porcelain 


the only sink made today which possesses 
practically universal chemical resistance. 

It is a beautiful sink. Trim in design, with 
smooth, rounded corners, inside and out. Its 
lustrous, blue-gray glaze is an integral part 
of the porcelain body —can never peel or 
flake off, and is as easy to clean as a china dish. 
It possesses superb heat-shock resistance — 
and will withstand any heat shock encoun- 
tered in laboratory usage. 

Superior to stone, superior to porcelainized 
steel, superior to sanitary ware, “U. S.” gray- 
glazed chemical porcelain sinks are rapidly 
becoming the first choice of laboratories 


STONEWARE 


dishes the chemist uses . . 


OHIO 


Scientific Co.’s latest model heavy duty 
Gyrotory shaker distributes positive ro- 
tary motion to all parts of the shaking plat- 
form without any swaying or sagging at 
the extremes of the table. Contact the 
company, P.O. Box 606, New Brunswick, 
New Jersey. 


p> The Nucleonic Corp. of America, 196 
DeGraw St., Brooklyn 31, New York, now 
offers a 100-channel quartz line puiilse 
height analyzer (Brookhaven type) for the 
rapid accumulation of data on the ampli- 
tude distribution of electrical pulses arriy- 
ing at random time intervals. 


p An unbreakable drying tube has just 
been added to the line of polyethylene 
laboratory ware produced by Pioneer 
Plastics, Box 641, Far Hills Branch, [ay- 
ton 9, Ohio. 


p> A lightweight aluminum support for 
suspending laboratory apparatus frcm 
shaft edges is announced by Research 
Specialties Co., 2005 Hopkins St., Berkel, 
7, California. 


> Beva Laboratory, P.O. Box 478, Tren 
ton, New Jersey, would like to announce 
the development of the Model 310 and 
310C High Voltage Power Supplies. 
These power supplies are recommended 
for use with proportional counters, ioniza- 
tion chambers, and mass spectrometers. 


p> A new tabletop, double-beam infrared 
recording spectrophotometer said to be 
the most versatile analytical instrument 
in its price range available today, has just 
been introduced by Baird-Atomic, Inc., 31 
University Rd., Cambridge 38, Mass:- 
chusetts. 


p> The effective operating range of chro- 
matographic analyses can now be appreci- 
ably extended through the use of a new 
high temperature thermal conductivity 
cell developed by Barnes Engineering Co. 
Stamford, Connecticut. Designated 
Model 75, this new cell is designed to 
operate over a range of 30° to 325°C. 


p> A new vacuum system Type LC!-18A 
for laboratory, pilot plant, and limited 
production use, is now available from the 
Rochester Division of Consolidated Elec- 
trodynamics Corp., 1775 Mt. Read Blvd., 
Rochester, New York. Designed prima- 
rily for laboratory coating of various ma- 
terials with vaporized metals, it is also 
useful for degassing liquids, crystal pull- 
ing and growing, melting. metal samples 
and degassing vacuum tube electrodes. 


> A new reagent for the detection and de- 
termination of sodium ion has been al- 
nounced by Monroe Chemical Co., Box 
388, Rockland, Massachusetts manufac- 
turers of chemical specialties. This re 
agent is the first to make possible a simple 
and reliable analysis of sodium ion in the 
presence of a variety of other ions which 
are usually considered to be contaminants 
for sodium analysis. The ready-to-use 
solution consists of a buffered aqueous 
alcoholic preparation of alpha-me'hoxy- 
phenyl-acetic acid which, in the presence 
of sodium ion, deposits an insoluble sodium 
acid salt. 


> Phoenix Precision Instrument ©°., 
3803-05 N. Fifth St., Phila. 40, Pennsy! 
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yania, announces a new Chromatographic 
Refractometer that saves time. In many 
eases it is no longer necessary for the oper- 
ator to perform all the work associated with 
chromatographic analysis. The instru- 
ment does all the work reliably and ac- 
curately. 


p A new four-page, two-color illustrated 
folder has been issued by Ivan Sorvall, 
Inc.. of Norwalk, Connecticut, on their 
“Servall’’ Superspeed SS-1 Angle Centri- 


fuge. 
NEW LITERATURE 


@ Copies of the March, 1957 issue of 
Lab-ORATORY featuring 16 pages of new 
scientific equipment are available on re- 
quest from Schaar & Co., 754 W. Lexing- 
ton St., Chicago 7, Illinois. 


@ Twenty-page Lanco Apparatus Review 
No. 7 has full-page descriptions of crystal 
lattice models, organic molecular models, 
new Beckman Pocket pH Meters, ete. For 
copies write to Arthur S. LaPine & Co., 
6001 S. Knox Ave., Chicago 29, Illinois. 


@ Information Service of the Jarrell-Ash 
Co., 26 Farwell St., Newtonville 60, 
Massachusetts, has available a 28-page il- 
lustrated brochure, CH 401, describing the 
basic fundamentals of spectrochemical 
analysis, and including a bibliography of 
reference material of value to spectro- 
chemical analysts. 


@ Electrochromatography is the title of an 
illustrated brochure that describes opera- 
tion of Karker-Misco electrochromatogra- 
phy set and gives specific suggestions for 
other uses. It can be obtained from Mi- 
crochemical Specialties Co., 1834 Uni- 
versity Ave., Berkeley 3, California. 


@ A new booklet, Fertilizing Forest Lands, 
prepared by Dr. Takeo Shibamoto, con- 
taining 17 tables and illustration of tree 
response and cost data, may be obtained 
from Dr. E. D. Crittenden, Director of 
Research, Nitrogen Division, Allied 
Chemical & Dye Corp., 40 Rector St., 
New York 6, N. Y. 


@ Tested by Time, prepared by the Har- 
shaw Chemical Company, Cleveland, 
Ohio, is more than an attractive picture 
history of the company. The manufac- 
ture of several of their unique products 
(optical crystals, fluorides, catalysts, etc.) 
is told in non-technical language but with 
pictures that’ convey more information 
than most textbooks of chemistry. 


@ Titled Corrosion Keys for Aluminum, an 
attractive brochure by Reynolds Metals 
Co., 2500 8. 3rd St., Louisville, Kentucky, 
is intended primarily as an aid to engi- 
heers designing aluminum into process 
plants or equipment, although it will be of 
interest to those concerned with other ap- 
plications of the metal. 


@A new illustrated catalog discussing 
more than 115 different applications for 
silicones is now available from the Silicone 
Products Dept., General Electric Co., 
Waterford, New York. 


@A new 234 page Technical Glassware 
Catalog by the Kontes Glass Co., Vine- 


(Continued on page A216) 


VOLUME 34, NO. 5, MAY, 1957 


A Durable, Highly Sensitive, Low-Cost 


Welch TRIPLE-BEAM TRIP-SCALE 


No. 4048 
STAINLESS STEEL Pan, All Three Beams and All Exposed Parts 
Only Welch Offers All These Features: 


* Patented One-Piece Beam ° Extra Weights Nested in Base 
* Three Scales Easily Read at Eye-Level * Beam Arrest for Faster Weighing 
* Stainless Steel Pan with Retaining Rim © Silver-Gray Hammerloid Finish 


No. 4048 LOW FORM PRICE, WITH TWO EXTRA WEIGHTS. . $21.00 
No. 4048C. PLASTIC COVER, For No. 4048 
No. 4048W. EXTRA WEIGHT. For increasing the capacity of 

No. 4048 to 2110 grams Each, $1.45 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880—— 
1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U. S. A. 


Manufacturers of Scientific instruments and Laboratory Apparatus 


The most complete selection | 


Pay 


_ of table model centrifuges anywhere A 


Safeguard Standard—5 models 
_Jdunior—S models 


(except Junior AC model) are ‘man lubricated and are ruggedly 
trouble-free life. The 52 angle of suspension on ion on ry-Head 
horizontal, free-swinging centrifuges. These models are adaptablefor micro 
A215 


OUT OF THE 


Editor's Basket 


land, New Jersey, contains current prices 
on several thousand items of laboratory 
and scientific glassware. 


@ Bel-Art Products, 4917 Murphy Pla:e, 
West New York, New Jersey, has a new 
catalog on Polyethylene Laboratory Wave. 


@ The Varniton Co., 416 N. Varney St., 
Burbank, California, manufacturers of 
laboratory specialties, announces a |)ro- 
chure on their water indicator tests. 


MISCELLANY 


% The Education Department of the 
National Association of Manufacturers has 
just come out with a 32-page educational 
aid booklet entitled, Your Opportunities in 
Industry as a Technician, which empha- 
sizes the vital role and promising futtires 
in this comparatively new and growing 
occupation. 


% A new firm, The Datics Corp., has heen 
organized in Fort Worth, Texas, offering 
its services in large-scale computing, data 
processing, data reduction, consulting, and 
research and development in_ related 
areas. 


% Volume 15, after nine years, at last 
completes the Encyclopedia of Chemical 
Technology—the largest technical book 
ever made in America. 

This enormous publishing undertaking 
at last receives its full usefulness, for the 
eight-hundred-odd articles, by over one 
thousand authors and occupying 13,805 
text pages, are now comprehensively in- 
dexed. Volume 15 consists mostly of this 
Index, which is of unusual size—620 pages 
and approximately 50,000 entries. 
Interscience Publishers, Inc. and _ the 


stop everyth i ng Editors-in-chief, Dr. R. E. Kirk and Dr. 


D. F. Othmer, are to be congratulated on 


filling this gap in our literature. 
Mile the New Sipoodk te Nobody Knows: A Survey of Unsolved 
Problems and Forgotten Facts. All well- 
erytt informed persons realize that unknown 
om truths are probably as numerous the 
known ones. But nobody has yet at- 


tempted to explore in detail what remains 


The Lab-Crest Stopcock is inert to all chemicals and solvents. For arce 
; the record, we know of two exceptions—molten alkali metals and knowledge. 
fluorine Consequently, if readers of THIs JoUR- 
; NAL are aware of any significant problem in 
PROVED by 3 years of field testing, the Lab-Crest Stopcock does their own field which has up till now re- 
mained unsolved, or any important fact 
not leak . . . never “freezes” . . . requires no lubrication . . . there which has been somewhat neglected, they R 
is no product contamination. At $4.90, it offers you the best are invited to take part in our survey, en- 
k mad titled as above, which will be published in 
stopcock made. 1958 by the Philosophical Library in 


N.Y.C. Papers should be sent to Dr. 
Ralph B. Winn, 224 Cummings Ave.. 
Elberon, New Jersey. 


% August 20-22, 1957, Northwestern 
University will hold a conference on | iquid 
Scintillation Counting at the Tech: ologi- 
cal Institute, Evanston, Illinois. wid’ 
range of topics on the theory and a))plica- 
tion of liquid scintillators is covered by 


FISCHER & PORTER COMPANY invited papers: Coincidence counters 
4357 County Line Road, Hatboro, Pa, (Continued on page A222) 


Write for this new catalog which illustrates products 
featuring the Lab-Crest Stopcock and includes 
prices and specifications. 
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HARVARD TRIP BALANCE 


Model No. 550-S ; 
Capacity...... 2 Kilogram 
Sensitivity........ 0.1 Gram 


TRIPLE BEAM BALANCE 
Model No. 750-S 
Capacity...... 2610 Gram 
Sensitivity........ 0.1 Gram 
INDUSTRIAL BALANCE 
Model No. 1910 
MICROMETER POISE 


Capacity...... 5 Kilogram 
Sensitivity........ 0.5 Gram 


EVEN ARM 
SOLUTION BALANCE 
Model # 117 #115 
Capacity...... 5 Kilogram Kg. 
Sensitivity........ 0.5 Gram 0.1Gm. 


TRIPLE BEAM BALANCE 
CENT-O-GRAM 
Model C.G. 311 
Capacity........ 311 Gram 
Sensitivity... 0.01 Gram 


SOLUTION BALANCE 


Model No. 119-S A COMPLETE LINE 
Capacity.... 20 Kilogram OF WEIGHTS & 
Sensitivity.......... 1 Gram 


SCALE Cc HAU ON 


UNton | NEW JERSEY 
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for purity defined to the decimal 
buy ‘Baker Analyzed 


from your LSR 


AS YOUR LSR KNOWS, ‘Baker Analyzed’ Reagents are labeled, 
packaged and distributed for you — the man who uses them. They 
are the only reagents which give you: 


1. THE ACTUAL LOT ANALYSIS on every label 
. not merely maximum limits of impurities, but 
impurities defined to the decimal. On the typical 
label at left, note Nitrogen Compounds 0.0005% ; 
Heavy Metals 0.0002% and Iron 0.0003%. 


2. THE ACTUAL LOT ASSAY on more than 325 
...and more are on the way. Note that this is not 
merely a range assay, but that purity is defined 
to the decimal to give you an accurate, time- 
saving check on your own calculations. 


3. LABORATORY-TESTED PACKAGING 

All Baker laboratory chemicals are packaged with 
their end-function in mind. Containers are de- 
signed for easy handling, for compact storage and 
for maximum safety. All ‘Baker Analyzed’ Reagent 
Acids and Ammonium Hydroxide come equipped 
with color-matched labels and closures as a safe- 
guard against accidental contamination; ask your 
LSR about the convenient new ‘Baker Analyzed’ 
Reagent Acid Thro-A-Way bottle and case. 


33 ~“ 


ec 


PH of 5 
Solution 25°C. 


= 


=> 


8&5 Points of Service 


are strategically located from coast 
to coast to assure you prompt 
delivery. Your order of ‘Baker 
Analyzed’ Reagents will be shipped 
on the date you specify—expertly 
packed and carefully checked to 
reach you in perfect condition. 


LOOK FOR THIS BADGE OF BETTER SERVICE 
When you see it displayed by lead- 
ing laboratory supply houses, you 
know it stands for complete labora- 
tory supply service—the finest prod- 
ucts, the greatest brands. 


; 
F 
| 
- 
' 
we 
' 
i 
CRYSTAL 
erA d R 
and NH.OH Precipitat® Sf |" 
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fades in this catal 
Og that 
#54 was iss have been @dded since our ificet 
ur Spec ion atalog 


Quantity 
Dimercapro} Number (829 
U.S.P. (BAL) 
18204 ore 
58204 Sib arp 82.50 
SxSarb 82.37 
3,3" 48204 vor 7.80 
em 
Diaminoben: H ied 
FW. 360.136 SAGENT , 
Eetidve atter ignition 005 | [Sram 
3995 Ask 
for Detecting Selenium | O85 Suppty 
Ouse For Prices, 
Disodium Ethylenediamine Tetraacet, 
Assay (Cioh, F.W. 372.252 18993 Ib. bottie Ib. 
PH of 20% 000s | 1.2999 
Heavy Metals (es Pb) 405.0 bottie 
‘rom (Fe) 00S 1.8993 25 Cores 8.05 
|| Eriochrome — — 
| Black T, Reker Analyzed’ ace 
unit 2, 
Ethylenediamine T, 
Ctraacetic 
Powder Acid, ‘Baker A 
1.8991 
1 Ib. born! 
Heavy Metals (as Pb) O15 'b. bottle Ib. 
tron (Fe) 2.001% | 1.0991 25 Con, 
|  Murexide, ‘are, 
(Acid REAGENT 
Ammosium Purpurate) 
Sensitivity as 202.216 12716 1 gram 
‘esses Test $2716 Soram = 
bottle unit 20.48 


NEW 


Sensitivity as indicoror FW. 269.277 1.8906} 
Pesses Tew 58994 Sorem 741 
Pyrocatecho! 
(P Violet, ‘Baker Analysed’ 
Powder ) 
0-5 
Sensitiviny as indices FW. 386.387 133 
ve 1232 19.59 
Sodi 
um Hydroxide, ‘Baker Analyzed’ 
50% Solution REAGENT 
Assay (NaOH) W. 29.999 
Sodium Corbonate 50.0. 
(SO,) 33727 1 gai 200 
mmonivm Hydro 
Heavy, nice Prec Poly bottie 
tron (es Ag) Container extra sad reno 8.45 
Potassium % Case for one gat, 7.00 
% bottle 15000. 
Thioacetamide, ‘Baker Analysed 
e 
Assay (CitsCSNH, FW. 75.136 
880 
00s bortie 244 70 
225 
Thymolphthalein, Baker 
Analyzed’ 
Melting 132 
Range wf 254.0°.25¢0% | $4132 bottle 140 
210 74132 25 rem bome 
Powder vifoformary! benzene) 
Sensitivity Indicator Fw. 440.446 14236) 
‘esses Test $4236 wnt $28 age 
le unit 24.46 
BAKER 
‘ABORATORy CHEMICalLs 
5 


for America’s finest laboratory chemicals, 
for new listings important in new procedures, 


see Baker’s catalog #56, just off the press. 


More than 1300 ‘Baker Analyzed’ 
Reagents and other high-purity labora- 
tory chemicals make this an indispens- 
able reference guide for every scientist 


and chemical buyer. 


On pages 4 and 5 (reproduced half-size 
above), note particularly the 12 new list- 
ings recently added to our line. These 
include EDTA and the disodium salt, 
which have general laboratory use in the 
chelation of metallic ions and as masking 
agents. Several metal indicators for use 
with these reagents are also listed. The 
CuEMist-ANALYsT has described these 


FOR YOUR FREE COPY OF BAKER PRICE CATALOG — WRITE 


4+ 


REAGENT 


Ky Chemical Co. 


Phillipsburg, New Jersey 


new reagents and has published review 
articles about many of them. 


These new reagents are a further example 
of Baker’s determination to keep con- 
stantly abreast of your needs, and to pro- 
vide you with timely, time-saving 
working tools of precision. 


DO YOU HAVE CATALOG #56? 
Check your files—make certain you have 
this valuable new guide to America’s 
finest line of laboratory chemicals with 
the highest standards of purity in the 


industry. 


FINE + INDUSTRIAL 


. 


| 
| Every effort ism s 73 
| Quality grade. Provide a complet IT 
YOur convenicnn% Physical forms ray e line of Baker chemicals in 4 EMS 
Powder 
° 
| 
4 | 
BAKER LABORATO | 
RY CHEMIcats 
) 
e | 
= 
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For Low-Pressure Drying 
Down to 1 Micron 


®@ 2” Thick Fiberglass Insulation 
® Radiant Heating Chromalox Elements 
® Hydraulic Thermostat Controls 


RUGGEDLY CONSTRUCTED of 
welded steel, these ovens provide large 
capacity and close temperature regula- 
tion. Doors seat perfectly against special 
Silicone gaskets. Radiant heating pro- 


Cat. No. JL-1110 STANDARD SIZE 


Chamber 8” wide, 8” high, 12” deep 
{Overall size: 12” x 17%," x 13%”) 


GUARANTEED... 


HERCULITE GLASS DOOR 12” thick gives full view 
of interior 


CHAMBER WALLS of 1%” reinforced steel 


OPERATES on 115 or 230 v. A.C., single phase, 
50/60 cycle — draws 250 watts 


TERMINAL BLOCK for easy voltage change 
Complete with Cord, Plug, and 
Thermometer (10-200° C) ........ $17 500 


Cat. No. JL-1112 KING SIZE 


Chamber 12” wide, 12” high, 18” deep 
(Overall size: 16%” x 18” x 24”) 
FULL 14%” CU. FT. usable chamber space 
CHAMBER WALLS of 3/16” reinforced steel 
DUAL THERMOSTATS for close temperature regulation 
PRESSURE RELIEF VALVE for added safety 


OPERATES on 115 volts, A.C. 
Complete with Cord, Plug, and 
_ Thermometer (10-200° C) 


e Year against 
ective parts 


Write for Complete Specifications 


vided by elements clamped to chamber 
walls. Equipped with 2 removable 
shelves, vacuum gauge 0” to 30” and 
thermostat. Grey hammertone finish 
outside . . . white silicone enamel 
inside chamber. 


$ C AA AND COMPANY 


754 W. Lexington St. e 


Complete Laboratory Equipment 


Chicago 7, Illinois 
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Only after careful 


nts UNIFORMITY in methods and manufacturing 
Creating analytical reagents of uniform purity is Mallinckrodt analytical 
the result of careful selection of raw materials, — oe Honiton od 

e controlled manufacturing methods and years of 

“a experience. To this Mallinckrodt adds high 

cial standards of testing. 


UNIFORMITY on the shelf with STORMORs 


STORMOR bottles fit safely in your hand. 

They save space on the shelf and the labels always 
face front. Only Mallinckrodt packages 
analytical reagents in STORMORs. 


UNIFORMITY on the tabet 


AR labels are designed to be read at a glance. 
Precautionary statements (when necessary ) 

are on the left panel of the label. Purity information 
is always on the right panel of the label. MERCY RIC 


CHLORIDE 


(GRANULAR) 


CALL YOUR DISTRIBUTOR...YOUR SOURCE OF GOOD SERVICE 


SECOND & MALLINCKRODT STREETS, ST. LOUIS 7, MO. + 72 GOLD STREET, NEW YORK &, N.Y. 
ATION CHICAGO CINCINNATI * CLEVELAND © DETROIT LOS ANGELES + PHILADELPHIA SAN FRANCISCO 
iN CANADA: MALLINCKRODT? CHEMICAL WORKS LIMITED « MONTREAL + TORONTO 
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OUT OF THE 


Edttor's Gasket 


single channel counters, chemistry of liq- 
uid scintillators, and applications in biol- 
ogy and medicine, industry, archaeology, 
physics, chemistry, and engineering. Ab- 
stracts of non-solicited papers should be 
sent to the Program Chairman, Dr. F. 
Newton Hayes, Los Alamos, New Mexico, 
by June 1, 1957. 


%* The Scientific Apparatus Makers Asso- 
ciation, 20 N. Wacker Drive, Chicago 6, 
Illinois, point out some interesting facts 
and factors in Guidance and the Scientific 
Manpower Shortage, an article in the 
March, 1957 issue of the American School 
Board Journal. Some of these items are: 
only about 9 per cent of the country’s high 
school counselors have a science back- 
ground but still science is well recognized 
as a promising vocational area; only 53 
per cent of the top one-fifth of high school 
graduates go to college; that counselor- 
student ratio, even in the best states, is 
3.4 counselors per 1000 students; and that 
the science teacher should have more time 
to counsel the potential scientist during 
‘the scientific manpower shortage. 


% Arthur F. Smith Co. of Rochester, 
New York, announces its appointment as 
exclusive U. 8. distributor for the Catalin 
Molecular Model Sets. 

The model sets, which are used for the 
construction of accurate three-dimensional 


representations of molecular structures, 
are dimensioned after the Stuart pattern 
and based on developments conducted by 
the British Chemical Research Labora- 
tories. 


% Ideas of free lance inventors are needed 
right away to help solve nine “blue sky’’ 
problems which baffle the armed services, 
according to the National Inventors 
Council, U. 8S. Department of Commerce. 

‘“‘We describe a problem as ‘blue sky’ 
when we suspect it will take imaginative, 
sky-is-the-limit thinking to solve it,’’ ex- 
plains John C. Green, director of the 
Office of Technical Services and the 
Council’s executive director. ‘“The man 
who cracks one of these puzzles won’t be 
bound by traditional barriers between sci- 
ences. He may have to be the modern 
equivalent of an Edison or Marconi.’’ 

The nine revolutionary ideas needed by 
the armed services are: 

Non-magnelic compass. A device small 
enough to be carried by a man on foot 
which can determine true north, independ- 
ently of the earth’s magnetic field. Bet- 
ter still, it should enable a man to deter- 
mine his position accurately. 

Explosive Mine Detector. A method for 
locating explosives buried at shallow 
depths below the earth’s surface. Present 
detectors locate the explosive’s container 
or signal the presence of a hole in the 
ground. 

Method for Converting Light into Electri- 
cal Energy. An invention which will con- 
vert a small amount of light into enough 
electricity to operate electrical equipment. 
Far greater power output is needed than 


has as yet been supplied by solar batterivs. 

Snow Track Eraser. A practical means 
of destroying the tell-tale tracks of men or 
vehicles across snow fields. Object is to 
restore original contour of snow field to 
avoid air detection. 

Destructive Ray or Wave. Equipment 
of usable size capable of producing death 
rays effective at 500 yards—without «x- 
cessive power input. Investigations so 
far indicate that a completely new :p- 
proach is needed. 

Universal Track. A new method of 
traction for land vehicles for use on all 
types of terrain. Present steel tank tracks 
wreck paved roads. 

Radical Method for Unloading Ships. 
New means of quickly discharging large 
quantities of military supplies from com- 
mercial-or military vessels, either over the 
beach or at dockside. 

Vehicle Black-out Devices. Inventions 
to mask the light, noise, and radiation 
from combat vehicles operated under cover 
of darkness. 

New Type of Communication. An in- 
genious new method of transmitting in- 
telligence, non-detectable except by the de- 
sired receiver. The military is seeking a 
new principle which does not use electrical 
impulses, electromagnetic or sound waves. 
(“If anyone can come up with a practical 
idea for meeting one of these military ob- 
jectives, he is encouraged to mail his solu- 
tion to the Council. Complete lists of 
hundreds of technical problems affecting 
the national defense may be obtained by 
writing NIC, U. 8. Department of Com- 
merce, Washington 25, D. C. 


YOUR LABORATORY CAN HAVE 


Easy for 
Students 
to Use 


laboratory use. 


‘ ALL OF THESE MACHINES 


at extremely low cost... 


Here’s the all-purpose unit that’s perfect for ever) 
With Erweka, you operate 14 dif- 
ferent machines with only one basic motor drive uni'. 
All 14 lightweight attachments are quickly and simp!) 
interchangeable—in minutes you can change from 
one type of operation to any other. 


® Ball Mill ® Vibrator ® Ointment Mill ; 
Mixer Tablet Press Write or phone today for literature and to arrange a demonstrat!\)!). 
Coater Bottle Shaker Ch and Ph Ind 
omogenizer Agitator emical an armaceutica ustry Co., inc. 
90 West Broadway, N. ¥.7,N.¥.  BEekman 3-1730 
and others — 
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Thin receptor 


The thin black line is 20u wide and 
2 mm long. In the dark, d-c re- 
sistance across the .0008” of lead 
sulfide is a few hundred ohms. 
When radiant energy shines on the 
line, the resistance drops. A mani- 
festation, obviously, of the cele- 
brated Kodak Ektron Detector. The 
wavelength of the energy can be 
from 3.5u in the infrared,* right 
through the visible and on to at 
least 250myu in the ultraviolet. 
Imagine an infrared spectrometer 


That would make a 


or less than 6 wave- 
lengths wide, wouldn’t it 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


its divisions are... serving laboratories everywhere 


______Kedak reports to laboratories on: 


a photoresistor 20, wide... trouping the colors in competition 


that could afford to image its exit 
slit down to .0008”! Might provide 
some molecular structure data to 
think about. Or what about putting 
one in an image plane inside some 
optical system? 

For $23.50, paid to Eastman Kodak 
Company, Apparatus and Optical Di- 
vision, Rochester 4, N. Y., anybody can 
have one. If the eloquence of these words 
gets us swamped, delivery may be a bit 
delayed. If you wanted to wait, it’s not 
unlikely the price will drop. But then 
you might not be first on your block. 


The dye game 

Under “‘people’s capitalism,” a so- 
cial system with a brilliant future 
still in prospect, analytical chemis- 
try often becomes a competitive 
weapon. We not only run a stand 
on the sidelines of the fray where we 
sell reagents and other Eastman Or- 


ganic Chemicals useful in playing 
the game, but under a different hat 
we also play ourselves. It’s a happy, 
invigorating game with many, many 
winners. 

As player, one of our most in- 


teresting recent moves has been the ° 


launching of nine new dyes for 
polyester fabrics. They are as much 
definite chemical entities as 2-(p- 
di-methylaminostyryl)-1-ethylpyri- 
dinium iodide is a definite chemical 
entity. Such Chemical Abstracts 
nomenclature is quite proper in 
patents and the Eastman Organic 
Chemicals catalog, but under the 
rules by which gentlemen play, on 
dye-trade label, invoice, and pro- 
motional leaflet, names like East- 
man Polyester Yellow 5R and East- 
man Polyester Navy G designate the 
compounds evolved from our long 
experience in making dyes for syn- 
thetic fibers. 

In the new group are dyes which 
excel most predecessors in the fast- 
ness they exhibit on polyester fibers 
despite various combinations of 
light, laundering, dry cleaning, and 
other paling influences. Some are 
new prototype structures from 
which new lines of descent may 
stem. Some are not so different from 
dyes previously successful on other 
hydrophobic fabrics. Some cost less 
to make (or develop) than others 
and are so priced. 

Deciding which to use, how, in 
combination with which others—is 
another game. (When invited, we 
coach from dye service laboratories 
at Lodi, N.J.,and Kingsport, Tenn.) 
Meanwhile, each band of analytical 
chemists silently reconnoiters the 
field, so intent they even forget at 
times who awards the points. It’s 
that lady over there, clutching her 
purse. 


Eastman Polyester Dyes are sold by 
Eastman Chemical Products, Inc., 
Kingsport, Tenn. (Subsidiary of East- 
man Kodak Company) ; exegetically la- 
beled Eastman Organic Chemicals, by 
Distillation Products Industries, Roch- 
ester 3, N. Y. (Division of Eastman 
Kodak Company). 


Price quoted is subject to 
change without notice. 
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CLEANING” 


with the 


GLENNITE ULTRASONIC CLEANER 


The GLENNITE Cleaner is a portable, ultrasonic instrument 
designed for industrial and hospital cleaning of small objects, 
quickly, easily, and economically. 


Cleansing action is achieved by cavitation produced by high 
frequency sound waves in liquid. The ultrasonic vibrations 
will easily clean areas normally left untouched by ordinary cleaning 
methods. Mild detergent in the GLENNITE will clean more ef- 
fectively and in less time. It is also possible to use the GLENNITE 
for the agitation of liquids and for experimental chemical mixing. 


MEDICAL AND BIOLOGICAL FIELD 
The GLENNITE Cleaner will clean, in as 
little as five seconds, microscope slides, 
syringes, hypodermic needles, blood pi- 
pettes, surgical instruments . . . virtually any 
small instrument that is stained, clogged or 
disoperative due to previous use. 


INDUSTRIAL FIELD 


Small precision parts of metal, glass and 
ceramic such as electromechanical instru- 
ments, watch parts, small diameter tubing and 
countless other items can be cleaned within 


seconds. 

SPECIFICATIONS 

‘ Tank Capacity _| 2 pints 

Tank Volume 78 cubic inches 
Tank Dimensions | 73/3”X2!/2” 
frequency 40 KC approximately 


Power Source _| 110 Volts 
Power Input 100 Watts 
Automatic Timer | Up to 55 minutes 
Cleaning Fluid Regular detergent 


‘STANDARD SCIENTIFIC 


S 4, 808 BROADWAY REAGENTS 
NEW YORK 3, CHEMICALS 
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Will it break before you get there? 


The three best students in your class. But, that’s 
the trouble. They’re always striking out on their 
own... trying their own experiments. 

But there is one big factor in their favor—your 
efforts to get them the safest equipment with which 
to work. 

That Pyrex brand flask, for example. It can 
take heat and heat shock. It’s made heavier and 
stronger than flasks fashioned of ordinary glass 
that can’t take heat. 

Or the graduated cylinder—it’s mounted on a 
Stable, hexagonal base; has a built-in bumper at 
the top to cut down tip-over breakage. One large 


university tested them, found their students broke 
only one Pyrex cylinder to three of a competing 
brand. 

Specifying Pyrex brand is smart buying. Less 
breakage means lower cost over the years. And 
less likelihood of accidents. 

Write for your free copy of This is Glass. Its 
sixty-four pages describe what glass is, how it’s 
made, where it’s used. Enjoyable reading. 


CORNING GLASS WORKS 
¥ 76-5 Crystal Street, Corning, N.Y. 
means research i Glass 


PYREX’® laboratory ware 


. .. the tested tool of modern research 
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WACO POWER STIRRER 


Induction 
Motor 


24-Hr. Service 
for Pilot 
Plant 


Ideal for 
Organic Work 


2 SPEEDS .. . 2 SHAFTS ® 300 or 600 R.P.M. 


Many laboratories and pilot plants report they are 
using Waco Stirrers 24 hours a day, 7 days a week 
for months at a time. No other stirrer will give as 
much service per dollar of cost as this one. The 
famous Waco Stirrer is not a stock motor converted 
to a stirrer. The motor is specifically designed for 
heavy duty in laboratories. 


2 speeds—two 14” shafts turn in opposite 

directions at 300 and 600 R.P.M. at es- 
cially high torque. Speed is controlled 

the stirrer on either the 300 or 

M. shaft. These shaft speeds cover 

of applications. 

Built-in cooling fan—allows continuous 

operation without over-heating or burning 

out. 

Induction-type motor—safe for use with 

inflammables. 


JC 10235 tubuler brass mounting rod and 
cord but without chuck or stirring , each. . $25.25 


JC 10235-1 Stirrer Chuck, for Waco Stirrer for 4%” 


CONVENIENT PADDLE STIRRERS FIT 
ALL TYPES OF FLASKS AND STIRRERS 


JC 10236 Stirring Rods, Hinged Blade Type, Stainless Steel, 
4" diameter, 12 long, the rods are easily inserted through 
the neck of a flask by rotating the blade so that it parallels 
the shaft. Once in the flask, the balanced weight aligns the 
blade horizontally. Longer “shafts available on request. 


Small Medium Large 
JC 10236-A Above stirring rods in sets of three, 


LABORATORY SUPPLIES AND CHEMICALS 


/4525 w. DIVISION ST., CHICAGO $1, 


AUTOMATIC BURETTES by Corsedng 


These buretts are made of Pyrex brand glass No. 7740 
with all its useful properties, with precision bore tubing 
used on the graduated portion to assure accuracy between 
any two points. The accuracy tolerances are as established 
by the National Bureau of Standards Circular C—434. 


No. 90850 Burette, Automatic, with Reservoir. Burette is filled by 
opening stopcock and compressing a rubber bulb (not furnished) 
attached to the side arm on which the automatic air check valve is 
located. Pressure thus exerted closes check valve forcing the liquid 
up into the graduated section and when it reaches automatic zero 
stopcock is closed. Check valve is depressed releasing pressure for 
rapid return of excess liquid to reservoir through the side tube. Liquid 


in burette is ed and d through burette tip at bottom 
of stopcock by turning stopper to open position or by reversing stop- 
per unused liquid will flow back into reservoir. 


Grad. Bottle Burette Complete Dis- 
Cap. Inter. Cap. Joint Onl Price count 
ml. ml m No. Eac Each Quant.* 
10 0.05 1000 24/40 $26.90 $30.80 2 
25 0.10 1000 24/40 29.10 33.00 2 
50 0.10 2000 29/42 29.95 36.30 2 
100 0.20 4000 29/42 32.50 41.80 2 


No. 90855 Burette, Automatic, with Reservoir and Drying Tubes. 
Similar to No. 90850 but with the addition of conventional drying 
tube at top air vent, and U shaped drying tube on air inlet side arm, 
The air inlet side arm is sealed off with a solid pertition and the U 
shaped drying tube acts as a bypass through which the air must flow 
to reach the burette. Both drying tubes are designed for connection 
by rubber tubing (not included). 


Grad. Bottle FF Burette Complete Di-- 
Cap. Inter. Cap. Joint Gey ce count 
m ml m No. Eac Each Quant.* 
10 0.15 1000 24/40 $29.10 $35.20 ~ 2 
25 0.15 1000 24/40 31.30 37.40 = 
50 0.10 2000 29/42 32.15 40.70 : 
100 0.20 4000 29/42 34.75 46.20 


diate delivery from stock. 


20% on 12 or ore 


laboratory supply co. 


: MANUFACTURERS & DEALERS 
70 Palisade Ave., Yonkers 2,N.Y. 
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“PERFECT COMPANIONS” 


Laboratories requiring top efficiency and economy in handling 


S 


thousands of pipettes need this hustling pair! 


The Famous Boekel The New Boehel 


PIPETTE WASHER PIPETTE DRYER 
(Electric) 


* 
SAVE MONEY 


* 
SAVE PIPETTES 


* 
SAVE NERVES 


* 
SAVE MAN-HOURS 


ALL STAINLESS STEEL 


THE BOEKEL STAINLESS STEEL PIPETTE WASHER THE BOEKEL PIPETTE DRYER is the new, all stainless 
sends a continuous flow of fresh, clear water around and steel ss the well-known Boekel Pipette vier appa 
through the fragile pipettes, cleaning them easily, quickly It will completely evaporate the moisture from a batch o 


: : pipettes by circulating hot air over all surfaces. 
and safely. A time and money saver for all serological, The time required is one hour, more or less, depending 
bacteriological and clinical laboratories! upon the size and quantity of pipettes. Moisture is re- 


Complete filling and emptying of the cylinder and its ‘eased, through the vented top. ingeniously mounted = 
contents is accomplished in approximately one minute 


Apparatus is heated by 225 watt, 115 volt unit controlled 


with a 3-gallon per minute water supply. Cycling is silent, by a toggle switch. 
automatic and continuous even when the water runs as For convenience there is a neon pilot light, and for safety 
slowly as 1% gallons per minute. a cord and plug with ground. 


#1374 Stainless Steel Washer with Pipette Rack. .$65.00 ea. 


#1372 Stainless Steel Dryer (without rack)...... 


Both accommodate any length pipette up to 375 mm. 


SEE YOUR LABORATORY SUPPLIER NOW! 
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STOP INJURIES 
PIONEER THISTLE TUBES 


are UNBREAKABLE 


Our THISTLE TOPS are sup- 
plied with a special 6mm Saran 
stem ten inches long. 


Used by many of our largest 
universities. 


Also available without the stem 
for use with 6mm glass tubing. 


ECONOMICAL as well as SAFE 


Replace your glass thistle tubes 
with PIONEER THISTLE 


For digestions, extractions, 
and other reactions requiring 
close temperature control. 


Interchangeable heat-transfer 
blocks mountable on a single 
heating base: hot plate, 
tube heater, liquid bath... 
sold individually or in 


combination. 


Constant temperature control 


TUBES. 


T-6S THISTLE TOP with ten inch Saran stem, 
unassembled, price....dozen $5.52 
case (72) 25.92 


T-6 THISTLE TOP only, for use with 6mm glass 
tubing, price....dozen $4.32 
case (72) 18.72 


through leading supply houses or direct 


ask for latest bulletin describing our complete line 
minimum order $10.00 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH DAYTON 9, OHIO 


21°C. 


Variable from ambient to 
300°C. 
Liquid Bath 
SEND FOR FREE CATALOG 2125-J 
@& RESEARCH SPECIALTIES CO. 


2005 Hopkins St. Berkeley 7, Calif. 


EBERBACH VARIABLE SPEED SHAKER 
CONTINUOUS DUTY © 60 to 260 STROKES-MIN. 


CONSTANT SPEED AT A GIVEN SETTING 


Now you can select a shaking rate within the range 
of 60 to 260 oscillations per minute, and this new 
Eberbach shaker will perform on continuous duty 
without deviating from the selected speed in spite 
of variations in line current or fluctuations in load 
weight. One-sixth H.P. split-phase induction motor, 
operating at fixed speed and maximum torque, 
actuates the shaker platform. Speed settings are 
established with knurled handwheel locked by a 
smaller wheel. Utility box-type carrier or carriers 
for flasks are available. Request Bulletin 100-H. 


EXPLOSION PROOF MODELS AVAILABLE 


SCIENTIFIC 


INSTRUMENTS 
Q -0PPORATUS 
CORPORATION 


ANN ARBOR. MICH.. 1043 


Model No. 75-683 
Priced $250.00 
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Write for Gilmont Ultramicroburet 
Descriptive Bulletin #UM 32 


Dhe GREINER 


20-26 N. YORK 3. N. 


4 ~~ 
4 
wl 
: 
— 
= 
“ATION 34, NO. 5, MAY, 1957 A229 | 


‘Supplying the 

Nation’s Laboratories 
from Coast to Coast 


HARSHAW SCIENTIFIC 


potlights 

Including two NEW Beckman meters. The “Zeromatic” line operated “push button” Be a. on atom m > 
pH meter and the "Pocket’’ pH meter. 

The Zeromatic provides Easier, Faster, Routine pH measurements; greater versa- SN es oS Atom 
tilify, accuracy, reproducibility. The pocket model which is only 6” x 3”x 2” and SEAR 
utilizes a combinatin glass and reference electrode offers the maximum in ; ea BSS 

portability and convenience. - 
Space permits only a brief description. We welcome your requests for more es 

detailed information. 


Polype 
n Nis-folc 
ng to 
orey, an 
Proc. Nat 
205 (1 
ows poin 
pen-bridg’ 
ng the si 
paths. TI 
proups 


H-29604—Beckman Pocket pH meter, battery 
operated 6” x 3” x 2” deep. Light weight 
with unique combination glass and reference 
electrode which permits holding meter in one 
hand while taking readings, leaving the other 


H-28915—Beckman Zeromatic pH meter, line 


operated. Simply push button and take pH or 
millivolt reading. Drift free, no warm-up time, 
line voltage compensation, continuous 0-14 pH 
scale. Outlets provided for recorder, polariz- 


plane wit 
arallel t 
ipal axi 
hain. Its 
truction 


hand free for recording. . . . $95.00 ing current, etc. « « $275.00 Hiscernible 


H-29601— Beckman Model N-] pH meter, 
battery operated. Range 0-14 pH. Tempera- 
ture compensator covers 0-100°C. Rapid 
measurements to 0.1 pH and with careful 
technique to 0.03 pH. . . . . $290. 


H-28901—Beckman Model GS pH meter, 
battery operated. For sp | pH p 

and applications requiring extreme precision. 
This ultra-sensitive instrument is accurate to 
0.0025 pH. The meter is a modified model G, 
which provides 20 times the sensitivity of 
standard null-meter measuring circuits. Utilizes 
same electrodes as modelG . . $595.00 


H-28900— Beckman Model G pH meter, 
battery operated. Designed for highest pre- H-28900 
cision and versatility in pH studies, oxidation- 
reduction potential measurements and 
titrations with accuracy and reproducibility 
to £0.02 pH. ..... . $440.00 


H-29602— Beckman Model N-2 pH. 
meter. Acompact, battery operated 
‘meter in carrying case designed 
especially for portability. Ideal for 
field use. Range 0-14 pH. Case has 
compartment for electrodes, beak- 
er and solutions . . . $335.00 


Service facilities and complete electrode stocks are maintained at all Harshaw 
Scientific Branches 


HARSHAW SCIENTIFIC 


Division of the Harshaw Chemical Co. * Cleveland 6,.Ohio 
Sales Branches and Warehouses 
Clevelane 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Row 
Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave. 
Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa., Jackson & Swanson Sts. 
Sales Offices: Baton Rouge, La. « Buffalo 2, N.Y. ¢ Pittsburgh 22, Pa. « Oaklend 11, Calif. 
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Atom Models according to Stuart and Briegleb 
for the construction of molecular models 


Atom iodels according to Stuart and Briegleb have found wide acceptance during the last few years throughout the 
entire » orld. Manufactured in Western Germany by E. Leybold's Nachfolger, they are distributed in North America by 
Arthur ». LaPine and Company. Scientific publications are using illustrations of molecular models constructed from these 
atom models to an ever increasing extent because they render introductory explanations unnecessary. 


Atom models according to Stuart and Briegleb aid the study of geometrical and optical isomerism, tautomerism and 
esonan:e, three-dimensional arrangements of macro-molecules—to name but a few of their many applications. 


More detailed information on dimensions and construction of these atom models appears on the following pages. 


Polypeptide Chain 


n Nu-folding accord- 
ng to Pauling, 
orey, and Branson, 
Proc. Nat. Acad. Sci. 
B7, 205 (1951). Ar- 
ows point to hydro- 
ven-bridges connect- 
ng the single spiral 
paths. The CO-NH- 
proups lie in one 
plane with the axis 
arallel to the prin- 
ipal axis of the 
hain. Its spiral con- 
truction is clearly 
Hiscernible. 


DimethyI-Polysiloxane 
Chain 


A new atom model, O-Siloxane, 
is used, together with the Si 
model, to construct polysilox- 
ane chains and silicones. 


Trans-Conformation and Skew Conformation 


for dichloroethane. Both chlorine atoms in 
cis-(“angular”) dichloroethane are turned 
out of the normal cis-arrangement by ap- 
proximately 60° (see Figure 76 in Stuart’s 
“Molekiilstruktur”). 


»s-Dichloreethane Cis-(“angular”) Dichloroethane 


ARTHUR S. LaPINE and COMPANY 
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Dimensions correspond to experimentally 
measured values 


In his work “Die Struktur des freien Molekiils” (Springer, 
1952) Stuart discusses in detail existing experimental data 
and the dimensions of models based on these data. From 
Stuart’s work it may be seen that internuclear distances are 
affected only a little by the binding partners, but that the 
valence angles might deviate more. Therefore, in these 
models, the dimensions correspond to the mean of the ex- 
perimentally measured values. 

Models for ™-bonded atoms according to Briegleb 
The latest experimental and theoretical data were used for 


the -bonded atoms (double and triple bonds, and aron 
(See G. Briegleb, “Wirkungsradien in M lekiijg 


bonds). 


Fortschritte der chemischen Forschung, 
Springer, 1950, also G. Briegleb, “Bestimmung de) Mol 
form mit Atomkalottenmodellen” in “Methoden d = or, 


Vol. 


schen Chemie” (Houben-Weyl) Springer, 1953.) 


Atom models for 7-bonds are prismatic in shape. In ¢ 
lene, for example, the effective radii of the C- toms 
greater in a plane perpendicular to that formed | ; the 
groups and the direction of the C-C bond than in the y 
tioned plane itself. Thus the unsymmetrical nat re of 


charge distribution of the 7-electrons, which are 
for the unsaturated character, is rendered visible. 


e to lel 
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Herstar 
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ether r 3¢ 


’Spong 
It is y 


Designation H H—Bridge F ci Br C-Aliphatic C-Et: 
- | | 
Atom symbol H— H— F— Cl Br— C 
AN i 
VV 
| 
For aliphatichydro- | Serpe” 
hoo! carbons and for | chains and ring sysis ; 
Use for hydrogen saturated rings hav- | {°F double bond: naam” aromatic 
bridge ing six or more rings compounds 
cyclo- octot e 
_groups etc. 
=1) = 1, 
fg =1.5em | rg =1.5em | fg = | rg = 2.3em | rg = 2.6cm | rg = 2.7m =1.9 em 
h =1.8 cm 
Height of atom | ,. h =1.2 cm hy = 3.4 = 3.1m 
h = 2.9 h = 3, = 4, = 4, = 3. Cm 
with spring cm 38cm] h=43cm h= 47cm h = 3.1.cm ho = = 48cm 
Valence angle a=p= 
a; Bs 0 =y =y= 120 
Colours white white dark yellow green brown violet black black black 
Cat. No. 302-00 302-01 302-05 302-06 302-07 302-08 302-10 302-11 302-12 
Designation | N-Aromatic NO, N-Peptide N-Bridge N-Nitrile | ©O-Carboni O-Ether 
Atom symbol N TaN N N Us N= O= O 
12 
AE Ge 
View (O) 
LA 
For six- Nitrogen for double or the hydro: 
membered bonds in unsaturated} Nitrogen bridge ether 
rings such as py- Ni For polypeptide | five-membered rings in heterocyclic in lactos: 
ridine, quinoline, itro-group chains such as pyrazole, rings such as For nitriles one papers eterocy : 
— imidazole, porphyrin otc. and ca lic 00 
and pyrazine and purine etc. more ato 
Effective radii fg =1.9cm = 1.0cm = =1.9 cm fo = 
rg and ry = N= =0.9cm fg = 1.9m = = 2.4cm = 2.4cm r, =the 
Height of atom hy = 3.1 crh ht = hi = 3.1. cm hi = 3.0 cm = h=29< 
model h he = 4.8cm h = 3.0cm he = 4.8cm he =4.8cm he = = 48on 
120" a = 106° a = 134° 
blue blue red, 
Colours blue red and blue blue lateral face lateral face blue with +: - ond one red 
yellow yellow droge >ond for 
Cat. No. 302-32 302-33 302-34 302-35 302-36 302-39 302-50 302.51 
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le to jemonstrate on the model the characteristics of 
sturaied and aromatic bonds, and to illustrate clearly 
nance boundary structures which are so important for 
jerstar ling many chemical phenomena (see G. Briegleb, 
Ang. (h. 62, 264, 1950). By use of these models it is 
ible t distinguish clearly between aromatic and aliphatic 
.,turat on, and to determine on the model whether planes 
maxim m *-electronic charge density are parallel or at an 
le toc ch other. This is of great importance in deciding 
ther 1 sonance is possible or not. 


om n dels according to Stuart and Briegleb show the 
tive s heres of the single atoms in an enlargement of 


1.5 x 108 (1 cm=0.67A, 1 A=1.5 cm). Connections between 
the different atoms are made with snap fasteners. Those 
models with only a single bond (H, halogens) are provided 
with a permanent snap fastener. Spring metal wedges are 
inserted in the slots of models used in double bonds to pre- 
vent rotation. 

For the hydrogen in a hydrogen-bridge, a special model has 
been designed which makes due allowance for the typically 
small inter-atomic space in a hydrogen bridge. The hydrogen- 
bridge bond is effected by a hook and eye arrangement to en- 
able larger angle shifts. Thus, the construction of strongly 
bound, hydrogen-bridged macro-molecules is possible. 


/ 7 BN «|| 


Arom:tic | “Condensed | C.5 Saturated | | C-Allenic |C-Acetylenic] N-Amino N-Azo 
Cc =c=>| -c= N TaN 


\/ 7 
(0) [\ 
44, 


Single unit for 


For the amino For azo, diazo, 


the two atoms For unsaturated For the group, also suitable) ide di 
oraromatic | in common in |five-membered rings, | construction Fo for five-membered 
jompounds a condensed yr also in condensed of allenes racetylenes | rings, hydroxylami- 

aromatic ring $ ring systems and ketenes nes, amides, hydra- eomneunds 

system zines, and hydrazides _ 
= 1.9m = fo =1.9cm = 2: fg = 1.9 cm 
‘ = 24cm = 24cm =2.4cm = 2.4cm = 2.4m 
ht = 3.1. cm hi =3.1 cm hi = h=2.0 h =—3.0 hi = 3.1 cm 
2 = 48cm he = 4.8cm ho = 4.8m he = he = 4.8 cm 
| 
B=y=120° a=12 B =12 = 180° a = 180° B = 110° = 120° 
y= 110° y= 134° 
black, black, 
black black black blue blue 
yellow yellow 
302-12 302-13 302-14 302-15 302-18 302-19 302-30 302-31 
0-Ether O-Siloxane S-Bisulfide S-Thiophene Si P—O-Group $O,-Group 
O O 
O S P S 


>° 


| @@ | O 


or the hydroxy! As oxygen in sili- 
group, ethers, cones and polysi- 


sters, lactones, For bisulfides For five-membered For silicones Inorganic phosphate} In organic 
ind heterocy <lic Lanatio “| with th and sulfides thiophene rings and silanes groups sulfate groups 
br more ato ns Si 
fq = 1.9. em = 2.2cm =2.0cm fg = 2.5cm 
h=29 h = 2.6 h, = 3.7 cm hs = 3.6cm 
cm h=3.7 cm h=3.4cm h =4.3.cm = 6.4.em hs.9 = 
a = 109° an = a =~ 
a = 130° a = 100° a = 110° | ym dm 110° a = 105° a = 110° 
red yellow 
red lateral face yellow lateral face light grey red and light brown red and yellow 
light grey brown 
302-52 302-55 302-56 302-60 302-65 302-66 


001 South Knox Avenue, Chicago 29, Illinois Lipine 


aro) 
lekiilg 
P. 
org 
In ef 
toms 
7 the . 
the 
“sponse 
It is mel 
| 
| 
(®) | | 
bonds ins 
rings ‘ 
etraene 
and carbo | é 
19cm 
2.4m 
3.1 cm 
4.8 em 
‘ 
| 
-arbon | 
i 
red, 
vend for 
302-50 


Phthalocyanin Molecule 


has four groups made up of benzene and pyrrole rings connected 
by nitrogen bridges. It is for the purpose of demonstrating 
these bridges that the new nitrogen-bridge model was introduced. 


ATOM MODEL PRICE LIST 


Classification | Sets 
Initial | Supplementary School 


Catalog No. Catalog No. Catalog No. 
302-80 302-81 302-88 
Model _ Pieces per Set | Pieces per Set Pieces per Set 


H 30 
H-Bridge 
Glycerine-8-Phosphoric Acid 
and other organic phosphates so important | 
in biochemistry can be constructed with the C-Aliphatic 
new P=O model. The atoms of this group C-Ethylenic 
are permanently connected with each other C-Aromatic 
so that it is only the substituents that need © Condi Avomaiic 
attaching to the phosphorus atom. Ce Salusated 
C5-Unsaturated 
C-Allenic 
C-Acetylenic 
N-Amino 
N-Azo 
N-Aromatic 
NO. 
N-Peptide 
N5-Unsaturated 
N-Bridge 
N-Nitrile 
O-Carbonyl 
O-Ether 
O-Siloxane 


S-Bisulfide 
Taurine S-Thiophene 


and other sulfur compounds in the sulfone Si 

group can be constructed with the new SO: P=O 

model. The two oxygen models are per- SO: 
manently connected to the sulfur model, Total Models 
which has a valence angle of 110°. Substit- Quick Fasteners 

uents can be connected only to the sulfur Spring Metal Wedges 
atom. Ejector Tools 


| 


Price per Set 
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SARGENT-JENSEN - HIGH FREQUENCY 


TITRATOR 


FOR CONDUCTOMETRIC TITRATIONS 


® No Electrodes 


@ No Physical Contact Between 
Instrument and Sample 


@ High Sensitivity 


MODEL HF 


Designed and manufactured by 
E. H. Sargent & Co. in collaboration 
with Fred W. Jensen. 


$-29230 TITRATOR-—Sargent-Jensen, Model HF. 


This instrument provides a new facility for the high fre- 
quency measurement of conductance and dielectric con- 
stant. It is primarily designed for use with aqueous or 
semi-aqueous solutions of electrolytes, and in particular 
as an indicator of the course of titration reactions for end 
point determination. This method is characterized by an 
absence of physical or electrical contact between instru- 
ment and the solution under measurement, and thereby 
eliminates the problems associated with use of electrodes 
in low frequency conductance measurement, while pro- 
viding a high order of sensitivity. 


The method is based upon the principle that changes in 
the electrical properties of a solution exposed to the high 
frequency electromagnetic or electrostatic field associated 
with an electronic oscillator are reflected as changes in the 
electrical character of the oscillator circuit. The instru- 
ment measures directly the high frequency voltage appear- 
ing at a circuit tuned by the sample and its associated 
vesscl to a frequency of 4.5 megacycles per second. 


Changes in conductance result in changes in the amount 
of power withdrawn from the circuit with consequent 
changes in amplitude of the high frequency voltage. 
Changes in conductance in a sample solution during titra- 
tion are, therefore, registered as changes in deflection of a 
panel mounted meter. The course of a titration may be 
followed by recording meter deflection as a function of 
volume of titrant added. 


All controls necessary for operation of the instrument are 
mounted on a sloping front panel of aluminum with an 
anodized finish. In addition to the large indicating meter 
mounted at the center of the panel there are grouped con- 
trols for adjusting the sensitivity of indication, for com- 
pensation of a major part of the initial voltage to allow 
use of maximum sensitivity during titration, and a tuning 
adjustment whereby increased sensitivity may be provided 
in titrations involving very dilute solutions. Height, 8/2 
inches; width, 1734 inches; depth, 11 inches; finish, gray 
enamel. Complete with one S-29240 cell and cord and 
plug for attachment to standard outlets. For operation 
from 115 volt, 60 cycle, A.C. circuits.........$425.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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Welch HOT-WIRE GLASS-TUBING CUTTER 
Makes Quick, Clean Cuts 


Cuts Tubing up to 3 Inches in Diameter 


Cuts Pyrex-Brand Glass 


or soft glass 


Adjustable 


heating current 


Step by step 
instructions 
' on top 


Wire is readily 
replaceable, extra 
wires included 


Place scratched 
line on wire 
Turn on current 


Scratch tube 
with wheel 


Glass yong bottles, or jars up to 3 inches in 


diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other 
hard-glass tubes can be cut with equal ease. 

The article is first encircled with a scratch made 
by a cutter wheel conveniently mounted on the side 
of the transformer, the scratch is heated by contact 
with the hot wire, and then cooled quickly by 
applying water or by blowing on it. No other 
equipment is required. 

The cutting wire is supported on two insulated 


Allow drop of 
water to fall Result: A clean 
on line break 


posts and is heated by current from a 12-volt 
transformer serving as the base. No. 24 (B&S 
auge) nichrome wire is used and is easily replaced. 
ee extra wires are included. By means of an 
adjustment on the transformer, the current can be 
controlled to give the optimum heat for whatever 
type glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 

are 6 x 414 x 9 inches high. 
No. 5210. Each, $29.50 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH SCIENTIFIC COMPANY 
1514 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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SATION 


Nous ENCYCLOPEDIA 
Complete OF CHEMICAL TECHNOLOGY 


Edited by RAYMOND E. KIRK, Head, Department of Chemistry, and DONALD 


F. OTHMER, Head, Department of Chemical Engineering, Polytechnic Institute 
of Brooklyn, N. Y. 


Assistant Editors: Janet D. Scott and Anthony Standen 


15 volumes of approximately 960 pages each, “When we reviewed the first volume in 1947, we 


treat the whole field of industrial chemistry and said “. . . no technical library, large or small, 

chemical engineering with special emphasis upon can afford to be without this vital reference 

American industrial practice. work.” Time and 15 volumes have demonstrated 
that the comment of 10 years ago was no exag- 

Fully indexed—Volume 15, which just appeared, geration.” 

contains an Index to the entire work in 620 Wa ttTER J. MurPHY 

pages—about 50,000 entries. in “Chemical and Engineering News” 


The ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY is available at a 
SPECIAL PRICE of $25.00 per volume—valid only until July 1, 1957. 


Keeping up to date— 
A SUPPLEMENT Volume, similar in size and format to the original volumes, and 
devoted to subjects in which recent advances have been particularly striking, will 
be published in the Fall of 1957. Price, $25.00 


Announcing 


MICROCHEMICAL JOURNAL 


Editorial Board: NICHOLAS D. CHERONIS, Chairman; 
JOHN A. MEANS, ALFONSO G. MISTRETTA, T. S. MA, A. A. BENEDETTI- 
PICHLER, BELLA ROSENFELD, together with a Board of Contributing Editors. 


Published under the auspices of the METROPOLITAN MICROCHEMICAL 
SOCIETY 


The literature on microchemistry has been widely scattered and, in the abstracted 
literature, it has been difficult to find references to microtechniques. 


MICROCHEMICAL JOURNAL, the only journal in the 
English language devoted to microtechniques, will act as Two issues of MICROCHEMICAL 
a medium for publication, and as a focus for information JOURNAL are planned for 1957, total- 


of interest to all microchemists. In addition, an abstracts ing over 300 pages for the complete 
section in each issue, will cover papers, or portions of papers, volume. The first issue is scheduled to 
relevant to microtechniques, from a wide range of journals appear in April 1957. 


in numerous countries. 


Subscription rate: $9.60 per year 


INTERSCIENCE PUBLISHERS, INC. 


250 FIFTH AVENUE, NEW YORK 1, NEW YORK 
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Carefully integrated 
Theory... 
Practice... 
Problems... 


- 


W. J. Blaedel 
V. W. Meloche 


University of Wisconsin 


ELEMENTARY 
QUANTITATIVE 


ANALYSIS: 


Theory and 
Practice 


[with Supplement] 


130 
Experiments. ........... 29 
Illustrative examples... .. 209 


Questions and problems. . 1543 
18 


Row, Peterson & Co. 
Evanston, Illinois 


Recent Sooke 


age, follow: emission spectroscopy (26); 
flame photometry (19); visual and ultra- 
violet spectrophotometry (32); infrared 
spectrophotometry (17); Raman spectros- 
copy (11); mass spectrometry (12); 
X-ray diffraction (31); survey of electro- 
analysis (9); polarography (33); poten- 
tiometric analysis (28); conductometric 
analysis (19); coulometric analysis (25); 
and radioactivity (48). 

For each type of instrument operating 
techniques and data are given, along with 
its advantages and limitations. Also 
included are examples of its use, and cer- 
tain commercial sources of such instru- 
ments. 

If space were available, the reviewer 
might discuss certain statements and no- 
menclatural usages; however, in general, 
he believes that the authors have fulfilled 
very well their expressed objectives for 
the methods selected. 


M. G. MELLON 
PurpvE UNIVERSITY 
LAFAYETTE, INDIANA 


ORGANIC SYNTHESES: AN ANNUAL 
PUBLICATION OF SATISFACTORY 
METHODS FOR THE PREPARATION 
OF ORGANIC CHEMICALS. 
VOLUME 36 (1956) 


N. J. Leonard, Editor-in-Chief. John 
Wiley & Sons, Inc., New York, 1956. 
vi+120pp. 23.5cm. $3.75. 


Tuis latest addition to this annual se- 
ries gathers together the work of 62 con- 
tributors and deals with 35 important new 
syntheses. Every preparation has been 
carefully checked by the editors and their 
colleagues. This volume again gives the 
equations for the reactions and procedures 
for production with accompanying notes 
and other methods of preparation for each 
compound included. 

Preparations are listed under common 
names and Chemical Abstracts names for: 
bischloromethy! ether, a-chlorophenyl- 
acetic acid, N-2-cyanoethylaniline, 1- 
cyano-3-phenylurea, 1,2-cyclodecanediol, 
cyclodecanone, diazomethane, 1,1-di- 
chloro-2,2-difluoroethylene, N,N’-diethyl- 
benzidine, N,N-dimethylselenourea, ethyl 
diazoacetate, -ethyl-£-methylglutaric 
acid, ferrocene, 2-furoic acid, d-gulonic- 
y-lactone, n-hexy] fluoride, 6-hydroxynic- 
otinie acid, 4-iodoveratrole, laurylmethyl- 
amine, p-methoxyphenylacetonitrile, 3- 
methyl-4-nitropyridine-l-oxide, a-naph- 
thyl isothiocyanate, o- and p-nitrobenzal- 
diacetate, 1,4-pentadiene, N-phenylbenz- 
amidine, propiolaldehyde, putrescine di- 
hydrochloride, 2-pyrrolealdehyde, sebacil, 
sebacoin, a-sulfopalmitic acid, tetraethyl- 
tin, tetrahydrothiophene, p-toluenesul- 
fonic anhydride, and 2,4,6-tribromobenzoic 
acid. 

The cumulative index comprises all 
material contained in Volumes 30 to 36, 
inclusive, all previous preparations having 
been tabulated in collective volumes 1, 2, 
and 3. It is significant to note that of the 
35 previous annual volumes 23 are already 


(Continued on page A241) 


Basic to Dependable. 
Lab Ware -VITREOSIL 


theor 
tains 
the st 
or all 
are 


The most exacting needs of 
laboratories throughout the 


world are most eminently Meche 
and successfully met by the v 
Vitreosil ware (pure fu cal 
silica) produced to the high- 
est standards of quality. to be ( 
Chemical purity, high re- ler 1s 
sistance to heat shock, un- radiat 
usual electrical resistivity, proble 
best ultra-violet transmis- 
sion (in transparent quali- can 8¢ 
ty) and low initial cost com- repeat 
to platinum are some By CARL | 
eatures of Vitreosil fused 194", wi 
quartz. 
large s re) paren 
and opaque, including Bro 
lazed and unglazed cruci- 
evaporating dishes, Gel 
beakers, tubing and rods in 
all diameters and sizes, we In 12 | 
offer prompt fabrication of the nee 
ial items. It ej 
Write today, giving 
full details of your re- student 
£05 quirements or ask for “a 
illustrated bulletin. explana 
THERMAL AMERICAN imports 
‘FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey SCIEnCes 
ments, 
Please send ittustrated bulletin or informa: and ge1 
tion on. both thy 
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TO TEACHERS FOR 
CONSIDERATION AS TEXTS 


New (2nd) Edition—Noller’s 
Chemistry of 
Organic Compounds 


The ew (2nd )Edition of this popular text blends 
theoretical with practical organic chemistry. It con- 
tains a truly comprehensive and detailed treatment of 
the subject, ideal for students majoring in chemistry 
or alliec sciences. Current concepts of mechanisms 
are explained and emphasized. The material on 
Mechanisms of Organic Reactions is integrated from 
the very beginning of the book, thus enabling proc- 
esses such as cracking and isomerization of alkanes 
to be explained earlier in the course. An entire chap- 
ter is devoted to the absorption of electromagnetic 
radiation. A greater number and wider variety of 
problems are provided, arranged so that the instructor 
can schedule 4 or 5 years of assignments without 
repeating. 


By CARL R. NOLLER, Professor of Chemistry, Stanfcrd University. About 1008 pages, 6” 
x 944”, with about 105 illustrations. New (2nd) Edstion—-Ready August, 1957. 


Brook’s Basie Faets of 
General Chemistry 


In 12 chapters this concise work completely covers 
the needs of the student’s course in general chemistry. 
lt gives the facts simply yet scientifically, enabling 
students to understand the material without extra 
explanation. To make the course more meaningful 
and tie it in with the student’s other subjects, many 
important applications are made to the biological 
sciences. Helpful appendices include a table of ele- 
ments, common names of some important chemicals 
and general rules of solubility. Review questions of 
both the factual and essay type follow each chapter. 


By STEWART M. BROOKS, Ph.G., BS., M.S., Instructor in the Sciences, School of 
ae Mohlenberg Hospital, Plainfield, New Jersey. 354 pages, $34” x 8”, illustrated. 


West Washington Square 
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W. B. SAUNDERS COMPANY 


Noller’s 
Textbook of 
Organie Chemistry 


This text is designed for the standard basic course in 


organic chemistry. Considerable emphasis on the 
mechanisms of organic reactions is maintained through- 
out. This feature, together with a sound, logical pres- 
entation of the material usually considered in such a 
course, has resulted in a text that successfully blends 
theory with the practical aspects of the subject. 
The material has been arranged and cross-indexed in 
such a way that sections or whole chapters may be 
omitted, or the sequence of chapters may be altered, 
without impairing the usefulness of the text. 


By CARL R. NOLLER, Professor of Chemistry, Stanford University. 646 pages, 6” x 914” 
illustrated. $5.75. 


Fischer’s Quantitative 
Chemieal Analysis 


Here is a clearly written text containing more than 
enough material for a one semester quantitative 
course. The book’s four parts include introductory 
material, gravimetric and volumetric methods of 
analysis and a discussion of optical and electric meth- 
ods of analysis. The unit operation approach has 
been used throughout in describing laboratory opera- 


_‘tions and in outlining the various schemes of analysis. 


The organization of the material is flexible enough to 
permit adaptation to varying circumstances, so that 
either gravimetric or volumetric analysis may be 
taken up immediately following the introductory ma- 
terial. There are penetrating questions and a large 
number of well-graded problems at the end of every 
chapter. 


By ROBERT B. FISCHER, Associate Professor of Chemistry, Indiana University. 401 pages. 
7” x 10”, illustrated. $5.50. 


Philadelphia 5, Pa. 
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.what it means to you 


For 75 years, America’s laboratory chemists have been 
able to rely upon the purity of B&A reagents with abso- 
lute confidence. As America’s foremost producer of 
laboratory reagents and fine chemicals, B&A has con- 
sistently set the pace in purity . . . in packaging for 
safety and convenience . . . and in the development of 
new and improved products. Today, a coast-to-coast 
chain of distributing stations stands ready to fill all 
your laboratory chemical needs—promptly and depend- 
ably, as for 75 years. Your B&A salesman will be glad 
to work with you in having local stocks built to meet 
your requirements. 


BAKER & ADAMSON® 
Laboratory Chemicals 
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\TION 


By JEAN BRACHET 
University of Brussels, Belgium 


June 1957, about 450 pp.., illus., 
approx. $10.00 


of general biology. 


written in the same spirit as 


Embryology.” 


the cell. 
CONTENTS: 


Biochemical Cytology 
Brief Survey of the Techniques 


Isolation of Cell Constituents. 
The Cytoplasm of the Resting Cell 


plasmic Granules. 


The Nucleus of the Resting Cell 
Morphol 


Yeasts. 
Mitosis 


of Mitosis. 


| Synthesis 


Role of RNA in Protein Synthesis. 


Nucleocytoplasmic Interactions in 
2 Or 2 


Merotomy Experiments. 


Intact Cell. Discussion. 

| Embryonic Differentiation 
Theoretical Considerations. 
Conclusions. 

| Remarks on Cancer Cells 

Cancer. Chemotherapy of Cancer. 


Final Remarks 
Index. 


ACADEMIC PRESS INC. 
Publishers 


Biochemical Cytology 


THIS BOOK is addressed to all those 
who, familiar with the funda- 
mentals of descriptive cytology, 
biochemistry, embryology, and ge- 
netics, seek a systematic and united 
presentation of the development of 
scientific knowledge in these fields. 
In this volume the author has 
| linked the various sciences by his 
| integrated treatment of the mor- 
phological and biochemical aspects 


“Biochemical Cytology” is 


author’s previous work, ‘Chemical 
The emphasis is 
placed on the more modern and 
dynamic aspects of cytology in order 
to present a broad and coherent ex- 
planation of the known facts about 
the morphology and biochemistry of 


Introduction: The Recent History of 


Optical Methods. Cytochemical Meth- 
Quantitative Histochemistry. 


The Cell Membrane. The Ground Sub- 
stance (Hyaloplasm) and the Micro- 
somes. The Mitochondria. Other Cyto- 


and Chemical Composition 
of the Nucleus. The Nuclear Membrane. 
Chromatin. The Nucleoli. The Nuclear 
Sap. The Nucleus in Bacteria and 


Structure and Chemical Composition 
of Chromosomes and Achromatic Ap- 
paratus. Description and Discussion 
of a few Mitotic Abnormalities. Bio- 
chemistry of Mitosis. Mitotic Inhibi- 
tors. Stimulation of Mitosis. Theories 
and Hypotheses about the Mechanism 


| Nucleic Acids in Heredity and Protein 
The Role of DNA in Heredity. The 


Introductory Remarks. Results of the 
Hypotheses on 
the Biochemical Role of the Nucleus. 
The Nucleus and Cellular Oxidations. 
Qualitative Chan; in the Metabolism 
of Non-nuclea Amoeba Fragments. 
Phosphate and Coenzyme Metabolism. 
The Role of the Nucleus in RNA and 
Protein Metabolism. RNA and Pro- 
tein Metabolism in the Nucleus of the 


| The Nucleus and the Cytoplasm in 
Biological 
Facts. Biochemical Facts. General 


Structure and Metabolism. Origin of 


111 Fifth Ave., New York 3, N. Y. 
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Recent Sooke 


out of print. This attests to the great 
popularity and usefulness of the series. 
Fortunately, however, the three collective 
volumes are still available. This latest 
volume is identical in size, style, appear- 
ance, and quality with all previous releases 
in the series. It is actually remarkable 
how year after year the editors have man- 
aged so well to maintain the high quality, 
general interest, and applicability of the 
preparations included. Without doubt 
this is a work of considerable value to 
practicing organic chemists. 


RALPH E. DUNBAR 
Nortu Dakota State 
Faroo, Nortn Dakota 


MEDICINAL CHEMISTRY. VOLUME III 


F. F. Blicke and R. H. Cox, Editors-in- 
Chief John Wiley & Sons, Inc. New 
York 1956. vi + 356 pp. Many figs. 
and tables. 16 X 23.5cm. $10.50. 


Vo.vumE III of this series, appearing in 
the same year as Volume II, gives promise 
that the delay in publication of the con- 
tained reviews may decrease. For the 
first two chapters of the present volume 
the closing date of the literature survey is 
1952 and for the third, 1953. The fourth 
chapter does not specify the closing date 
but has references dated 1954. The 
method of searching the literature, i.e., the 
headings searched, would be a material 
addition to each of the chapters. The 
value of Volume III would have been in- 
creased by including a listing of the chap- 
ters of Volumes I and II. 

Chapter I, by Thomas P. Carney, treats 
Methadone and Related Analgesics. 
Other aspects of analgesics have been 
treated in each of the earlier volumes. 
The promise of the preface is not fulfilled 
as testing methods are not even briefly 
discussed nor is there reference to the chap- 
ters in the earlier volumes on other chemi- 
cal types of analgesics. The tables are 
extensive, but critical usage would require 
frequent use of the references as the species 
of animal in question are not always speci- 
fied. The term “inactive” rather than 
‘fnactive at a given dose’’ is used from 
time to time in the tables. This is a 
worthwhile summary of the field. 

Chapter II, by Peter L. deBenneville, 
is an exhaustive treatment of Quaternary 
Ammonium Germicides. The inclusion 
of numerous references to reviews of other 
aspects of the subject is a laudable feature. 
An excellent critical discussion of test 
methods emphasizing the number of var- 
iables which must be controlled to assure 
reproducible results is presented. The 
mode of action of the compounds is con- 
sidered. This is a very useful chapter. 

Chapter III, by V. Papesch and E. F. 
Schroeder, deals with Non-Mercurial 
Diuretics. Compounds only secondarily 
diuretic or with other major activities such 
as digitalis and the hormones are also 
excluded. There is a useful classification 
of diuretics although the place of the car- 
bonic anhydrase inhibitors in it is not 


(Continued on page A242) 


the latest 

shade of 
COLORLITH 

table tops 


Now youcan decorate your 
laboratory with table tops 
in one of three bright, fresh 

colors that bring a new 

attractiveness to work- 

ing areas. Johns- 

Manville’s Color- 

lith is furnished in 

fashionable Char- 

: coal Gray, rich Cameo 

Brown and now .. . a sparkling new 
light tone—Surf Green. 


Colorlith is an asbestos-cement 
material specially developed by Johns- 
Manville for table tops, fume hoods and 
other laboratory work spaces. It has a 
high resistance to most chemicals—acids, 
alkalies and solvents. It has excellent 
tensile, shear and compressive strength 
and resists shattering, flaking and impact. 

Colorlith is easy to machine with ordi- 
nary metal-working tools. No elaborate 
protective coating is necessary, but easy- 
to-apply, wipe-on finishes can be applied 
after installation. They are recommended 
for Surf Green and Cameo Brown tops. 
Available through leading manufacturers 
of laboratory equipment. For their names 
and descriptive folder EL-62A, write 
Johns-Manville, Box 14, New 
York 16, N. Y. In Canada, Port 
Credit (Toronto), Ontario. 


Johns-Manville 
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CONSTRUCT 
ACCURATE 
3-DIMENSIONAL 
REPRESENTATIONS 
OF MOLECULAR 
STRUCTURES 

with a CATALIN 


molecular 
model set 


Catalin Models consist basically of 
distinctively colored spheres and 
comprise eleven elements in their 
various valency states: : 


HYDROGEN 
CARBON 
NITROGEN 
PHOSPHORUS 
OXYGEN 
SILICON 
SULPHUR 
FLUORINE CHLORINE 
BROMINE « IODINE 


All elements are designed to give 
appropriate representation to the 
three basic dimensions of the atom: 
Bond Length * Bond Angle « Spherical Diameter 
Each model set is supplied complete 
with rubber pegs for joining atoms 
to form molecules, pliers for extract- 
ing pegs, and an engineering drawing 
showing dimensions and facial angles 
of each atom, in lined and parti- 
tioned cabinet. 

Separate atoms of all elements are 
also available. 
250 atomic models of 
11 elements, complete 
with pegs, extraction 
pliers, in lined 
partitioned cabinet 


$210. 


Additional Atoms 


a Ss For more details, write Dept. JCE-5 


ARTHUR F. SMITH CO. 
Ccjo 311 Alexander St., Rochester 4, N.Y. 
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clear. The authors discuss the methods 
of testing and modes of action clearly. 
The presentation of diuretic activities in 
a uniform manner in the otherwise well 
organized tables is apparently not possible 
due to differences in test methods. The 
most extensive discussion in this good re- 
view is of purine compounds. The 
authors’ statement, “In gathering the data 
for this review, we have been unable to de- 
tect any general rules describing the re- 
lation of diuretic activity to chemical 
structure,’ is refreshingly frank. 

Chapter IV, by A. Stempel and J. A. 
Aeschlimann, treats Synthetic Analogs of 
Physostigmine. It is stated (p. 240) that 
the “nerve gases’’ are not considered to 
be structural analogs of physostigmine 
but there is no definition of what is. An 
interesting introduction gives the back- 
ground of the work. Screening procedures 
are well covered but a tabular presenta- 
tion of the numerous methods would have 
been helpful. Such a table would have 
helped in the presentation of the relative 
specificities of the compounds discussed. 
The authors in general report cited re- 
sults without judging them for the reader 
(see the discussion of Ro 2-1250). The 
tables are apparently organized by refer- 
ence with the desirable consequence that 
results within a table are comparable but 
the reader must be prepared to find a com- 
pound appearing in more than one table 
(compare Tables 10 and 13). Several 
styles of designation of compounds within 
a table are used including laboratory serial 


numbers. This lack of uniformity seems . 


undesirable. The tables are not well 
titled as Table 7 gives subcutaneous toxic- 
ities but does not mention animal species 
and Table 11 is headed, in full, “Ortho 
Analogs.” 

The index of the volume is adequate in 
view of the extensive tabulation. The 
value of such. reviews would be enhanced 
by having a clearer definition of the re- 
viewed matter and by their more prompt 
publication. 


JACKSON P. ENGLISH 
Researcu Division, AMERICAN 
CYANAMID CoMPANY 
Peart River, New York 


CHEMISTRY OF CARBON COMPOUNDS. 


VOLUME III. PART B: AROMATIC 


COMPOUNDS 


Edited by £. H. Rodd. Elsevier Pub- 
lishing Co., New York, 1956. xx + 982 
pp. 30tables. 16 X 23cm. $25. 


VouumeE IIIB of Rodd’s “Chemistry of 
Carbon Compounds” constitutes a con- 
tinuation and completion of the survey of 
Aromatic Compounds which was under- 
taken in Volume IIIA in 1954. This 
series has to date completed its considera- 
tion of Aliphatic, Alicyclic, and Aromatic 
compounds in three volumes (six separate 
books), and will be completed with future 
volumes on Heterocyclic compounds and 
Miscellaneous topics. 


(Continued on page A244) 
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POLAROGRAPHIC 
METHOD 


OF ANALYSIS 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 
of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


| 

| 

| 

| 

| 

| 

| 

| 
In this second revised and augmented 
edition, the author purposes “‘to present | 
a simple account of polarography ina | 
form which can be used by teachers and_ | 
students in physical chemistry as well | 
as in advanced courses in analytical 
chemistry.” The emphasis is on prin- | 
ciples and the scope is descriptive rather | 
than mathematical. It begins with an | 
excellent review of electroanalysis, | 
showing the relation of polarography to | 
other electro methods. A brief de- | 
scription of apparatus includes equip- | 
ment constructible from parts readily | 
available in many laboratories. Funda- 
mentals of quantitative and qualitative | 
analysis and recent developments are | 
discussed in some detail. Chapterson | 
applications and suggestions for prac- | 
tical polarography complete the book. 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


A particularly good feature is the in- 
clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of the funda- 
mentalsof polarographic measurements. 


Joun K. 
ANALYTICAL CHEMISiRY 


illustrated $4.50 
(Foreign $5.00) 


CHEMICAL EDUCATION 
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Longmans Books 


ELEMENTARY PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel, Woolwich Polytechnic, London. 
PARTI: SMALL SCALE PREPARATIONS 


Covers the theory of general technique, experimental technique, aliphatic compounds, aro- 
matic compounds, and miscellaneous compounds and miscellaneous reactions. Devoted 
exclusively to small scale preparations, this introductory text contributes to sound training 
in laboratory methods and gives directions for the preparation of a wide variety of organic 
compounds. (Most of the small scale apparatus suggested for use may be obtained from 
The Ealing Corporation, Box 90, Natick, Mass.) 1957 (published). 362 pp. 5% by 8% in. 
Figures. $4.50. 


(Part II: Qualitative Organic Analysis, will be published in June, 1957; about 375 pages; 
about $4.50. Part III: Quantitative Organic Analysis, will be published in January, 1958.) 


PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel. A comprehensive reference and refresher for the organic chemist. 
Third Edition. 1956. 1188 pp. 614 by 914 in. Figures and tables. $12.00. 


STEREOCHEMISTRY and the Chemistry of Natural Products 


By I. L. Finar, Northern Polytechnic, London. Vol. II of Organic Chemistry. Emphasis on 
reaction mechanisms and evidence of chemical structure. 1956. 733 pp. 614 by 10 in. 
Figures. $8.50. 


PHYSICAL CHEMISTRY for Students of Pharmacy and Biology 


By S. C. Wallwork, University of Nottingham. Introductory text, with beginning 
chapter on essential mathematics; problems and answers. 1956. 307 pp. 6 by 9 in. 


44 figures. $4.75. 


POLAROGRAPHY and Other Electroanalytical Processes 


By G. W. C. Milner, AERE (Harwell). Methods and interpretation of data obtained from the 
use of the mercury-thread electrode and similar devices in chemical analysis. 1957 (published). 
729 pp. 5% by 8% in. 183 figures. $17.50. 


TABLES OF PHYSICAL AND CHEMICAL CONSTANTS and Some 
Mathematical Functions 


By G. W. C. Kaye and T. H. Laby. Useful reference book for the chemist. Eleventh 
Edition. 1956. 233 pp. 6% by 10in. $5.00. 


LONGMANS, GREEN AND CO., Inc. 


55 Fifth Avenue, New York 3, N. Y. 20 Cranfield Road, Toronto 16, Canada 1724 
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non-corrosive... acid resisting 


VULCATHENE”® 
_ Plumbing Equipment 


VULCATHENE is a tough, horn-like 
polyethylene. . . practically unbreakable! 
Extremely light, lighter than aluminum, 
VULCATHENE’S adaptability to socket welds 
(polyfusion) and threaded couplings permits 
easy, economical installations to combat 
acids and corrosion. 


CHEMICAL RESISTANCE 
VULCATHENE resists most strong acids and all 
alkalies. It is resistant to mercury, also diluted 
solutions of chlorine and ~arious bleaches cause 
little or no effect 


SOLVENT RESISTANCE 
VULCATHENE is almost completely insoluble in all 
organic solvents at room temperatures. Glycerine, 
ether, carbon disulphide, acetone or linseed-oil 
can not dissolve it. 


WATER RESISTANCE 
VULCATHENE has resilient elasticity that 
responds to freezing water. Upon thawing out, after 
stretching, it returns to original thickness with- 
out suffering the thinning effect which occurs in 
materials similar to lead. 


CORROSION 
VULCATHENE definitely does not corrode. All 
surfaces remain clean and smooth under extreme 
corrosive conditions. 


We invite your request for more detailed 
information ‘about the properties of Vulcathene 


625 SOUTH GOODMAN om: ROCHESTER 7 2, NEW YORK™ 


DIVISION OF THE NALGE C 


Threaded Vulcathene Coupling 
—{—: Polyfused Socket Weld : 4 


plumbing equipment and methods of installation. 


Recent Sooke 


The twelve chapters which comprise the 
present volume have been contributed by a 
group of thirteen British chemists, several 
of whom are also contributors to previous 
volumes. These chapters complete ‘he 
survey of mononuclear benzene derivatives 
begun in Volume IIIA and continue with 
considerations of polyphenylated alip):at- 
ics, biphenyls and related compounds, 
polynuclear condensed aromatic deriva. 
tives and monocyclic quasi-aromatic sys- 
tems, such as tropolones and metallo-)is- 
cyclopentadienyl derivatives. As with 
previous volumes in the series the authors’ 
task has been more to provide a careful 
selection of significant material rather than 
an exhaustive, undigested survey, and the 
balance between early literature citations 
and very recent ones seems to be about the 
the same as in earlier volumes. The 
text’s approach to its subject matter fol- 
lows the previous (Richter) pattern of de- 
scribing general preparative methods, 
physical properties and chemical reactions, 
then of examining a number of more im- 
portant individual members of the class 
under consideration. The main emphasis 
of the book continues to be descriptive 
rather than theoretical, although one does 
find frequent up-to-date reference to 
theoretical material. The list of periodi- 
cals cited for reference in the present vol- 
ume includes about 180 different primary 
sources. The index, which consists of 
some 135 pages and over 13,000 entries, 
has been constructed with a limited 
amount of cross referencing, restricted to 
those entries which handle equally used 
alternate names. There is no separate 
author index. References, as before, are 
included parenthetically in the body of the 
text rather than as footnotes. The very 
limited number of entries on the Corri- 
genda sheets furnished for Volumes IIIA 
and IIIB continue to attest to the pain- 
staking care which has gone into the prep- 
aration of this series. 

The convenience and importance for the 
practicing organic chemist of owning the 
books in Dr. Rodd’s series becomes in- 
creasingly apparent with the advent of 
each new volume. One can only say that 
the uniform praise which previous volumes 
of the series were accorded continues to 
be fully merited in the present one. 


WILLIAM A. BONNER 
Stranrorp UNIVERSITY 
STANFORD, CALIFORNIA 


SCIENCE AND ECONOMIC 
DEVELOPMENT: NEW PATTERNS OF 
LIVING 


Richard L. Meier, Program of Educa 
tion and Research in Planning, University 
of Chicago. Technology Press, Massa 
chusetts Institute of Technology and 
John Wiley & Sons, Inc., New York 1956. 
xviii + 266 pp. 28 figs. 22 tables. 
15.5 X 23.5cm. $6. 


Tue author states, “This book traces 
out a new path for economic develo)ment 
which is suggested and shaped by postwa! 
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—RONALD 
ESSENTIALS of 


An Introduction to the Basic Unit Operations 
A. A. BENEDETTI-PICHLER, Queens College 


deals in a thorough and systematic manner with the funda- 
mentals of observation and measuring. Concentrating on 
principles and practical procedures applicable to both 


data on the degree of precision of many unit operations, 
and supplies equations o which limits of error can be 
calculated for almost any quantitative operation. The 
book is also a convenient and reliable source of informa- 
tion for the calibration of weights. 


niques, use of equipment, and comprehension of unit 


procedures consist of only a series of simple unit operations 
requiring no more than moderate dexterity plus an under- 
standing of their purposes and underlying principles. The 
concepts of accuracy and precision are brought alive for 


course of study. Much important, new information, un- 
available elsewhere in the chemical literature, is included. 


© “A wonderful text and reference which every chemistry 
major should have in his library. . . . He will use it long after 
he graduates.””-—H. D. Rhodes, University of Arizona. 


a complete analytical chemist than any other work of com- 
nil size known to the reviewer.”—Cecil L. Wilson in 
HE CHEMICAL AGE. 

138 ills., tables; 666 pp. 


The WORLD of ATOMS 


An Introduction to Physical Science 


J. J. G. McCUE, formerly Smith College; 
with the assistance of KENNETH W. SHERK, Smith College 


An important textbook—designed for college courses in 
physical science—offering a comprehensive introduction 
to both scientific method and atomic science. Throughout, 
this volume depicts science as an engrossing human activ- 
ity by showing how the scientist goes about his work. It 
focuses on atomic science as a coherent branch of study— 
combining both physics and chemistry—and describes the 
chain of experiments and developing concepts that have 
led to our present theories. 


This is the first textbook to explain each scientific con- 
cept with a demonstrable experiment—in this way the 
teaching basis is always inductive. Simple mathematics, 
based on the principle of proportionality alone, is used 
throughout. Each chapter is organized to form a daily 
assignment. Book includes numerous carefully graded 
exercises. 


e “... skillfully written; the ingenious arrangement of sub- 
ject material makes it applicable to any of the as 
courses in the physical sciences.” —JOURNAL OF TH 
FRANKLIN INSTITUTE. 


© “... the best book on the presentation of the physical sciences 
to non-science majors that I have seen. Professor McCue has 
done an outstanding piece of research in correlating the 
physical sciences. He is logical, consistent, and thorough.” 
Frank P. Cassaretto, Loyola University. 

284 ills., tables; 659 pp- 
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QUANTITATIVE ANALYSIS 


This well-organized textbook and laboratory manual | 


organic and inorgatiic analysis, it includes specific numeri- | 


Throughout, the book emphasizes manipulative tech- | 
operations. It shows how the most complicated-appearing | 


the student by consistent application throughout the | 


e “... will take the newcomer further on the road to becoming | 


DAIGGER 
DIAL SPEED 
STIRRER 


¥ No power loss at 
any speed 


V Explosion safe 


V Stepless Speed Control 


The DAIGGER DIAL 
SPEED STIRRER has 


these outstanding features. 


© HOLLOW DRIVE SPINDLE allows raising 
and lowering of paddle without disturb- 
ing assembly. Rods up to 5{¢” diameter 
can be used. 

© GRADUATED DIAL allows resetting to 
any predetermined speed. 

© PRESSURE PORT for added safety from 
explosions, simply connect hose nipple 
(pressure part) to a compressed air line. 
The introduction of air under positive pres- 
sure prevents build up of explosive vapors 
in the fully enclosed motor. 


® LARGE UNIVERSAL CHUCK will accom- 
modate all sizes of rods up to 3<” diam- 
eter. 


DAIGGER DIAL SPEED LABORATORY 
STIRRER combines integral = control with 
constant torque at all speeds. There is no power 
loss at any speed as speed is controlled by cen- 
trifugal governor which will hold speed constant at 
any setting despite changes in voltage or viscosity 
of material being mixed. The combination of 
governor control and gear reduction drive elimi- 
nates reduced torque at low speeds. 


$6540-A DIAL SPEED STIRRER, speed range 80 to 1200 RPM, 
including mounting rod assembly, 115 Volts, 60 cycle, A.C. 
Less shaft and prcpelior. 


$6540-B Same as above, but speed range 


Each 
200 to 3000 RPM. $99.50 
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“For Scientists Everywhere” 
LABORATORY SHAKERS 


Build-Up® 
Design 


Wrist-Action 
Motion 
You control procedures from gentle to violent shaking and repeat any operation, 


exactly, at another time. Side clamps take various shapes and sizes, Top clamps 
take bottles and Erlenmeyet flasks. Loads need not be balanced. 


CAT. NO. ITEM PRICE 
75-765 BT Build-Up Wrist-Action Shaker, Size BT 232.50 
for 8 top and 8 side flasks 
Price listed is F.O.8. Pittsburgh, Pa. 


For 115 volts, 60 cycle, one phase. Other voltages to order. 
For additional data, ask for Bulletin No. 307 
ONE BASIC UNIT SERVES MANY DIFFERENT REQUIREMENTS 
You Build-Up with the new 8-place flat-top and with side arms for 8, 12 or 16 
flasks or bottles. One basic unit adapts to any combination. 


BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


Ace has a most extensive range of 
Funnels, listed on seven pages in 
Catalog “50,” including the complete 
line of Kimble brand separatory funnels. 


Whatever you need in laboratory 
glassware and related products, 


check Ace craftsmanship, budget j 
prices and courteous service. . . 
Know why Ace is your best buy. 
Ask Dept. FN- €C to send you 
Ace Catalog “50” 
Also in stock at our Midwestern 


Division, 639-41 South Hancock 
Street, Louisville, Kentucky. 


ACE GLASS INCORPORATED 
NEW JERSEY 
. 639-41 SOUTH HANCOCK ST. 
Glassware Specialists to Industry and Rescarch 
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discoveries in science and technology. It 
shows a way to adequate levels of livi.ig, 
available to everyone, which is still ineo -n- 
plete but can nevertheless be rapidly | x- 
tended and improved by specific kinds of 
research.”’ The major topics discus-ed 
include the Present World Predicam nt 
(Human Needs, Population, Resour: es, 
Fuel, Rocks and Minerals, Human Neds 
Unfulfilled), New Foods, New Fuels, » nd 
New Patterns of Living (The Malthus 
Dilemma, A Minimum Adequate Stand- 
dard of Living, Characteristics of the \ ew 
Urbanization, The New Industries, he 
Developmental Society, Social Organiza- 
tion for New Technology, Other Horizous). 
An appendix is included which pres: nts 

- problems in Fundamental Science ani in 
Applied Research. 

Each section is well documented with 
recent literature references. A usible 
index is included. 

In general the writing is well done which 
makes for easy reading. Sufficient data 
are included to support the arguments, 
to give substance to the topics covered, 
and to make the book both interesting as 
well as usable as a reference source. 

This book is to be recommended as a 
reference source for terminal courses in 
general science (either biological or physi- 
cal). It is also a useful reference source 
for the scientist and the layman for casual 
reading and study. 


A. B. GARRETT 


State UNIVERSITY 


PROGRESS IN NUCLEAR ENERGY. 
SERIES II: REACTORS 


Edited by R. A. Charpie, Oak Ridge 
National Laboratory, D. J. Hughes, 
Brookhaven National Laboratory, D. J. 
Littler, A. E. R. E., Harwell, and M. 
Trocheris, C. E. A., Saclay. McGraw- 
Hill Book Co., Inc., New York, 1956. 
x X 492 pp. Many figs. and tables. 15.5 
~X 23.5 cm. $14.00. 


PROGRESS IN NUCLEAR ENERGY. 
SERIES IV: TECHNOLOGY AND 
ENGINEERING 


Edited by R. Hurst, A. E. R. E., Harwell, 
and S. McLain, Argonne National Labora- 
tory. McGraw-Hill Book Co., Inc., 1956. 
xiii + 420 pp. Many figs. and tables. 
16 X 23.5cm. $12.00 


THEsE new series of books on “Progress 
in Nuclear Energy,” announced |: te in 
1956, are initiated by eight volumes, each 
of which is volume one in its particular 
series, These series are not to bi con- 
fused with the ‘National Nuclear Energy 
Series,”’ also published by McGraw-Hill, 
which were based upon declassified Man- 
hattan Project reports and later inivrma- 
tion. Nor should these series be cor {used 
with the United Nations publications 
the proceedings of the Geneva Confrence 
on Nuclear Energy. Instead thes new 
series will be international in sco}, !- 


(Continued on page A249) 


JOURNAL OF CHEMICAL EDUCATION 


| 
| 
| 
| 
| 
| 
6 
| 
‘ 
| | 
| 
| 
| 
| 
4 
| 
a 
© | 
| 
a 
= 
= 
= 
A246 
/ 


ivi ig, 
1COn- 
ids of 
us-ed 
mM ‘nt 
ur’ eg, 
Nevds 
ond 
itand- 
» New 
, The 
aniza- 
ZONS). 
esents 
nd in 


| with 
us:ble 


which 
data 
nents, 
vered, 
ing as 


las a 
ses in 
physi- 
source 
casual 


2RETT 


‘arwell, 
Labora: 
1956. 

tables. 


ogress 
lnte in 
1s, each 
rticular 
Energy 
\w-Hill, 
d Man- 
yforma- 
on fused 
of 
-rence 
new 


~DEMONSTRATION ABSTRACTS 


; Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) aby Hubert N. 


4-19 


O 


4-21s Simple indicators. 


4-22s Universal indicators. 


4s. WATER, ACIDS, BASES, 


SALTS (continued from April) 


Hydrochloric acid (Continved) 
4-18s Constant-boiling mixture. 


(a).Hang HCl-aq. in a thin 
collodion bag in the air; after some weeks test the concen- 
tration of HCl-aq. by titration: the conventional con- 
stant-boiling mixture is obtained. (Tauper, H., and 
Kuerner, I. 8., 9, 1970 (1932).) (6) The B.P. of this 
mixture is 108.584 + 0.004°C. at 760 mm.; it is wrongly 
reported in most textbooks. (Cappury, W. E., Jr., 12, 
292 (1935).) 

Reactions of HCl. Avoid the escape of HCl into the 
lecture-room by a tandem of bottles, namely: drip 10 ml. 
conc. H.SO, into 25 g. NaCl + 5 ml. H,O, thence to the 
top of a stoppered bottle nearly full of water; the exit 
tube of this bottle extends from the bottom of this bottle 
into the bottom of a second bottle. As acid falls upon the 
salt, the generated HCi forces air into the first bottle, 
which in turn forces water into the 2nd bottle; finally the 
HCI reaches the 1st bottle, the water dissolves, and a vac- 
uum is created so that water is sucked back from the 2nd 
into the Ist bottle. The HCl-aq. in the first bottle can be 
tested with Pb*+*, Ag*, ete. (Strong, C. H., 6, 945 (1929). 


Acid-base indicators 
4-20s Naturally-occurring indicators. 


(a) An infusion of carrot 
stems turns intensely yellow with soapy water (alkaline), 
colorless with acid suds (acetic acid + organic detergent), 
then back to yellow with NaHCO; + 20% NaOH-aq. 
(b) Red cabbage juice also turns color. (Davipson, D. L., 
23, 154 (1946).) 

(a) Some common pH indicators, see 
article. (FrencuH, S. J., 13, 534 (1936).) Fora discussion 
of the change in structure of phenolphthalein and of 
methyl! orange in relation to color see Peters, C. A., and 
Repmov, B. C., 17, 525 (1940); but see comment on this 
paper by Brooker, L. G. S., 18, 245 (1941). 

(b) Phenolphthalein turning pink from acid. Dissolve 

NaOH in an equal weight of water, add phenolphthalein 
in alcohol, and let stand until the pink solution becomes 
colorless (it will at this concentration of NaOH). Dilute to 
ten times its volume with water: the solution is still color- 
less. Now to small portions add dil. HCl, HNO;, H.SO,, 
HCOOH, or H;PO,: the solution turns pink. Excess acid 
turns it colorless, as usual. The acid apparently catalyzes 
the formation of the color. (McCuutocn, L., 23, 473 
(1946).) 
(a) 0.1 g. methyl orange + 0.04 g. 
methyl red + 0.4 g. bromthymol blue + 0.5. phenol- 
phathalein + 0.32 g. naphthol phthalein + 1.6 g. cresol 
phthalein + 100 ml. ether: Turns orange-red to reddish 
violet at pH 3-11.5 Eprrortat, 7, 24 (1930), from 
Pharm. Weekblad 65, 1246 (1928). 

(b) Van Urk indicator. Dissolve 0.7 g. Tropeolin 00 + 1 g. 
methyl orange + 0.8 g. methyl red + 4 g. brom thymol 
blue + 5 g. naphthol phthalein + 4 g. cresolphthalein + 
5 g. phenophthalein + 1.5 g. alizarin yellow R + 2 liters 
70% ethanol. (Foster, L. 8. and Gruntrest, I. J., 14 
274 (1937).) 

(ce) Yamada Indicator. Dissolve 5 mg. thymol blue + 
12.5 mg. methyl red + 50 mg. bromothymol blue + 100 
mg. phenolphthalein + 100 ml. 95% ethanol; neutralize 
with 0.05M NaOH-aq., and make up to 200 ml. with 
water. Color changes: pH 4, red: 5, orange; 6, yellow; 
7, green; 8, blue; 9, indigo; and 10, purple. (Foster, 
L. 8. and Gruntrsst, I. J., 14, 274 (1937); also 16, 545 
(1939), an abstract of Sch. Sci. Rev., 20, 11 (1938).) ° 


4-23s Mixed indicators. 


4-24s Double-range indicators. A student experiment. 


4-25s Indicators in non-aqueous solvents. 


(d) Richardson’s indicator. Indicator good in the high pH 
range. Mix 1.25 g. sym.-trinitrobenzene in 20 ml. dioxane 
+ 0.040 g. phenolphthalein in 20 ml. methanol + 0.300 g. 
ortho cresol phthalein in 30 ml. methanol + 0.125 g. 
meta-methyl red in 50 ml. methanol + 0.125 g. metanil 
yellow in 30 ml. methanol + 0.010 g. methy! orange in 20 
ml. methanol + 1.00 g. alizarin yellow GG in a solution 
containing 100 ml. methanol + 20 ml. dioxane + 0.255 
g. brom thymol blue in 4 ml. of 0.1N NaOH dissolvéd in a 
minimum of methanol + 0.2 g. thymol blue in 4 ml. of 
0.1N NaOH in a minimum of methanol; dilute to 1 liter 
with methanol and filter. Color changes a.e for pH 1, 
pink; 2, pale orange-pink; 3, orange; 4, yellow-orange; 
5, orange-yellow; 6, pale yellow; 7, green-yellow; 8, 
green; 9, blue-green; 10, purple; 11, red-purple; 12, 
purple-orange; 13, brown-orange fading slowly. The 
pH can be read to within 0.5 units. (RicHarpson, 8. R., 
33, 517 (1956).) 

(e) Goeckel’s indicator. Mix 400 ml. ethanol + 100 mg. 
phenolphthalein + 200 mg. methyl red + 300 mg. methyl 
yellow (dimethyl amino benzene) + 400 mg. brom thymol 
blue + 500 mg. thymol blue + 0.1 N NaOH until the 
red color disappears and the solution is yellow (pH 6) + 
sufficient ethanol to make 500 ml. Color changes are pH 
2, red; 4, orange; 6, yellow; 8, green; and 10, blue. 
(GorckEL, H. J., 25, 258 (1948).) 

(f) Sée Davipson, D., 19, 532 (1942) and 19, 221 (1942). 


(a) One g. bromcresol green + 0.2 g. 
methyl orange + 50 ml. 0.1N NaOH + water to 1 liter: 
changes sharply from blue to yellow at pH 4.3. 

(b) Two parts neutral red + 3 parts methylene blue: 
changes sharply from blue-violet to green, with grey at pH 
7; is suitable for a NH,OH + HOAc titration. 

(c) Methylene blue + methyl red: changes sharply 
from red-purple to green in titrations using ammonia. 
(McGutrg, W. S., 18, 271 (1941).) 

Indi- 
cators: (a) thymol blue, red-yellow 1.2-2.8 and yellow 
blue 8.0-9.6.  (b) Cresol red, red-yellow 0.1-1.8 and yel- 
low-purple, 7.0-8.8. (c) Meta cresol purple, red-yellow 
1.2-2.8 and yellow-purple 7.4-9.0. Using three sets of 18 
test-tubes each’ test buffers at different pH’s, noting the 
color ranges of each indicator, and from this determining 
the indicator constant, pKiy. Not a demonstration. 
(HauuaM, H. E., 29, 445 (1952).) 

(a) See article for 
carrying out titrations in glacial acetic acid as wel! as in 
water, using indicators. (FLowers, L. C., 13, 219 (1936).) 

(b) (1) In either water or in glacial acetic acid, 1% 
fuchsin indicator turns purple in oxalic acid, pink in 
NaOAc, and pink when excess solid NaOAc is added to 
oxalic acid. (2) Methy] orange in either water or methanol 
is red with oxalic acid, yellow in NaOAc, and red with 
NaOAc to which excess oxalic acid has been added. (3) 
Phenolphthalein in either water or methanol gives colorless 
with oxalic acid, red with solid NaOH, and red with ex- 
cess solid NaOH added to oxalic acid. (Castxa, J. F., 17, 
487 (1940).) 

(c) The acids HCl, H:SO,, HOAc, or HNO; turn water 
+ a few drops of methy! violet indicator, yellow; this is 
turned back to violet by the addition of the bases NHs, 
C;H;N, ethanol, or 1,4 dioxane. (2) The acid HCI gas in 
C.H;Cl, fuming SnCh, or BC), dissolved in C.H;Cl turn 
methyl! violet in chlorobenzene yellow; this is turned to 
violet by ethers, acid anhydrides, or alcohols, which act 
as bases. (3) The acids BCl;, HCl gas in CCl,, or AIC}, 
turn 10 ml. anhydrous CCl, to which a few drops of methy! 
violet in chlorobenzene is added yellow; this is turned back 
to violet by pyridine, amines, or esters. This article is a 
plea for the Lewis theory of acids as acceptors of lone elec- 
tron pairs from bases to form a coordinate bond. (LupEr, 
W. F., McGutrge, W. and Zurrant1, S., 20, 344 (1943).) 
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» PpH's of some solutions 


' 4-26s pH’s of different acids. Add 2 drops of indicator to 3 ml. 

. of acid for the following. (1) Methyl orange + 1N HCl: 

" gives orange, pH 0, 100% dissociated. (2) Methyl violet 
+ 1N HOAe: gives violet, pH 3, about 0.1% dissociated. 
(3) Universal BDH indicator + cold saturated CoCl-aq.: 
gives orange, pH 5, about 0.001% dissociated. (BARN- 
sToRF 9, 565 (1932), from Z. physik. chem. Unterricht, 
44, 255 (1931).) 

4-27s pH’s of different HCl concentrations. (a) Add 3 drops of 

indicator to 10 ml. of solution. Methyl violet + 1N 
HOAc or + 1, 0.1, 0.01, or 0.001N HCl: gives violet, 
orange-yellow, green, blue, or violet corresponding to pH’s 
of 3, 1, 2, or 3, respectively. (6) Or dilute 1N HCI succes- 
sively, then add 0.5 ml. of 0.1% methyl violet to show 

hange in pH. (Barnstorr, loc. cit.) 

4-28s pH from hydrolysis of salts. (a) Add 3 drops of BDH uni- 

versal indicator to 5 ml. of 0.2N salt-sq. NH,Cl gives 
orange red, pH 5, acid. NaCl gives yellowish green, pH 
7, neutral. NazHPO, gives bluish-green, pH 9, alkaline. 
KNO, gives blue, pH 9.5, alkaline. NazC J; gives violet, 
pH 10, alkaline. NaS gives reddish violet, pH 10.5, 
alkaline. (BARNSTORF, loc. cit.) 

(b) Quantitative: hydrolysis. Add 3 drops BDH univer- 
sal indicator to 10 ml. 2N NH,Cl at room temperature: 
gives orange red, pH 5. Same acidity as 10-5N HCl, as 

- shown by diluting 1N HCl to the same color and titrating 
50 ml. of this with 0.001N NaOH to yellowish green: 
shows 3 X 10~* mols HCI per liter, corresponding to 2N 
NH,Cl being 3 X 10-* X 100/2 = 0.0015% dissociated. 
(BarnstorF, loc. cit.) 

4-29s Temperature and hydrolysis. Heat 2N NH,Cl (solution 
4-28s) to boiling: gives dark orange, pH 4. The HCl of 
same pH is 8.1 X 10~‘ molar, hence it is 4.05 x 1073; 
this is 2.7 times larger than at room temperature (previous 
paragraph). (BARNstTorRF, loc. cit.) 

4-30s pH as indicated by different indicators. To 5 ml. portions 
of 0.0001N HCl add 3 drops of methyl violet, methyl 
orange, or litmus indicator solution: gives violet, orange, 
or red, corresponding to the alkaline, neutral, or acid side 
of the indicator-change. 


Other pH measurements 


4-31s pH meters. Use a Beckman Model H-2 line-operated pH 
meter to show the following. (a) Titrate 25 ml. of 0.1M 
H;PO, with 0.2N carbonate-free NaOH, plotting every 4 
ml. up to pH 11, with 0.5 ml. readings near the end-point. 
(b) Standardize a base by titrating with standard H.SO, 
in the presence of an indicator. (c) Analyze mixtures of 
H;PO, + NaH2PO, and of NaH,PO, + NazHPO,. (Pec- 
SOK, 28, 252 (1951).) 

4-32s Buffer action. (a) Add 1 ml. of 0.01N HCl to 1 liter of 
H20: pH 7 changes to pH 5. (6) Add 1 ml. of 0.01N 
HCI to 1 liter beef infusion-aq.: no appreciable pH changes 
occur due to buffering action. (ALYEA: beefering ac- 
tion?). (c) Add a drop of methyl orange to (1) 200 mi. 
H.0 (2) 200 ml. H,O + 5 drops HOAc, (3) 200 ml. H,O + 
5 drops HOAc + a few crystals NaOAc: gives yellow, 
pink, yellow. Solution (3) is buffered so that even strong 
acid will not turn it pink. (AsHLEy, R. H., 5, 1647 (1928).) 

4-33s Salt effect. Add a few drops of methyl orange to (a) 
water (b) dil. HCl, (c) dil. HOAc, (d) very dilute HOAc 
(e) half of solution (d) + solid NaCl; turns orange-yellow, 
red, slightly red, red, and pale red. The very dilute 
HOAc is red as with HCI; the NaCl salt effect prevents ref- 
ormation of molecular HOAc. (Castxa, J. F., 17, 487 


(1940).) 
C. HYDROXIDES 
D. SALTS 


4-34s From ores. (a) Magnesite + dil. H.SO,, filtered and 
evaporated gives crystals of Epsom salts. (b) Malachite 
gives copper salts. (c) Stibmite + conc. HCl gives SbCl. 
(d) Marble dust + HCl gives CaCle. (e) Litharge or cerru- 
site gives lead nitrate. (Stone, C. H., 7, 1656 (1930).) 

4-35s Recovery products from reactions. (a) ZnSO, from Zn + 

HCl; use to make anhydrous and crystalline ZnSO,. 


(b) KCl and MnO, in the preparation of O2; use the MnO 
to decompose H,O.. (c) FeSO,, or copperas, from FeS 
+ H.SO,; mix with tannin to make ink. (d) CaCl, from 
marble + HCl; show deliquescence of CaCh. (e) CaO, 
lime, from the preparation of C;H:; test lime + H.O 
with phenolphthalein. (f) Cu(NO;)2 from preparing N- 
oxides; form black CuO upon igniting, then form red Cu 
on reduction with H2. (Stone, C. H., 3, 571 (1926), 
also 1, 233 (1924).) 

4-36s Simple salt preparations. (a) By double decomposition. 
Form in aqueous solution, in which only one product is 
insoluble: AgCl from AgNO; + NaCl; CuCO; from 
Na,CO; + CuSO,; HgCl from HgNO; + KCl; HglI from 
HgNO; + KI; AgeCrO, from AgNO; + NaeCrO,; PbI. 
from KI + Pb(NOs)e; and Co;(PO;)2 from CoClh + 
Na3PQ,. 

(b) By dry reactions. Heat Cu, Pb, and Cd carbonates 
to give CO, + black CuO, tan PbO, and brown CdO; heat 
nitrates of M*?* to give NO, + oxides; heat oxalates and 
tartrates of lead or iron to give pyrophoric metals (Dem. 
2-18). 

(c) By heating salt hydrates. Heat CuCj2, 2H.O to give 
light-colored anhydride or strongly to give black oxide; 
heat rose-colored CoCl:, 6H,O to give blue anhydrous salt. 

(d) By hydrolysis. Add to BiCl-aq. or SbCl;-aq., 
giving BiOCI or SbOCI. 

(e) By sudden decomposition. See Dem. 1-10, heating 
ammonium dichromate and 2-5, heating KCIO; + MnO. 
(Stone, C. H., 21, 550 (1944). 

4-37s Complex salts. Student preparations. (a) From labora- 
tory manuals: sodium hexanitro-cobaltate (III), hexam- 
mine nickel (II) bromide. (6) Colloidal sols, with dialysis. 
(c) Inorganic Synthesis: potassium tir-oxalato salts of 
aluminate, ferrate (III), cobaltate (III) and chromate 
(III). (Houzrciaw, H. F. Jr., 29, 95 (1955). 


Acid-base titrations. 


(See also Topic 24s, Instrumentation) 

4-38s Effect of CO.. (a) Add 2 drops phenolphthalein + 100 
ml. distilled water + 2 drops 0.1M NaOH: a definite red 
color forms. Swirl vigorously 1 minute: the color fades, 
due to absorption of CO, from the air. (b) Titrate 0.1N 
Na,CO; three ways: (1) Directly to pH 4 using methy! 
orange, brom phenol blue, or methyl yellow as indicators. 
(2) Add excess 0.1N HCl, boil to remove COs, back- 
titrate with 0.1N NaOH using phenolphthalein, methy! 
red, or methyl red + methylene blue indicator to pH 5-8.5. 
(3) Use methy] red or methylene blue + methyl red as in-- 
dicators; titrate to first acid color; boil to remove CO.; 
titrate again to the acid color, pH 5. See article for dis- 
cussion involved in these three titrations, and CO» error. 
(McAtpring, R. K., 21, 589 (1944).) 


E. HYDROGEN PEROXIDE 


4-39s Reactions. See article for 26 demonstrations involving 
H2O2. Most novel follow. (a) Let a small hydrogen fiame 
impinge on an ice cube until it has melted: test for H.O., 
using the perchromate test. (b) Write a message on white 
paper with Pb(OAc), and expose it to H2S fumes: black 
PbS forms. Wipe with a sponge moistened with H,0.: 
the writing disappears, forming white PbSO;; this is « 
technique used in restoring darkened oil paintings. (c) 
Apply H.0, to fresh blood stains on cotton cloth: fizzes. 
(d) Make a “plant” with flowers dyed with aniline red and 
the leaves dyed with Congo red made blue with dilute 
acid. Spray the plant with alkaline H,O.: the flowers 
turn white and the leaves red. (Strong, C. H., 21, 300) 
(1944).) 


F. TRICKS WITH ACIDS AND BASES 


4-40s Pitcher of water + few drops NH,OH. Tumbler No. |! 
containing a drop of phenolphthalein indicator. Tumble: 
No. 2 containing 10 ml. HeSO,-aq. (a) Pour water fron: 
pitcher into tumbler 1: turns red. (6) Pour water from 
pitcher into tumbler 2: remains colorless. (c) Pour 
tumbler 2 into pitcher: nothing happens. (d) Pour 
tumbler 1 into pitcher: red color disappears. (BERGEN, 
R. C., 6, 963 (1929).) 
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Recent Sooke 


chide material never before published, and 
wi!l constitute a critical reappraisal of the 
data and techniques of nuclear energy. 
The two volumes reviewed herewith are 
in the series on Reactors and on Technology 
an Engineering, respectively. 

The volume on reactors first covers re- 
search reactors, according to their national 
origin’ or geographical location. Then 
speialized reactors are discussed: the 
Pressurized Water Reactor at Shipping- 
port, Pennsylvania; the prototype Boiling 
Waiter Power Reactor, at Argonne Na- 
tional Laboratory; aqueous homogeneous 
power reactors, at Oak Ridge National 
Laboratory; graphite-moderated, gas- 
cooled power reactors (United Kingdom); 
and a review of U. 8S. developments on fast 
power reactors, by W. H. Zinn. The vol- 
ume is closed by a 40-page Catalogue of 
Nuclear Reactors, according to national 
origin. 

The reactors which students are most 
apt to encounter are variations of the 
MTR reactor—especially the so-called 
swimming pool type—or the water-boiler 
reactor. These are becoming common on 
the campuses of universities. All these 
research reactors use a highly enriched 
uranium fuel (>90% U-235). Under 
President Eisenhower’s plan to supply en- 
riched fuel to friendly nations to build re- 
search reactors, the enrichment is limited 
to 20%. The metallurgical problems im- 
posed by the necessity of using a more con- 
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centrated uranium-aluminum alloy have 
been obviated by a technique based upon 
use of uranium dioxide in the ‘“‘meat’’ of 
the fuel-plate sandwich. Surprisingly 
enough, preliminary results reported in 
this volume show that the amount of 
uranium-235 does not have to be increased 
very much, when the 20% enriched alloy 
is substituted for the 90% enriched alloy, 
to make the reactor go critical. The var- 
iations in design and experimental facili- 
ties of most of the research reactors in the 
U. S. are well reviewed by J. R. Huffman 
and A. M. Weinberg in Chapter 2. 

The treatment of these topics is descrip- 
tive and essentially nonmathematical, 
which makes it possible to recommend the 
book to nonspecialists who wish an over-all 
picture of the current status of reactor de- 
velopment. Nowhere else is there avail- 
able so competent a survey of the diverse 
types of reactors. As stated by L. R. 
Hafstad in the preface, “This volume 
will be a classic in its field and will be 
looked pon as the first truly international 
text on the subject.” 

The Series IV volume on technology 
and engineering covers the topics of reac- 
tor coolants, moderators, heat transfer, 
reactor chemistry and corrosion of reactor 
materials. There is much of interest to 
chemists among these topics: heavy-wa- 
ter production; production of graphite for 
reactors; production of pure beryllium 
oxide and its fabrication for use in nuclear 
reactors; sodium and sodium-potassium 
alloy for reactor cooling; decomposition 
by nuclear radiations of water in a reactor 
and recombination of gaseous products; 


corrosion of aluminum and of zirconium 
and their alloys under various conditions 
expected to arise in power reactors; cor- 
rosion by liquid metals; and, metallurgi- 
cal studies on liquid bismuth and bis- 
muth alloys for reactor fuels or coolants. 

The chemical problems are concerned 
with elements that were among the less 
familiar ones prior to 1939. The engineer- 
ing problems likewise were not envisioned 
by the pre-war engineer. Chapter 5 on 
engineering, for example, deals with the 
pumping of liquid metals; heat transfer 
by compressed gases, molten metals and 
organic materials; improvement of heat 
transfer between uranium and aluminum 
in contact; mechanical pumps for pump- 
ing water, solutions, slurries, molten so- 
dium, molten bismuth, terphenyl, and 
fused salts; and undertaking these engi- 
neering procedures under completely leak- 
proof requirements and under conditions 
of high temperature, high pressure, high 
radiation levels. 

It is obvious that while much has been 
learned about nuclear reactors and the 
conversion of nuclear energy into useful 
power, the science is still in its infancy. 
These volumes on the ‘Progress of Nu- 
clear Energy”’ serve a very useful purpose 
to call attention to the present state of 
the art, but in addition, they serve to re- 
veal the problems that remain to be 
solved. These books will awaken the 
imagination of the student with the chal- 
lenge of new frontiers to cross. 


LAURENCE 8. FOSTER 
ORDNANCE MATERIALS Researcn Orrice 
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mo dulime LABORATORY FURNITURE 


Flexibility ... permanence... 

* economy. These are prime reasons 
Aloe MODULINE unitized steel 
furniture finds so much favor with 
architects and bui'ders of 
laboratories. Aloe MODULINE is 
flexible in function and arrangement, 
permanent in its all-welded 
construction, economical in initial 
cost and upkeep. 


For educational, research, industrial 
laboratories . . . wherever the best 
laboratory furniture is called for. . . 
more and more builders specify 
Aloe MODULINE. Write for free 
MODULINE brochure. Dept. 127. 


eaeloe scientific 
DIVISION OF A. S. ALOE COMPANY 

5655 Kingsbury, St. Louis 12, Mo. 

14 divisions coast-to-coast 
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particularly at 
low light levelo! 


FARRAND. 


ELECTRON MULTIPLIER 


PHOTOMETER 


COLORIMETRY 


® Sensitivity — selective over a wide range © Photomultiplier tubes — interchangeable MICROSCOPY 
FLUOROMETRY 


@ Linear and stable response e Compact and simple to operate 
FLAME 
® Detectable flux—as low as 4x10-10 lumens Bulletin No. 804 Sent Upon Request 
PHOTOMETRY 


ETC. 


Acanaphthylene, Acetobromoslucote learboxvlic Acid) WATER STILLS 
A hloride = i With a Barnstead Water Still vou 


cridine Hydrochloride j 
get a constant, automatic supply 
Anon Carbo- of chemically pure, sterile water 
Carnosine cryst.; Ce of consistent “quality. Other Stills 
lido | i with capacities of up to 1000 g.p.h. 

Write for Catalog G. 


hydroase cid; 
ac osp vorop 
womide; Fructose-6-Phosp Gitoxin, Glucoascorbie Ac id; Gluco- 
sides; Glucuronides; Phosphate; distilled water or other liquids 
Hyeleronic Acid, droxyecridine, tents from air-borne contamination. 
-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
obenzole Acid, tsosscorbie Acid; Isocitrie Acid; trocytosine, Filters out particles as small as 0.2 
Kynurenic Acid; Lectobionic Acid; Loucvistysiony Leucyltyrosine; micron including bacteria, dust, and 
Lisnocerte ask Lithium Amide; Margatic Acid; Menthol Glucuron- mist. Absorbe acid and alkali gases. 


3-M Write for Bulletin #140. 


TIN-LINED PIPING 
Complete line of tin-lined piping, tin- 
lined valves and tin-lined fittings 
Sodiom Fi designed especially for 


Phosphate, 


tion systems. Write for 
Bulletin #139. 


STOCKED BY YOUR LABORATORY SUPPLY DEALER 


Ask us for others! 
DELTA CHEMICAL WORKS, nc. Stead 


STILL & DEMINERALIZER CO. 
a 23 West 60th St. New York 23,N.Y. 


TEAD AMO STEMI TER 
Telephone Plaza 7-6317 65 Lanesville Terrace, Boston 31, Mass. 
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up to 


25% LESS 


| Send for new catalog of finest 
| 
| 


@ most useful reference.”"=| 


25-Year CUMULATIVE INDEX 
Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


imported lab glassware 


Complete selections of superior 
glassware, rcelainware and 
equipment. First time available 
in quantity, from America’s lead- 
ing importer. Low cost West 
German manufacture gives prices 
10%-25% below U.S. average. 
EXAMPLE: New "improved 
Shellbach cylinders’ blue & white 
striping forms magnified pointer 
for extreme accuracy. Compare 


prices below! 


| 100 | 250 | s00 | 1000 
| 8639 Venice Bivd. 
24 18 2 12 Los Angeles 34, 
Calif. 


det Price Ea | 162 1.75 2.81 386) 5.39 


“The volume is indexed both by author and b 
Case Price |26.35 | 26.25 ‘28.35 | 22.03 | 30.35 | | 27.79 | 17.47 Free Catalog 


article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 


Kern Laboratory Supply Co., Dept., B-3 
8639 Venice Bivd., Los Angeles 34, Calif. 


Gentiemen: 


Science Education, April 1954 


$3.° ($3.50 foreign) 


Please send free catalog and literature on imported 
laboratory glassware, porcelainware and equipment. 


Name__ Position 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


Company 
Address__ 


CASSEROLES 


PRECISELY MADE - HIGHLY RESISTANT 
TO CHEMICAL ATTACK AND THERMAL SHOCK 


Water Demineralizers 


Model BD-1 (left) produces deminer- ’ 
alized ved in from 5 Designed for many diversi- 
to 8 gallons per hour odel BD-2 
(right) operates under pressure . . . fied wee in the laboratory. 
— — 5 — — per hour. Especially convenient for 
th employ replaceable resin car- 
| tridge. No regeneration necessary . . . transfer of heated mater- 
‘ connects to any tap. ials, digestions and decan- 


tati 
WATER BATH 


Completely portable . . . bottle feed or 
ee tian... pe shelf for or wood handles and with or without 
flasks . . . polished Monel exterior . —_— 

seven openings with Monei concentric 
covers . . . includes test tube holder for 
center hole . . . built-in switches and 
pilot light. One filling operates bath 
for more than 10 hours at low heat. 


PURITY METER 


Checks purity of distilled water 
as well as demineralized water 
in just 30 seconds. Provides that 
extra measure of protection at 
low cost. 


STOCKED BY YOUR LABORATORY >UPP 


ariistead 


STILL & DEMINERALIZER CO. 


65 Lanesville Terrace, Boston 31, Mass. 
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GOLDEN, COLORADO 


APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


Gh ALL PURPOSE 
LABORATORY 


FEATURING: 


3600 settings 
Split-Second Accuracy 
Automatic Switching 
Built-in-Buzzer 


WRITE FOR COMPLETE CATALOG! 


TIMER 


Giant 8” dial 

Portable Mount Models 
Panel Mount Models 
Precision Construction 


DIMCO-GRAY COMPANY 


208 E. Sixth Sr 


Dayton, Ohio 


Subsidiary of ARAPAHOE CHEMICALS, INC 


Never in 10 years any breok in 
Availability of . . 


GRIGNARD REAGENTS 
and 
GRIGNARD REACTIONS 
from ARAPAHOE 


Commercial availability of Grig- 
nard reagents in the U.S.A. began 
in Jan. 1947 when ARAPAHOE 
made America’s first batch for 
sale. We now make seven Grig- 
nards . . . for the hormone, vita- 
min, drug, insecticide and other 
industries . some selling for less 
than $1/Ib. of solution. 


If you're not equipped to use 
these highly reactive, stable inter- 
mediates, why not have us per- 
form the Grignard REACTION 
for you on a custom basis? 


Write to Dept. ‘‘K”’ (your letter- 
head please) for our free booklets, 

“Grignard Reagents” and “‘Tough 
Enough to Grow.” 


ARAPAHOE SPECIAL PRODUCTS, INC. 
1970 — 28th Street - BOULDER, COLORADO 


Producers of Special Organic Compounds 


RARE and FINE ORGANICS 


4-BROMOPYRIDINE 

CITRACONYL DICHLORIDE 
alpha-CONIDENDROL 
DIISOPROPYL KETONE 

ETHYL ACETOPYRUVATE 


AMYGDALIN 


FLAVONE IODOPHOSPHINE 
N-NITROSOMETHYL UREA PHLORETIN 
POTASSIUM PYRUVATE 
PROTOCATECHUALDEHYDE 
QUERCETIN SODIUM GLYOXYLATE | 

di-TROPIC ACID 


Write for free catalog 


ALPHA BROM ACIDS, ESTERS 


We manufacture and stock a wider 
variety of alpha brom acids and esters 
than any other lab supply house. Write 
for 1957 catalog. 


SAPOWN LasoraATORIEs 
101 E. Hawthorne Ave., Valley Stream, N. Y. 


ABCO 


p-Difluorobenzene 
a-Fluoroanisole henylfiuorone 
m-Fluoro toluene Trifluoroaceticacii 
o-Fluoro toluene Propyl Thiouracil 


ABCO CHEMICAL COMPANY 
68 Fleet St. Jersey City 6, N. J. 


POLARIMETER TUBES 


and ACCESSORIES for 
GENERAL, SEMI-MICRO, MICRO 
POLARIMETRY-INVERSION TESTS-HIGH 
TEMPERATURE-CONTINUOUS FLOW 


Write for new list PT-14 
0.C. RUDOLPH&SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


UNKNOWNS 


Qualitative Analysis Classes 
Micro-Beakers 


(plastic covers available) 
Sample Storage Sets 
Numbered Self-Adhesive Labels 
Write for details 
R. P. CARGILLE LABORATORIES, INC. 


CONSOLIDATED 
Water Stilis and Sterilizers 
NP and STANDARD Water Stills 


CONSOLIDATED MACHINE 
CORPORATION 


39 Sudbury St. Boston 14, Mass. 


MAGNETIC $9950 
STIRRER 


Metal ase Alico Magnet * On/Off Swick 
Speed Control in Case * Stirring Bar Extra 


COMPANY 
Box 757 Newark 1, N. J. 


117 Liberty Street New York 6, N.Y. 
CHEMICALS 
METALS 


RA R MINERALS 


RARE ae METALS, H. P. 
ind for New Lists 
A. D MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


BRYDEN ROD CLAMPS 


Clamps: 
are lighter, 
more compact, 


pon rapid set-up, 
tighter 
will not rust or slip, 
no snagging ends. 
Brydens are available as: 
Rod to Rod Clamps 
Rod to Sheet Clamps 
Tube to Pipe Supports 
Extension Rod Clamps 
Round Rod to Square Clamps 


Write for FREE literature today 
CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 


NOW OVER 5/00 
CHEMICALS 


@ Isolignoceric Acid 

®@ Isomyristic Acid 

@ Isonicotinic Acid Hydrazide 

® Isopalmitic Acid 

Isoprene Sulfone 
@ Isopropylhydrazine Sulfate | 
@ Isoquercitrin 

Isoriboflavin 

Isostearic Acid 

@ Juglone 

@ Kaempferol 

Keratin 

Ketene Dimer 
® a-Keto-5-aminovaleric acid |} 
Khellin 

Lactase 

Lactide 

Lanthanum Chloride 

e Lanthanum Oxide 

e@ Lauroylcholine Chloride 

@ Lead Arsenate 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New York 2 
Plaza 7-8171 
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book i4 an excellent one, salis- 


history of 


says LINUS PAULING 
California Institute of Technology 
Pasadena, California 


Discovery. 


OF 
THE 


ELEMENTS 


Mary Elvira Weeks, with a chap- 
ter on ‘Elements Discovered by 
Atomic Bombardment” by 
Henry M. Leicester. 


‘“T am sure that every chemist would find it inter- 
esting to read at least parts of the sixth edition, re- 
vised and enlarged, of the book, Discovery of the 
Elements. The book has been brought up to date; 
it contains a discussion of 101 elements, including 
mendelevium. The section on elements known to 
the ancient world has been greatly enlarged, and a 
more detailed discussion is given of elements dis- 
covered during the seventeenth and eighteenth 
centuries than in earlier editions. 


“T have thought of this book as being of especial 
value to the young student of chemistry, in provid- 
ing for him an account of those aspects of the his- 
tory of the chemistry that he can easily appreciate 
and understand, and that are likely to develop his 
interest in science. With over 900 pages, it is 
nearly twice as large as the fourth edition (1939), 
and the various chapters, which may be looked 
upon as nearly independent essays, are in general 
about twice as long as in the earlier editions. 


“The book is an excellent one, satisfying*the 
real need for an account of the history of the dis- 
covery of the elements and of related aspects of 
the history of chemistry.” 


Sixth Edition, enlarged and revised. 
1956. xi + 910 pp. 16.5 X 24cm. $10.00 


CHEMICAL EDUCATION PUBLISHING CO. 


20th and Northampton Streets, Easton, Pa. 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 


amounts of these substances. 
a 
KLETT SCIENTIFIC PRODUCT. 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK N. Y. 
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EVI=DUTY 
Tube Furnaces 
Designed for Precision Testing 


7h Hevi Duty Combustion Tube Furnace is a complete 
unit ready for use. All the temperature control and indicating 
devices are located in the furnace base. A tap-changing transformer 
equipped with two selector switches offers you 48 steps of tem- 
perature controi. This design allows close temperature regulation 
and means savings in power and maintenance. An_ indicating 
pyrometer and ammeter are mounted for easy observation. 
Easily replaceable Silicon Carbide heating elements above and be- 
low the ceramic tube provide a uniform heat throughout the 12” 
chamber. Tubes of 1” to 2” O.D. may be used by substituting 
end plugs. 


Send for details in 
TEMPERATURE Bulletin 254. 


ZONE TEMPERATURE CONTROL 
Extra versatility is offered by Tube 
Furnaces with two or more zones of 
control. These furnaces are built in 
the sizes to fit your needs. 


LABORATORY FURNACES MULTIPLE UNIT ELECTRIC ExcLUSivELY 
MILWAUKEE 1, WISCONSIN 
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New 


STANDARD MODEL NO. 3 


WILEY 


LABORATORY 


MILL 


With harder knife edges 
for eutting Teflon, fasion, etc. 


New portable stand 


WILEY LABORATORY MILL, Standard Model No. 3. 
Principal advantages of new Model No. 3 are: harder 
cutting edges on the knives, making it suitable for a 
broader range of materials, including Teflon, polyeth- 
ylene resins, titanium scrap, etc.; quieter performance 
with less vibration; and improved appearance, i.e. 
baked gray enamel with parts subject to abrasion 
chromium plated. 

As in the earlier model, four hardened steel knives 
on a revolving shaft work with a shearing action 
against six knives bolted into the frame. The shearing 
action of the cutting edges, between which there is 
always a clearance, tends to avoid changes in the 
sample such as temperature rise, loss of moisture, 
liquefaction, contamination, etc., making this mill 
satisfactory for many materials which can not be 
reduced by other mechanical means. A sieve is dove- 
tailed into the frame so that none of the material 
comes from the grinding chamber until it can pass 
through the mesh. 

Furnished with interchangeable receivers, i.e. 
either a deep, cast aluminum drawer with rounded 
inner corners, or a chute for collecting the sample 
directly in a standard screw neck glass jar, or in a 


A.H.T. CO. 


PHILA USA 
LABORATORY APPARATUS 
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4275-H3 with 
4275-F6 and 4275-Z. 


bag, table drawer, etc. Either receiver slides into a 
new, spring-loaded holding device. 


4275-H3. Wiley Laboratory Mill, Standard Model 
No. 3, motor driven, mounted on enclosed base, 
with chute for collection of sample. With 4 h.p. con- 
tinuous duty motor, 1725 r.p.m.; starting switch with 
thermal overload cutout; V-belt, belt guard; three 
sieves with openings of 44 mm, 1 mm and 2 mm di- 
ameter, respectively; jars; set of four wrenches; 
gun-type grease injector and 1 lb. of lubricant. For 
use on 115 volts, 60 cycles, single phase, a.c. Power 
consumption 800 watts. Without Stand or Tray 


4275-R3. Ditto, but with drawer of cast aluminum 
alloy in place of chute and jars............. 876.50 


4275-F6. Spillage Tray Attachment, for use with above. 
Consists of bracket, which can be attached without tools, and 
Stainless steel tray 14% inches x 10% inches x 24% inches deep. 
Can be adjusted for drawer or glass jars, sizes 1 pint to 2 quarts, 


4275-Z. Portable Stand, 10 inches high, for mounting above 
Mills. Consists of rubber insulated platform 234 inches square, 
mounted on ball-bearing, swivel casters with foot-operated wheel 
brakes. Complete with rubber mounting strips and four bolts, 
washers and nuts for attachment to Mill 


Copy of Bulletin 129 sent upon request. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPINA S, PA. 
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New! 


ORGANIC SYNTHESIS In 2 Volumes 


by VARTKES MIGRDICHIAN, American Cyanamid Co. 


The most systematic, fully integrated, and up-to-date | epemeintesee of 
organic synthesis in all its aspects ever published! This truly monumental 
work is so complete and so precise in its coverage of the subject that it 
surpasses even specialized texts in each and every phase of this vast field. 
It stands alone in its full, comprehensive treatment of the important 
recent developments, and is outstandingly dependable for its handling 
of essentials. 

Great emphasis is put on the later advances, mereting reactions like 
halogenation, nitration, sulfonation, and diazotization. Chapters dealing 
with the olefins and acetylenic compounds are complete essays in them- 
selves on these timely subjects, and more inclusive than any previous 
exposition. The book also deals concisely with information on sterols, 
carotenoids, vitamins, peptides, carbohydrates, terpenes, azulenes, and 
tropolones. This is the first general reference which accords full details to 
these comparatively new fields. 

Likewise, all the standard methods are completely covered, and with 
a new approach. There is strict adherence to each subject discussed, with 
no confusing digressions into related topics; ane are presented in 
brief, adequate wording; and there is a continuity of text matter which 
purposely avoids irrelevant material. The result is a systematic arrange- 
ment which facilitates the location and use of all information included. 


CONTENTS: Volume 1—Hydrocarbons, Alcohols, 
Inorganic Esters and Carbohydrates; Ethers and Related 
Cc d: Aliphatic Carbonyl Compounds: For- 
mation; Reactions Involving Carbonyl Compounds; 
Aliphatic Carboxylic Acids; Aliphatic Esters—Ester 
Cond: tions; Aliphatic Acid Halides, Amides and 
Related Compounds; Aliphatic Nitriles, Amines and 
Related Compounds; Aliphatic Halogen Compounds; 
Grignard Reaction; Friedel-Crafts Reaction; Aliphatic 
Nitro and Nitroso Compounds; Sulfonic and Sulfinic 
Acids and Related Compounds; Organo Metallic 
Compounds; Organic Compounds of Non-Metals and 
Metalloids. 


CONTENTS: Volume fl—Olefinic Compounds; 
U d Compounds With Functional Groups, 
Acetylenic Compounds; Diene Synthesis; Allicyclic 
Hydrocarbons and Their Derivatives; Aromatic Hydro- 
carbons; Phenols and Quinones; Aromatic Carbony! 
Compounds; Aromatic Carboxylic Acids and Related 
Compounds; Aromatic Amines and Related Con. 
pounds; Aromatic Diazo Compounds, Aromatic Halo- 

ted Compounds; Aromatic Nitro and Nitroso 


CHEMISTRY OF PLANTS 
by ERSTON V. MILLER, University of Pittsburgh 


This book is a clear, concise and completely up-to-date analysis 
of the chemical constituents of plants. It supplies accurate in- 
formation quickly to those who require a knowledge of the 
fundamentals of plant chemistry. Latest developments in plant 
chemistry are authoritatively covered. Sections on plant hor- 
mones, vitamins, and the chemistry of photosynthesis are out- 
standing for their current information. There is a chapter each 
on glycosides and alkaloids more encompassing than previous 
treatments. Included also are chapters on carbohydrates, pro- 
teins and other nitrogen compounds, lipides, pigments, enzymes, 
organic acids, and minerals. A unique final chapter brings 
attention to the present frontiers of research in the chemistry 
of plants. Here is an ideal textbook and handy reference. 


June, 183 pages, $4.75 


GAS CHROMATOGRAPHY 


by A. I. M. KEULEMANS, edited by C..G. VERVER, 
Koninklijke /Shell-Laboratorium, Amsterdam 


The modern magic of gas chromatography is now for the first 
time completely spelled out in both its practical and theoretical 
aspects. Here is a concise practice manual and an authentic, 
up-to-the-minute summary of the field written by chemists who 
have for many years been among the most active investigators 
of all varieties of chromatography. The variety of applications 
described, and the additional applications to be thought of, 
make Dr. Keulemans’ book Fs a to all gas or vapor 
analysts. Here are the nature and potential uses of gas chroma- 
tography presented in a manner that is authoritative, clear, and 
fascinating. 


1957, 238 pages, $7.50 


1957, 1,866 pages, 2 volumes (not sold separately) $35.00 


Compounds; Aromatic Sulfonic Acids and Related 
Compounds. 


HANDBOOK OF SOLVENTS 


Volume 1: Pure Hydrocarbons 
by IBERT MELLAN, Pioneer Laboratories, Inc. 


To be published in several volumes, this unique reference work 
presents concise information on the composition and properties 
of industrial solvents. This initial volume is devoted to pure 
hydrocarbons of all types—aliphatics, aromatics, and_ terpenes. 
Commercial and proprietary names are used in lieu of chemical 
nomenclature; the hydrocarbon solvents are classified in accord- 
ance with their distillation range; and a wide spectrum of prop- 
erties is given in tabular form for each solvent. 

This handbook is an attempt to select from the colossal 
amount of available literature those materials of greatest prac- 
tical value, and to present them in an organized, compact, 
readily accessible manner. It will be an indispensable time- 
saver for every group involved with the manufacture or use of 


pure hydrocarbon solvents. 
1957, 256 pages, $6,50 


ENCYCLOPEDIA OF CHEMISTRY 


editor-in-chief: Dr. GEORGE L. CLARK, University of 
Illinois. Managing Editor: G. G. HAWLEY, Reinhold 
Book Division. 
Several years in preparation, this new reference work covers 
a broad spectrum of chemically important subjects. Over 800 
articles, ranging from 300 to about 4,000 words, describe basic 
chemical groups, concepts, reaction types, chemical literature, 
research, history, famous chemists, chemical organizations. an 
scores of such topics related to chemistry as abrasives. elec- 
trophoresis, microscopy, spectrophotometry, etc. More than 50 
contributors, each one not only a recognized authority in his 
field but also a capable writer, have produced in this book a 
surprisingly complete, authoritative coverage of chemica! sci- 
ence. No other single volume offers so much encyclope«ia it- 
formation valuable to all workers in chemistry and in the «‘ozen 
or more sciences that border chemistry. . 


1957, 1,053 pages, £19.50 


| Send today for your ON-APPROVAL copies 
REINHOLD PUBLISHING CORPORATION * Dept. M-144 * 430 Park Ave., New York 22, N.Y. 
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INTRODUCING THE SARGENT 


igned and 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 


tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel as- 
sembly, amplifier and power supply chassis, and chart and 
pen drive chassis unit. 

Automatic full balancing potentiometric system with 

standard cell standardization by panel control, conven- 
tional chopper-am zlifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury 
cells. Use of the latter obviates need for standardization 
over very long periods. 
Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 

Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 

Chart Drive: Forward drive recording, reverse drive re- 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


MULTI-RANGE—40 ranges. 
® MULTI-SPEED—9 standard chart speeds with 


provision for optional 1-5 range multiplication 


or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 
measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of %, %2, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for- automatic synchro- 
nization of external devices with recording. 

Pen Speed: 1.8 seconds full scale. Other speeds can be 
provided on special order with change of motors. 
Bridge: Special Sargent specification, ganged Helipot with 
resolution several times common commercial practice. 
Provision for coupled transmitting potentiometer for out: 
put to integrating circuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 21% inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargent. Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; input cable assembly; syn- 
chronous switch cable assembly; plastic dust cover; spare 
ring for take-up mechanism; spare pen drive cable as- 
sembly; and fuses. For operation from 115 volt, A.C. 
single phase, 60 cycle circuits..............$1725.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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NOW! 


DISPOSABLE 
PETRI DISHE 


new, convenient 


DISPENSER! 


These disposable, plastic Petri Dishes are made of clear, pyrogen-free plastic containing no 
inhibiting agents and are inert to most biological reagents. Twenty 100-mm dishes are 
packed in a handy cardboard dispenser. 


STERILE | ECONOMICAL | 


Dishes are sterilized after packaging and No time-consuming washing and autoclav- 
meet the requirements for sterility estab- ing is necessary before use—Dishes are 
lished by the U. S. Pharmacopeia. ready for use when taken from dispenser. 


opped 
rapid 


nd 12 
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proxi- 
rapid 
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DISPOSABLE | 


Dishes are designed as SINGLE-USE UNBREAKABLE | 

sterile Petri-Dishes and can be dis- 

posed of by incineration after growth i ; These plastic dishes eliminate the dan- 

has been destroyed in the usual manner. set . gers of breaking and the ensuing dan- 
ger of infections from cuts. 


r with 


achro- 
‘an be 
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actice. 
Outs 


knob 


UNIFORM | 


Dishes are clear and scratch-free. Each ORDER TODAY! f 


dish is the same size, making it easy to 


control nutrient depth. Cat. No. JC52485 PLASTIC PETRI DISHES, with cover, 100-mm diameter 
(case of 100 dishes) . . . per case $9.95 


Cat. No. JC52485A Same as above but in cases of 500 dishes . per case $44 
per cs $35.75 


reight, 


TANDARD SCIENTIFIC 


Ss. 808 BROADWAY 
NEW YORK N. CHEMICALS 
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Straight-A student. Way ahead of the class. Going 
it alone in experiments of his own. 

One thing makes you breathe easier — you’ve 
provided the safest equipment for him to work 
with. That condenser, for instance. Condenser 
coil is carefully sealed in the jacket. Both have 
uniform, heavy walls. It’s PYREXx brand . . . very 
dependable item. 

The test tubes. They’re Pyrex brand, too. They 
outlast ordinary tubes, three to one. 

Not much chance of misreading the labels on 
those Pyrex brand reagent bottles. Permanent red 
lettering on an opaque, white field really stands out. 


Why do your best students gray your hair fastest? 


Good thing you use Pyrex brand. Smart buy- 
ing, too. Made to take punishment, it breaks less. 
Costs less over the years. Less likelihood of acci- 
dents. 

We'd like you to have a copy of our new book- 
let, This is Glass. Sixty-four handsome pages ex- 
plain what glass is, how it’s made, and where it’s 
used. Write for your free copy. 


CORNING GLASS WORKS 
76-6 Crystal Street, Corning, N. Y. 


means research i Glatt 


° laboratory ware 
... the tested tool of modern research 
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THE REACTION OF SODIUM AND CHLORINE CA Chem Fa 


Submitted by: Robert N. Hammer, Michigan State University 
Checked by: Robert A. Martin, Michigan State University 


PREPARATION 


Prepare several glass deflagrating spoons by sealing 6-mm. 
Pyrex rod handles to bottoms cut from 25-mm. Pyrex test tubes. 

Prepare 1-cm. cubes of sodium metal under a hydrocarbon such 
as benzene or toluene. Line a glass deflagrating spoon with 
asbestos paper. Fill a 1- or 2-liter glass demonstration cylinder 
with chlorine and close it with a glass plate. Have a burner 
available. 


DEMONSTRATION 


Place a piece of sodium in a lined deflagrating spoon and warm 
to evaporate any remaining hydrocarbon. Heat the spoon until 
the sodium melts and displays a shiny metallic surface when the 
spoon is shaken to break the oxide film. Immediately plunge the 
spoon into a jar of chlorine. If the metal does not inflame spon- 
taneously, shake the spoon to break the oxide film. Sodium 
chloride deposits on the inside of the demonstration cylinder if it 
is kept covered as much as possible with a glass plate. Ask a 
student to taste the white solid and identify it. (Contamination 
with oxides may impart a slight bitter taste.) 


REMARKS 


When this demonstration is done with an iron deflagrating 
spoon, the product is colored yellow by FeCl;. Although sodium 
metal can be melted in air without igniting, it sometimes inflames. 
If this happens, thrust the spoon at once into the chlorine. After 
use, the cold spoon and demonstration cylinder should be rinsed 
with alcohol to remove any unreacted sodium. 


Journal of Chemical Education - June, 1957 


DISPLACEMENT OF HALOGEN GASES TESTED 


DEMONSTRATION 


Submitted by: Col. E. C. Gillette, Jr., U. 8. Military Academy 
Checked by: Gil Gordon, Michigan State University 


PREPARATION CYLINDER 


75 MM*300MM 
Provide cylinders as shown in diagram. Fill the small cylinder 


about ?/; full of Cle gas. (May be used directly from commercial 
cylinders or generated and dried in the usual fashion.) Fill the 
large cylinder with dry HI gas. Cover both cylinders with well 
greased glass plates. Arrange a light box to illuminate the 
cylinders from the bottom. 


GREENISH 
YELLOW 


GLASS 
PLATES 


PREPARATION OF HI 


_ Forty grams of I, and 5 grams of red phosphorus are placed 
ina 500-ml. Erlenmeyer flask fitted with a small separatory 
funnel and a glass delivery tube leading to two U-shaped drying 
tubes containing red phosphorus on glass chips or wool and 
CaCl, respectively. Addition of 10 drops of water from the 
separatory funnel will start the reaction. (Not more than 20 ul 
drops for the complete reaction.) Heat gently with a Bunsen 
burner as required. 


VIOLET 


DEMONSTRATION 


Place the cylinders as shown in the diagram on the light box. 
Remove the glass plates separating the cylinders, steadying the 
tylinders with the hands since heat is generated and there is a LIGHT CYLINDER 
‘emporary expansion of the gas within the cylinders. Purple I; SOURCE 75 MM-450 MM 
vapor appears immediately, accompanied by an occasional flash 
of light. Subsequently sparkling iodine crystals are formed and 
rain down through the lower cylinder. Brown liquid iodine and 
* are visible on the cylinder walls and ICl;, which is yellow, may 
seen at the top of the smaller cylinder. Journal of Chemical Education - June, 1957 


TESTED 
DEMONSTRATION 
4 
; 
| | | 
_ 
YELLOW 
BROWN 
+? 
- 
ee ee 
. 
. 
e 
h 
‘ATION 


SEPARATION OF LARGE MOLECULES 
BY ELECTROPHORESIS 


Since most large molecules and colloidal particles carry a 
charge, electrophoresis is obviously a convenient method 
of separation. However, the disadvantage is that, when 
the potential gradient is merely applied across a buffered 
solution of the material to be separated, re-mixing may 
occur owing to convection currents, and complete reso- 
lution of the fractions is not possible. 

Such difficulties have been overcome by using filter paper 
to provide a capillary mesh to hold the solution. Each end 
of a filter paper sheet soaked in buffer dips into a trough 
containing an electrode and a quantity of the buffer 
solution. When a solution of the test material is applied to 
the centre of a strip, its components will migrate towards 
one or other of the electrodes. Their direction and rate of 
travel (hence their position on the strip) will furnish a clue 
to their identity. Re-mixing cannot occur, and the 
fractions are available for both qualitative and quantitative 
examination. 


PROGRESS IN 


CHROMATOGRAPHY 


ELECTROPHORETIC ANALYSIS 
OF SERUM PROTEINS 
IN CHRONIC RHEUMATIC DISEASES 


The analysis of serum protein for purposes of diagnosis 
has been greatly advanced by paper electrophoresis. 
Kunkel and Tiselius (J. Gen. Physiol, 35: 89. 1951-2) have 
described a procedure which is ‘extremely simple and 
surprisingly accurate’, but lay great stress upon the impor- 
tance of using the right filter paper. The reason for this is 
that, though human albumin migrates towards the anode, 
there is an electrosmotic flow of buffer sqlutiens towards 
the cathode. It has been found that Whatman 3MM. paper is 
satisfactory in reducing tis flow to the desired minimum. 
The physician’s diagnosis is confirmed by an increase of 
gamma globulin and some decrease in albumin, both of 
which are revealed by simple inspection. The paper strip 
method brings electrophoretic analysis well within the 
scope of normal clinical laboratory routine, and compares 
very favourably with previous techniques on cost, time 
and accuracy. 


Now that you have read this report it may occur to you that Chroma- 
tography can help you in your research or production programme. a 


so, our long experience in this specialised field is at your full dispo 


In Canada, Merico, United States 
H. REEVE ANGEL § CO. INC. 
52 Duane St., New York 7, N. Y. 


Discuss the possibilities of chromatography with 


In Europe, Asia, and rest of the world 
H. REEVE ANGEL ¢§ CO. LTD. 
9 Bridewell Place, London E C 4 


WHATMAN FILTER PAPERS 
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just arrived! a combination gauge and control 
joins the distinguished cartesian manostat family! 


CARTESIAN 


VMANOSTAT#9S 


ABSOLUTE ano DIFFERENTIAL 
CONTROL GAUGE 


It’s here! The all-glass model for the laboratory. Another remarkable 
Cartesian Manostat, noted for its incomparable sensitivity, accuracy and 
reliability. Now for the first time, it permits direct setting of absolute or 
differential pressure. 

Not only does it control the pressure, absolute or differential, but it measures 
it as well. Position of float is read on a 100 mm. scale. When position is set, 
the corresponding pressure will be held automatically. 

Manostat floats available in two ranges: 0-10 mm. in 1/10 mm. divisions and 
0-100 mm. in 1 mm. divisions which may be used in the same instrument. 


PRICE LIST 

G15073 —Cartesian Manostat #9 complete with 2 floats send for use, but without 
mercury ea. 

G15073A—Same as G15073, but with 1 float only, range 0- 10: mm. ‘Be. . ea. 

G15073B—Same as G15073, but with 1 float only, range 0-100 mm. Hg. . ea 

G15073H—Float only, range 0-10 mm. Hg. . ea. 

G15078K—Float only, range 0-100 mm. Hg. ea 


The EMH, AGREIVER Co. 


20-26 N. MOORE street 222, N. Y. 13, N. Y. 


| 
\ 
3 
4 
4 
9 : 
| 
95.00 
84.50 
89.00 
14.40 
* patent pending ee 
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Check these 
S&S features 


Here’s why your students deserve 1. STANDARDIZATION 


for consistent accuracy — 


Quality Filter Papers 


2. SELECTION 
It is highly important to his career that the student chemist for more precise analysis— 
receive the finest instruction, coupled with highest quality a wide range of types from 
working tools. which to choose. 
For this reason, many professors and teachers of analytical 3. ECONOMY 
chemistry base their laboratory class filtrations upon high the advantages of S&S qual- 
quality S&S Analytical Filter Papers. ity for a few pennies more 


The use of consistently accurate S&S Filter Papers, with their per student, per year. 
standardized physical characteristics and wide range of types, 
permits the adoption of a standardized filtration technique. 


Still, it costs only a penny or two more per student, per year, FREE: 
for the advantages of S&S quality and dependability: * Make your own tests. 
Send for your S&S Filter Paper 


For the serious student, the establishing of 


For the non-chemistry major, a better understanding 
of classroom and laboratory instruction. 


Start your student chemists out right. Specify S&S Analytical 
Filter Papers when you order. Your care will be appreciated in 
later years. 


Carl Schleicher & Schuell Co. 


Dept. JC-67, KEENE, NEW HAMPSHIRE 


JOURNAL OF CHEMICAL EDUCATION 


>) 
ay 
” 
' : 
imk 
ducer 
MPL Pe 
A268 
4 
4 


\\ 


= 


Volumetric Flasks Nos. 28010 (50 ml.); 
28010 (200 ml.); 28015 (100 ml.); 28015 (25 mil.). 


KIMBLE VOLUMETRIC FLASKS 


Every Kimble Volu- 
metric Flask is individ- 
ually retested. 


Calibration stand- 
ards used in the production of 
Kimble volumetric flasks are ten 
times more accurate than the pro- 
duced pieces must be—one more 
effective precaution to insure accu- 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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racy. Graduation lines are fine and 
sharp to permit easy and precise 
setting of the meniscus. 

Kimble flasks are sturdy, clear 
and highly polished. Low center of 
gravity provides maximum stability. 

Ali flasks are thoroughly annealed 
to increase mechanical strength. 
They are inspected in a field of 


polarized light to insure effective 
annealing. 


There is a Kimble glassware item 
available to fill every iaboratory 
need. Your laboratory supply dealer 
is ready with complete information. 
Or write Kimble Glass Company, 
subsidiary of Owens-Illinois, Box 
1035, Toledo 1, Ohio. 


Owens-ILLINoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 


Kimble flasks 
cy, it demands 
work dem 
if your 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


Scientific Glass Apparatus Co., Inc., 100 
Lakewood Terrace, Bloomfield, New Jer- 
sey. Through use of a new plate design, 
it is possible to use round bottom flasks 
of 8500 to 33,000 ml. capacity. 


NEW APPARATUS AND 
EQUIPMENT 


> A new Resin Reaction Apparatus for 
pilot plants has been announced by the 


TYGON 


flexible 
TUBING 


~ Handles every laboratory application 
V Glass-like transparency for visual control 
V String-like flexibility for easy handling 
First choice of laboratories the world over 


PLASTICS AND 
SYNTHETICS 
DIVISION 


> The well-known line of Vari-Flex low- 
voltage regulated power supplies manu- 
factured by Hamner Electronics Co., Inc, 
Box 531, Princeton, New Jersey, has 
been extended to include mouniing ac. 
commodations that will enable these sup. 
plies to be installed in a relay rack. 


> Design advancements intended to 
make paper-strip electrophoresis pro- 
cedures faster and more reproducible are 
incorporated in the new Spinco Model R 
Paper Electrophoresis System. Informa- 
tion is available from the Spinco Division, 
Beckman Instruments, Inc., 1189 Stan- 
ford Industrial Park, Palo Alto, Cali. 
fornia. 


> The Arthur F. Smith Co., 311 Alex. 
ander St., Rochester 4, New York, manu. 
facturer of high-vacuum distillation equip- 
ment and laboratory supplies, announces 
the introduction of Asco-Seal standard 
taper conical joints with built-in rubber 
O-rings, described as the first major in- 
provement in jointed glassware since the 
original design. 


> Hastings Vacuum Gauges with single. 
contact relay control for auxiliary cir- 
cuits are now available for the three gen- 
eral use ranges, it was announced today by 
Hastings-Raydist, Inc., of Hampton, 
Virginia. Ranges available are 0-100 
microns Hg (Model CL-1), 0—1000 microns 
Hg (Model CV-1), and 0.1-20 mm. Hg 
(Model CP-1). 


> A new, low-cost, self-operating ion ex- 
change water demineralizer, Model SD- 
326, now being offered by Crystalab, 29 
Allyn St., Hartford 4, Connecticut, fills 
an important need in laboratories that 
require moderate quantities of mineral- 
free water. 


> The Robert Marks Co., 47 Goddard 
St., Providence, Rhode Island, announces 
a complete line of Norbide (boron car- 
bide) mortar and pestles for use in spec- 
trographic and chemical analysis. This 
new line includes */, in., 1'/, in, 2'/2 in. 
and 31/2 in. diameter mortars with highly 
polished or fine matte finished cavities. 


> A new series of small plastic valves of 
P.V.C. and Penton for metering of cor- 
rosive liquids and gases in atomic and 
radiation laboratories is now available from 
Chemtrol Corp., 1513 El Segundo Blvd. 
Compton, California. 


> Microchemical Specialties Co., 1834 
University Ave., Berkeley 3, California, 
is now manufacturing a motor driven 
Sample Feed Device for use on their elee- 
tro-chromatography apparatus. 


> Problems of analyzing extremely small 
amounts of gaseous mixtures, or liquid: 
capable of being vaporized, can now be 
solved with a new, inexpensive, portable 
mass spectrometer designed for both 
laboratory and industrial use. Known 
the Type 21-611 Mass Spectrometer, it} 
being introduced by Consolidated lectro- 
dynamics Corp., 300 N. Sierra Madre 
Villa, Pasadena, California. 


> To meet the need for a pump in the 
lower capacity range, Sigmamotor, Inc. 
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24 N. Main St., Middleport, New York, 
announces the Model 'T-8 Pump which, 
like the larger Sigmamotor models, utilizes 
the principle of moving steel fingers in a 
wave-like motion over flexible tubing, to 
pump liquids, gases, and slurries. This 
principle eliminates any possibility of con- 
tamination of the liquid being pumped, or 
any danger of corrosion to the pump. 


» A new series of low-priced, controlled- 
heat ovens has been introduced by the 
Duo-Kiln Manufacturing Co., 2185 E. 
14th St., Cleveland 15, Ohio. 


» Chemical & Pharmaceutical Industry 
Co., Inc., 90 W. Broadway, New York 
City, has introduced the Erweka all- 
purpose drive unit which, with a simple 
change of attachments, can be alternately 
used for a three roller mill, a homogenizer, 
an agitator, a ball mill, a tablet coater, 
ete., in the laboratory. 


NEW LITERATURE 


@ The National Bureau of Standards 
has begun preparation of a comprehensive 
Handbook of Mathematical Tables. In 
addition to the elementary functions, the 
Handbook will cover almost the entire field 
of transcendental functions. Expected to 
be ready before the end of 1958, it will 
appear as a volume of about 1000 pages of 
tables, 50 pages of graphs, and 200 pages 
of text. 

The project is supported by the National 
Science Foundation, and is being carried 
out by the Bureau’s computation labora- 
tory and numerical analysis group. 


NON-SPARKING | 
INDUCTION TYPE MOTOR 
Reduces Explosion 
Hazard from Brush Contacts 
Watt-Type Governor Stabilizes Speed 
@ AUTOMATIC SPEED CONTROL 

@ QUIET OPERATION 


switch, and plug. For operation on 50 or 
60 cycles, 115 volts A.C. Each $54.75 


No. 52 


@ LONG LIFE 


5230A. ELECTRIC STIRRER, 
for 230 Volts, A.C. Consists of No. 2530 
Stirrer equipped with a step-down trans- 
former to permit operation on 230 volts 50 
or 60 cycles A.C. Each $64.50 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880-————— 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


Correspondence regarding the Handbook 
should be addressed to Dr. M. Abramo- 
witz, National Bureau of Standards, 
Washington 25, D. C. 


@ California Foundation for Biochemical 
Research, 3408 Fowler St., Los Angeles 
63, California, offers their 1957 edition of 
Biochemical Prices and Data. 


@ Star Ceramics, Catalog 57, is available 
for those interested in these engineering 
materials, from the Star Porcelain Co., 
Trenton 9, New Jersey. 


@ The Third Edition of The Chemical 
Industry Facts Book, published by the 
Manufacturing Chemists’ Association, 
Ine., 1625 Eye St., N. W., Washington 6, 
D.C., is now available for $1.25. Several 
new features are included in this 160 page 
publication which is a must for editors, 
educators, and economists by giving de- 
tailed accurate information on the 
industry. 


@ Light Scattering by Colloidal Systems, 
An Annotated Bibliography by Myer M. 
Fishman, is available from The Technical 
Service Laboratories, River Edge, New 
York, at a prepaid price of $2.25. 


@ Science in Unesco and numerous other 
publications which tell of the work being 
done by this organization as well as their 
personnel needs and the opportunities 
lor service are available from UNESCO 
Publications Center, 475 Fifth Ave., New 
York 17, N. Y. 


@ Annual Report 1956; National Bureau 


of Standards, National Bureau of Stand- 


(Continued on page A273) 


AMERICAN LABORATORY APPARATUS CORPORATION INTRODUCES... 


ASS ELECTRO-HYGROMETER 


e Range 30 to 100% R.H. 
e Measures R.H. from 32° F to 180° F. 


e Negligible power drain for 
continuous duty 


e Integral voltage regulation 


Model 1 
complete $9750 


The Amlab Electro-Hygrometer is a lightweight, compact precision electrical instru- 
ment for quickly measuring relative humidity accurately, and directly without the use 
of conversion tables. Changes in vapor pressure and R.H. are converted to electri- 
cal resistance. 

The instrument consists of a remote encased humidity Sensor and an A.C. series 
indicating circuit, contained in a Bakelite case. The Sensor is styrene co-polymer 
coated with a special absorbing surface. Used in applications where other humidity 
Sensors fail. 


Available at better laboratory supply dealers . . . contact yours today! 


MLAB 


American Laboratory Apparatus Corporation 


2255 Broadway, New York 24, New York 


SPARKLESS ELECTRIC LABORATORY STIRRER 
- | An Ideal General Purpose Stirrer a 
| 
| 
| 
| | | 
$54.75 
5230. ELECTRIC STIRRER, Sparkless. . 
Complete with 6-foot connecting cord, line 
| 
| | 
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For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS iN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
casy—rinse material directly funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Catalog No. | Diam. (mm) Length (mm) _|Price, dozen 


12803 15 40 9.00 
12804 25 65 10.50 
12805 38 100 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


NYLAB 


SCIENTIFIC INSTRUMENTS cove APPARATUS 


Boule 
Delivers a DROP 
or a STREAM 


Does away with break- 
age .. . mouthpieces . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 «15724 
Capacity wn 60 125 250 500 
Price 1.15 1.20 1.30 1.60 1.85 


Discount of 10 Vo on orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 


FOR NEW 
CONVENIENCE 
IN FILTRATIONS 


Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate . . . Any ty, 
or receiving vesse 

Side 
‘Valve permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 


Minimum Inside Dimensions: Diam. 90 MM; Ht 
at side 120 MM; Ht at center 150 MM. 


Catalog No. 35070............ 12.00"ea. 
Write for NYLABS’ complete Cat. No. 7 on company 
lett:rhead. 


76 ‘Varick Street New York 13, N 
 Telephone:| CAnol 6-6504 


Photometers 


Klett-Summenrson 


No. 900-3 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


| 


oul 
KLETT SCIENTIFIC PRODUCTS———— 
ELECTROPHORESIS APPARATUS BIO-COLORIMETERS | 


GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS a 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK \. Y. 
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ouT OF THE 


ards Miscellaneous Publication 220, 158 
pages, 60 cents (order from Superintend- 
ent of Documents, U. S. Government 
Printing Office, Washington 25, D. C.). 
Brief descriptions are given of repre- 
vntative accomplishments in each area of 
the Bureau’s responsibilities, which include 
maintenance of basic standards, deter- 
mination of physical constants and prop- 
erties of matter, development of methods 
and instruments of measurement, and the 
provision of calibration, testing, and scien- 
tific advisory services. 


@ The Liquid Carbonic Corp., Com- 
pressed Gas Division, 3100 8. Kedzie 
4ve., Chicago 23, Illinois, has available 
a new brochure, Applications Unlimited, 
00+. 


@ Betz Laboratories, Inc., Gillingham and 
Worth Sts., Philadelphia 24, Pennsylvania, 
consultants on industrial water problems, 
announces the availability of Technical 
Paper No. 134 entitled, Conductivity 
Versus Sodium by Flame Spectrephetometer 
in Steam-Purity Studies. 


@ Zirconium and Hafnium, a new twelve- 
page illustrated booklet, has just been 
isued by U. S. Industrial Chemicals Co., 
Division of National Distillers Products 
Corp., 99 Park Ave., New York 16, N. Y. 


@ A seven-page bibliography giving what 
is believed to be the most complete and 
up-to-date source material available on 
properties of zirconium and its alloys will 
be furnished to all who request it with the 
compliments of Columbia- National Corp., 
producers of reactor and commercial grade 
uirconium. Contact J. W. Blanton, 
Columbia- National Corp., 70 Memorial 
Drive, Cambridge 42, Massachusetts. 


@ Zirconium’s corrosion resistant prop- 
erties receive authoritative treatment in 
the “corrosion’’ issue of More ZR Facts— 
an 8&page brochure just released by the 
— Metals Co., Akron, New 
ork, 


@ The Harshaw Chemical Co., 1945 E. 
‘ith St., Cleveland 6, Ohio, has a booklet 
Just off the press entitled Harshaw Indus- 
trial Chemicals. 


@A new informative, catalogue-type 
brochure discussing and illustrating im- 
proved ion-exchange water purification 
techniques and equipment is currently 
being offered, without charge, by Enley 
Products, Ine., 1236 Broadway, Brooklyn 
21, New York. 


@ The Chemical Specialties Research 
aboratories, Box 33, Ansonia Station, 
New York 28, N. Y., announces the avail- 
‘bility of their 1957 catalogue listing 
ports on over 1500 trade-name chemical 
Specialties. Included are reports on 
cleaners of all types, cosmetic preparations, 
letergenis, waxes, bleaches, polishes, and 


other household and _ industrial 
ems, 


(Continued on page A274) 
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Editor's Gasket 


‘Fitted with Counting Device 
Reads to Closest .0001 ml. 


CAN BE USED WITH 
HIGHLY CONCENTRATED 
REAGENTS 


Buret can accomplish titrations 
throughout entire quantitative range 
of analytical chemistry, ie: macro, 
micro, and ultramicro. When 
concentrated titrants are used 
(approximately 2-normal), the net 
mi. of titrant per analysis can be 
reduced some 20-fold. 


NEW TITRATION 
TOOL ELIMINATES 
MENISCUS READING 


‘Titrants are dispensed mechanically. 


fi There is no need for stop-cock 


or needle-valve control. There is 


.j no meniscus to set or read 


. . No errors of parallax exist. 
Zero-meniscus is automatically 
set when counter 

reads 0.0000. 


Bulletin 2286—W 
Yours upon request 


8030 Georgia Ave., Silver Spring, Maryland 
- + « In Metropolitan Washington, 
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Edttor's Garcket 


@ A data sheet describing a new model 
portable cooler for laboratory water 
baths, and giving performance data, is 
available from Arthur S. LaPine & Co., 
6001 S. Knox Ave., Chicago 29, Illinois. 


@ Scientific Glass Apparatus Co., Inc., 
Bloomfield, New Jersey, announces the 
publication of a new edition of What’s 
New for the Laboratory—28th in the series. 


@ A new 64-page two-color catalogue has 
been “announced by Nuclear-Chicago 
Corp., 229 W. Erie St., Chicago 10, Illi- 
nois. The new catalogue illustrates and 
describes over thirty new radioactivity 
measuring instruments. 


* “Our brightest teen-agers are not 
bookworms; they are able students with a 
surprising number and variety of extra- 
curricular and community activities,’’ 
according to John M. Stalnaker, President 
of the National Merit Scholarship Corp. 


Mr. Stalnaker drew his conclusion from 
a study of personal records of the ‘‘Merit 
Scholars of 1956’’—a group of 556 college 
freshmen who were the winners of the 
largest private scholarship competition 
in U. 8S. history. They were selected 
solely on their demonstrated ability to 
benefit from college training. Each 
scholarship is tailored to the individual 
financial need of each student, and the 
scholar is free to choose to attend any 
accredited college. The average Merit 
Scholar requires $630 per year, or $2520 
for the four-year course, in addition to the 


1% MILLION SQUARE FEET OF 


Resists Acids, Alkalies, Solvents, Heat, Abrasion 


Since its introduction in 1941, Kemrock has proved outstanding for laboratory 
table tops, work surfaces and sinks. In these 16 years, more than 114 million 
square feet of Kemrock have gone into thousands of educational, industrial and 
hospital laboratories, most of it still in daily service. 

Made from a practically inert stone free of veins and seams, Kemrock is thor- 
oughly impregnated and surface coated with a highly chemical-resistant resin, 
then baked at high temperatures. The finished tops—jet black in color—are remark- 
ably tough, defiantly resistant to acids, alkalies, solvents, normal heat and severe 
abrasion. Takes a lot of abuse, yet comes up smiling with a minimum of care 


and maintenance. 


An exclusive Kewaunee product, Kemrock is the answer to a wide range of 
laboratory surface problems. Make it your top choice for lasting service. 


Write for detailed descriptive literature 


KEWAUNEE MANUFACTURING CO. / 
5014 S. Center St., Adrian, Mich. ‘ 


TECHNICAL FURNITURE, INC. 
Statesville, North Carolina 


REPRESENTATIVES IN PRINCIPAL CITIES 


help his parents can provide, to stay jp 
college. 

“Over half of these students are enrolled 
in science or engineering courses. They 
apparently expect to pursue direct careers 
in these professional areas, since 29% 
expect to be researchers after they gradu. 
ate, 23% plan to be engineers, and 17%, 
intend to be teachers. Another 8% want 
a career in medicine.’’ 


% The American Pad and Textile Co, 
Greenfield, Ohio, has established a fcliow. 
ship in Mellon Institute, Pittsburgh, 
Pennsylvania, that will be concerned with 
scientific research on the production or 
processing of buoyant, resilient, insulating 
materials of fibrous or cellular structure 
especially suitable for the construction 
of lifesaving or protective equipment. 


% Wanted! A cheap material which will 
transform surface soil into a hard pave 
ment is among the strange substances wr- 
gently sought by the armed services, ac- 
cording to the National Inventors Coun- 
cil, U. S. Department of Commerce. 


* A new free price list of Atomic Energ 
Commission unclassified research reports 
for sale by the Office of Technical Ser- 
vices, U. S. Department of Commerce, 
Washington 25, D. C., is now availabk 
from OTS on request for AEC Research 
Reports Price List No. 27. 


A commercially available sintered- 
plate secondary cell has shown consider- 
able improvement in high-rate and low- 
temperature performance over the cor- 
ventional cell used in the nickel-cadmium 
alkaline battery. The report of this re- 
search, PB 121533 A _  Sintlered-Plate 
Nickel-Cadmium Cell, G. W. Work, Nava! 
Research Laboratory, October, 1956, 
may be ordered from OTS, U. 8. Depart- 
ment of Commerce, Washington 25, D. C 
Fifteen pages, price 50 cents. 


*% The Stanford Research Institute, 
Menlo Park, California, has developed 4 
series of standards by means of which any 
laboratory can ascertain the reliability of 
their analytical procedure for fluoride de- 
terminations. 


*% Man on a Skyhook is the title of a new 
18 minute color, sound movie by Th 
Aluminum Company of America. Espe 
cially contrived to illustrate aluminum’ 
versatile color and texture possibilities to 
designers, architects, and engineers, the 
movie already is winning critical acclaim 
in the fields of art, design, and production. 
Contact the Motion Picture Section 
the Company, 1501 Alcoa Bldg., Pitts 
burgh 19, Pennsylvania. 


% To meet the demands of scientists 
especially industrial scientists, for ad- 
vanced professional instruction in the us 
of specialized physical tools in clemisty 
and physics, the Polytechnic Institute @ 
Brooklyn will sponsor “A new Summer 
Laboratory Program for Indusiry’’ be 
tween June 3 and August 12 «i Poly 
technic, 99 Livingston St., Brook! 1. 
Inquiries should be addressed ‘o Mr 
Doris Cattell, Summer Laboratory Pre 
gram, Polytechnic Institute of Brookly 
99 Livingston St., Brooklyn, New York. 
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710—Metric 
810—Avoirdupois 


( 


REMOVABLE STAINLESS STEEL PAN —6” DIA. 


$21 
ictchalcagin 27.40 w/o att. wts. 
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760—Metric 
860—Avoirdupois 
660—Grain 


820—Avoirdupois 
620—Grain 


45 w/o att. wts. 


30 w/o att. wts. 


BRASS SCOOP — 12” x6” x 2%” 
720—Metric 


$19.15 w/o att. wts. 
850-S—Avoirdupois 25.10 w/o att. wts. 
35.00 w/o att. wts. 


$27.50 w/o att. wts. 


ANIMAL SUBJECT BOX —6” x9” DIA. 

$34.80 w/o att. wts. 
40.75 w/o att. wts. 
50.65 w/o att. wts. 


CONVENIENT UNDIVIDED TARE BEAM 


Stainless Steel Plate 6” Dia. 


eae $23.00 w/o att. wts. 
28.95 
38.85 


w/o att. wts. 
w/o att. wts. 


33.45 w/o att. wts. 
43.35 w/o att. wts. 


TARE CAP. 


225 Grams 
8 Ounces 
3500 Grains 


Weighing Beam Calibrations Total Cap. Cap. W/0 
Standard > Front Rear Center W/Att. Wts. Att. Wts. Sensitivity 
Series — 2610 Gram 610 Gram 0.1 Gram 
Sees | | | | | | Oo 
Grains ies | Gran | 100 Gr. | 1000 Ga, | 26100 Grn. 6100 Grn. cain | 
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WEIGHT RAC 


The capacity of your Ohaus Triple Beem Bc 
ance may be readily extended with the 

of attechment weights, which can be sus- 
pended from the pivots on the end of 
beam. These weights are supplied in sets 
extend the balance to its full capacity. T 
weights fit into a handy block which sits und 
the base of the scale. Sets are available 
Metric, Avoirdupois and Grain as shown belo 


ime 


Set Standard Weight Rack 


707 Metric with 2 #702, 1 #701 
807 <Avoir with 2 #802, | #801 
607 Groin with 2 #602, 1 #601 


"Medel Ne, 704 

“This vinyl metallic balance cover is specially 
designed for the Ohaus Triple Beam Balance. 
Measures 16” x 6%" x'?”. 

; List Price $1.25 


‘ Model Ne. 703 Carrying Case for Ohaus Triple Beam Balano 
_ Scoop and Counterweight for Trinle Beam Bal- This attractive and durable case is made 
_ ance. Seoop is polished brass with foot. Coun- leatherette and measures 18” x8” x 7%" 
~ terweight attaches to suspension pivot. Scoop List Price $15 
12%" 5%" x3” deep. 

List Price $7.50 


Medel No. 108 

Clamp and Rod Support. For use in specific 

gravity weighing. Rod fits the hole provided 

in back of the base, and clamps figidly to Re 

table, bench or desk. OHAUS SCALE CORPORATION 
UNION, NEW JERSEY 


The name Ohaus on laboratory 
balances is synonomous with quality and service. 


We are especially proud of our Triple Beam 
Balances which incorporate many of the fine features 
developed by Ohaus through its 50 years in the special ed 
manufacture of this equipment. 


A complete catalog of our entire line is available on requé t. 


HARVARD TRIP BALANCES @ SOLUTION BALANCES 
INDUSTRIAL BALANCES e@ TRIPLE BEAM BALANCES 
SPECIAL PURPOSE BALANCES e@ GRAIN TESTING SCALES 
LABORATORY and SPECIAL WEIGHTS 
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Oxygen Bomb Sulfur Apparatus 


For: 
Sulfur in Petroleum Products 
Come... ASTM D 271-48 
Chlorine in Oils and Greases ASTM D 808-52T 
Sulfur, Halogens, Arsenic, etc. in other Combustible Materials 
The Series 1900 apparatus consists of a Parr 
self-sealing oxygen bomb with all accessories 
and instructions for the rapid combustion of 
analytical samples when calorific measurements 
are not required. 


ASTM D 129-52 


Order from any Parr Dealer, or write direct for Spec. 1900. 


PARR INSTRUMENT CO. 


MOLINE, ILLINOIS 


am Baland 
is made 


"x 
rice $15 


EVAPORATING DISHES 
are standard equipment 
for the modern chemical 
laboratory. Suitable for 
many diversified uses they 
are available in a large 
range of sizes-some with black 
of while precipitates. 
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Hot Plate — Magnetic Stirrer. 


wow 
DOUBLE 
Yj INSTRUMENT 


®e ww a? 


New low cost—plus 
advanced design features 


Now you can heat and stir simultaneously 
with WACO AGITHERM. Heavy-duty in- 
dividual controls allow use of either stirrer or 
hot plate independently when desired. 


The 500 watt hot plate can be set thermo- 
statically at any temperature up to 600° F. 
Pilot light indicates when heat is on. The 
perforated stainless steel case assures cool 
operation of motor. Compact design, 614” 
diameter by 5” high. 


No. 84500 Agitherm Stirrer Hot Plate, com- 
plete with one each glass and Teflon covered 
stirring bars 34 x 114", for 115 volt, 60 cycle, 
A.C. . . . $67.50 


ORDER NOW! 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION CHICAGO 31, ILLINOIS 


“aa 
= | 
| = = 
‘ 
> 
> 
— 
RATION j 
. 
| 
LD 
we 
# PORCELAIN COMPANY | | WILKENS-ANDERSONW CO. 3 


Weeh D. C. PANEL METERS 


SENSITIVE 20 MICROAMPERES MOVEMENT 
e Accuracy 2% of Full Scale Deflection 


These rugged, precision instruments are standard equipment for many ra- 
diation devices—the product of many years’ experience in building 
electrical measuring instruments. 


cH SCIEN 
CHICAGO, 4 


MILLIAMPERES 


CURRENT 


MODEL NO. 350 MODEL NO. 351 
Suitable for such applications as measuring grid 
Welch Model 350 Panel Meters are often used in currents and currents from photoelectric tubes and 
temporary ‘‘bread-board’’ assemblies and in ‘“‘home- cells. They have alnico magnets, sapphire bearings, 
made” devices so common in electronics laboratories. and especially selected pivots to make possible the 
In such work it is frequently more convenient to have extremely sensitive 20 microampere movement. 
an attached rather than a separate meter. 


MODELS 
© Stable and Well-Damped 350—314 inch round—2.4 inch scale 
@ Flush Mounting Bakelite Cases 351—3 inch square—2.4 inch scale 


@ High Torque Ratio 451—41, inch rectangular—3.5 inch scale 


@ Alnico Magnets 

® Sapphire Jewel Bearings 

© Selected Steel Pivots 

@® Fume-proof Metal Scales 
Extremely Rigid Mounting 


MICROAMMETERS-VOLTMETERS- 
MILLIAMMETERS 


TYPES 


Microammeters 0-20 up to 0-500 

Milliammeters 0-1 up to 0-500 

Ammeters 0-1 up to 0-30 

—— various ranges, 100 to 50,000 ohms per 
volt 


CURRENT 


MILLIAMPERES 


Zero Center Ammeters 
DB Meters . Rectifier Instruments 
Special Scaled Meters . Thermocouple Meters 


A complete line of round, square, and rec- 
tangular meters is manufactured by Welch. 


WRITE FOR OUR METER CATALOG 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


MODEL NO. 451 


Manufacturers of Scientific instruments and Labor atory Apparatus 
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You'll want to investigate these r.c:nt titles... 


EXPERIMENTS in BIOCHEMICAL RESEARCH TECHNIQUES 


By ROBERT COWGILL, University of Colorado School of 
Med:cine; and ARTHUR B. PARDEE, University of Cali- 
fornia, Berkeley. Presents many of the research procedures 
of modern biochemistry in book form for the first time. 
Designed for advanced students, the volume includes 
such effective tools as radioisotope techniques, electro- 
phoresis, paper chromatography, and gas chromatog- 
raphy, as well as new techniques in enzyme bio- 
chemistry. Each experiment is written to emphasize the 
principles of biochemistry and to give training in the 

edures. 

After a general introduction, the authors devote the 


first portion of the volume to physical-chemical methods 
for the separation and identification of biologically 
important compounds. This is followed by a section 
of experiments in the biochemistry of enzymes. The 
final group covers radioactive isotope tracer techniques. 
Experiments are presented in such a way that the student 
must often acquire certain details from his own reason- 
ing and ingenuity, or from references to the literature. 
This helps to develop the intellectual flexibility and 
thoroughness that will be all-important in his future 
research. 1957. In Press. 


The CHEMISTRY of ORGANIC MEDICINAL PRODUCTS, Fourth Edition 


By GLENN E. JENKINS, Purdue University; WALTER 
H. HARTUNG, Medical College of Virginia; KENNETH 
E. HAMLIN, JR., Abbott Laboratories; and JOHN B. 
DATA, Purdue University. Completely revised to cover 
the significant advances of recent years, this work con- 
tinues to give a rational system of chemical classification 
for organic medicinal compounds, covering natural as 
well as synthetic compounds. Emphasis is on the 


relationship between chemical structure and physical 
properties and physiological activity. The fourth 
edition covers late developments in antibiotics, tran- 
quilizing drugs, oral insulin products, antihistimines, 
and other om cinal agents. It also presents one of the 
most recent brief treatments of sterioisomerism. Coming 
in July. Approx. 550 pages. Prob. $10.00. 


THERMODYNAMICS for CHEMICAL ENGINEERS, Second Edition 


By HAROLD C. WEBER and HERMAN P. MEISSNER, 
both of The Massachusetts Institute of Technology. This 
second edition includes an expanded treatment of fluid 
flow, plus descriptive chapters on power cycles, engines, 
and refrigerators. New material has been tested in chem- 
ical engineering courses at M.I.T. during the past two 
years, and the presentation adopted after a considerable 
period of experimentation. 

Like its widely used predecessor, this new edition 
approaches thermodynamics from the viewpoint of both 
the engineer and the chemist. This broader point of 


July. 


view makes possible the translation of findings from 
chemical laboratories into economical production meth- 
ods in modern industrial plants. 

A full battery of illustrative examples with solutions 
and many new problems make the text more effective 
than ever before. All the problems and study aids are 
designed to make the student think, rather than merely 
calculate. The authors stress the approximate methods 
of solution where complete data are lacking. Coming in 
Approx. 517 pages. Prob. $8.00. 


QUANTITATIVE ORGANIC ANALYSIS- 


By JAMES S. FRITZ and GEORGE S. HAMMOND, 
both of Iowa State College. Designed as a textbook, this is 
the first work on the ays of quantitative organic 
analysis written specifically for classroom teaching. To 
illustrate the app ication of fundamentals, 
is made of specific analytical procedures. These include 
direct and indirect acid-base methods, oxidation- 
reduction methods, spectrophotometric analysis, methods 
of achieving analytic separations, and other techniques of 


merous use 


150 YEARS 


Coming in July. 


quantitative analysis. Students are encouraged to ap- 
proach new problems in a constructive and imaginative 
manner. Considerable space is devoted to the reasoning 
that can be applied to the choice of methods and the 
proper planning of trial experiments. Sufficient labora- 
tory procedures are given to provide material for the 
laboratory part of a course in quantitative analysis. 
Approx. 296 pages. Prob. $6.00 


Send today for your examination copies 


OF PUBLISHING 
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JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N. Y. 
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are only provisional attempts. However, 
the sections concerned with definitions, 
reversible phenomena, and_ electrodes, 
being models of lucidity and rigor, should 
be read by all physical and electrochemists. 
These sections contain just what the 
usual textbooks have left out or glossed 
over. 


Recent Sooke 


kinetics, the author has made use of the 
notions of the uncompensated heat, De 
Donder’s affinity, and some of the ap- 
paratus of the Onsager-Meixner-Prigogine- 
De Groot theory of irreversible thermo- 
dynamics. With these notions, together 
with careful definitions, based on the 
CITCE’s tentative recommendations, he 
has given us a very fine exposition of his 
chosen subjects. The whole monograph 
can be read with profit by most physical 
and electrochemists; although certain 
portions, for example, the sections dealing 
with liquid junction potentials, have not 
been treated with the full generality 
available from the thermodynamics of 
irreversible process. Also certain other 
parts dealing with such _ irreversible 
phenomena as coupled electrode reactions 


DONALD G. MILLER 
UNIVERSITY OF CALIFORNIA 
RapD1aTION LABORATORY 
LIVERMORE, CALIFORNIA 


POLYMER SOLUTIONS 


H. Tompa, European Research Associates, 
Brussels. Academic Press, Inc., New 
York, 1956. xiv + 325 pp. 14.5 X 22 


A CONSIDERABLE effort in the past 
twenty years has been expended by theore- 
ticians in explaining the solution properties 


\ 


If you'd like to know 
more about these CO2 
Alkalimeters, see page 
19 of our Catalog CA-2. 


Tall or small... choose either 
for your CO, determinations 


almost right for you, tell us what modifica- 
tions you want and we’ll make them. 

Our prices for this sort of ware are rea- 
sonable and the workmanship unexcelled. 
When you want special apparatus, come to 
Corning and get all that we 
alone are able to give you. 
Have you a copy? It’s nearly 
brand-new, filled with over 
6,000 examples of custom- 
made Corning laboratory 
ware. Very useful. Send for 
your copy if you haven’t al- 
ready. 


Either of these could be precisely the 
Carbon Dioxide Alkalimeter you need. 

For purposes of identification, the tall 
one is the Knorr A.O.A.C. type. The small, 
a Schroedter. Both are made of Pyrex 
brand glass No. 7740 by lampworkers who 
are probably the most highly skilled fab- 
ricators of borosilicate glasses in the world. 
These are the men who man the benches in 
our Special Apparatus Department. 

Extremes in size bother them not. These 
custom lampworkers labor with infinite 
care to produce the more than 6,000 items 
in the Corning Catalog of Custom-Made 
Laboratory Glassware (CA-2). 

If among this collection you cannot find 


CORNING GLASS WORKS 


precisely the apparatus you need, simpl 70-6 Crystal Street, Corning, N.Y. 
send us a sketch and we'll work from —_ 4 ur 
plans. Or, if the illustrated apparatus is meant research 


PYREX® laboratory ware 


. «the tested tool of modern research 
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of synthetic high polymers. Dr. Tompa 
has reviewed these theories in a very com- 
prehensive manner and compared them 
with the experimental results. The jor. 
mulas of the thermodynamics of solutions 
and of the statistics of coiled moleciiles 
are derived from first principles. ‘Ihe 
book serves, therefore, as a basic handb jok 
on the subject as well as a summary of the 
current theories. 

The author’s style is lucid and he ¢ ire- 
fully explains the physical bases of the 
theories considered. This book is ‘re. 
quired” reading for physical cheniists 
working in the field of high polymers, 
It is also recommended as outside reading 
for seniors or first-year graduate students 
to better appreciate some of the interesting 
problems to which thermodynamics has 
been recently applied. 


GERALD OSTER 
Potytecunic INsTITUTE OF BROOKLYN 
N. Y. 


ION EXCHANGE AND ITS 
APPLICATIONS 


Society of Chemical Industry, London, 
1955. The Macmillan Company, New 
York, 1955. 173 pp. 77 figs. 22.5 x 
28 cm. $7.50 


Tuis is a collection of 21 papers given at 
a three-day conference at London Uni- 
versity. Among the authors, are the 
leading experts of ion exchange in Great 
Britain and four from continental Europe. 
The discussions that followed the papers 
are included. 

The papers are well organized, are 
written in good English, and contain a 
wealth of information, both theoretical and 
practical. Although it may be unfair to 
the authors of many other excellent 
contributions, the reviewer yields to the 
temptation to mention a few papers that 
he found particularly enjoyable, informa- 
tive, and stimulating. These are J. A. 
Kitchener’s “TIon-exchange equilibria and 
kinetics: A critique of the present status 
of the theory,’’ F. H. Burstall and R. A. 
Wells’ “Studies on the recovery of gold 
from cyanide solutions by ion exchange,” 
E. C. Potter and J. F. Moresby’s “The use 
of cation-exchange resin in the deter- 
mination of copper and iron dissolved at 
very low concentration in water,” B. A. 
J. Lister’s “Ion exchange in the study 
of complex ions in solution,’’ 8. M. Par- 
tridge’s ‘Separation of amino-acids, pep- 
tides, and proteins,’ D. A. K. Black's 
“Therapeutic application of exchange 
resins,” and D. M. Brown’s “The sep- 
aration of nucleic acid degradation prod- 
ucts.’’ This list also serves to indicate 
the wide range of topics covered in the 
book. The reviewer also applauds the 
statement of E. Glueckauf regarding the 
difficulty in deriving a general elution 
equation: “Indeed, a universally appli- 
cable solution does not exist, and if it 
were possible to produce it, it would be an 
elephantine affair of unmanageable com- 
plexity.”’ 

There is less repetition in the conti! 
butions of the various authors than one 
usually finds in a book of this type. 

The chief criticisms of the book «re the 
lack of an index and the long interval 


(Continued on page A283) 
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; pal Tmoucn NEARLY 30 YEARS OF TEACHING, Dr. 
F ae Sorum has developed the effective scheme now pre- 
mists sented in his text, which provides: « an amount of 
ans material that can be completely covered in an intro- 
ae Fundamentals of ductory course « a choice of material satisfying the 


eo. GENER AL CHE MISTRY needs of the non-major and terminal student, as well 


as providing a solid foundation for future courses in 
chemistry + an order of treatment developing the 
concepts of chemistry in a logical, easily understood 
manner. 


STER 


1955 © 588 pages © 6”x9” Textprice $6.75 


Tus ONE LABORATORY MANUAL CAN SERVE THE 
needs of every type of general chemistry student, 
regardless of his background in chemistry and future 
plans. Dr. Sorum’s set of 55 experiments, explana- 


Laboratory M anu al of tory notes, thought-provoking questions, and 16 
written exercises give laboratory work the important 

GENERAL CHEMISTRY role that it should have in the teaching of general 

chemistry. It is ideally suited to Fundamentals of 
General Chemistry, but may be used with any other 


basic text as well. 
1955 254 pages © 6”x9” © Text price $2.95 


Exptovinc WELL-DEVELOPED PROCEDURES THAT 

give the student sharp separations and tests, this 

. popular manual presents a concise coverage of the 
Introduction to fundamentals of modern qualitative analysis. It is 


SEMIMICRO QUALITATIVE organized entirely around procedures, with applica- 
ANALYSIS, Qnd edition (195 3) ble principles given in note form immediately follow- 


ing each of the procedures. In addition, a separate 
chapter supplements the notes and discusses the 
theoretical aspects in greater detail. 

1953 198 pages © Text price $2.95 


Anreavy IN USE AT HUNDREDS OF SCHOOLS, THIS 
handy volume of general chemistry problems has 
been proven to deliver what the students need, in a 
bi ow to S olv e way they can readily understand. Many professors 
have written to tell us that Dr. Sorum’s companion 


GENERAL CHEMISTRY volume has worked for students because it: « helps 


PROBLEMS to make up for inadequate training at the secondary 
level ¢ gives reasons for problem-solving proficiency, 


thus sells students « offers not just one method, but 
a formula method that stimulates sound and ex- 
ploratory thinking. 

1952 © 157 pages © © Text price $1.95 


approval copies available from — 


PRENTICE-HALL, INC. 
Englewood Cliffs, New Jersey 
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hetween the conference (April 3-5, 1954) 
and the publication (December 4, 1956). 
Errors are few, but the value given for the 
second ionization constant of H.SiO;, 
| X 107%, can hardly be correct. Also, the 
following statement is much too sweeping: 
“The separation of amino-acids on anion- 
or cation-exchangers is based not on the 
specificity of the exchanger for different 
amino-acids, but on their varying degree 
of cationic or anionic dissociation in 
aqueous solution.” 

In a circular letter advertising this 
book, the publisher states, “It will be of 
particular value to the industrial chemist.’’ 
This is true, but the theoretical chemist 
will also find it valuable. 

Wma. RIEMAN III 
Rutgers UNIVERSITY 
New Brunswick, New JERSEY 


ELEMENTARY QUANTITATIVE 
ANALYSIS 


W. J. Blaedel and V. W. Meloche, Pro- 
fessors of Chemistry, University of Wiscon- 
sin. Row, Peterson and Co., Evanston, 
Illinois, 1957. xv + 826 pp. 119 figs. 
50tables. 15 X 23cm. $6.90. 


Tuis textbook is designed to satisfy the 
requirements of a one-semester course, but 
with very few additions it would be 
suitable for a full year’s work. It is 
highly organized in outline form with a 
text proper for all students, and a 223-page 
supplement for chemistry majors. After 
the introductory material, a review of the 
necessary mathematics is given, followed 
by a review of the pertinent chemical 
principles stressing the difference between 
reaction tendencies and reaction rates. 
Error theory and the treatment of 
quantitative data are discussed at great 
length. Gravimetric analysis precedes 
volumetric analysis. Special topics 
include absorptiometry, a general dis- 
cussion of instrumental methods, and an 
introduction to the literature. The list 
of references, appendixes, and end papers 
are unusually complete and helpful. 

The style of writing is simple and clear, 
approaching a conversational tone, with 
an abundance of well-chosen figures and 
tables to illustrate crucial points. The 
explanation of titration errors and the 
approach to the solution of equations 
involving multiple equilibria are particu- 
larly well handled. Wherever the scope of 
4 discussion must be limited, further 
references to the literature are given. The 
student is seldom misled into believing 
that a situation is more simple than it 
really is. About 200 example problems are 
worked out, giving not only the method 
but also the reasoning behind it. An 
imposing list of questions and problems 
follows each chapter, about 1470 in all, 
most of which are thought-provoking and 
require more than routine substitution 
into a formula. Answers are given for 
most numerical problems. 

experiments are few in number, 
but are well-chosen standard procedures, 
with a complete discussion of the method, 
its limitations, errors, and related applica- 
(Continued on page A284) 
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worth looking into... 


NALGENE POLYETHYLENE WARE 


You'll find NALGENE and NALGENE [HH] laboratory items 
are long-lasting, chemically resistant, and unbreakable. 
Dimensional stability is excellent, with NALGENE [HH] having, 
a fauch higher tensile strength and a softening point abbyg, 
7 


—~ and NALGENE [HH] the next time you order 


| 


WIDE-MOUTH BOTTLES [ HH |” 
1, 2, 4, 8, 16, 32 ozs. 


FILTERING FUNNELS 
analytical style to fit s' 
filter paper sizes 


CENTRIFUGE TUBES [HH]” 
3.5 to 100ml 


In sizes for pipets up 
ST to 16”, 24”, or 33” long. 


j- 


ARGES 
Ask-Your} dealer for 
datalog E-956, | The 
“or write: | 


ROCHESTER 2, 


j OF POLYETHYLENE LABORATORY WARE 


N.Y. 
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laboratory ware. Ask your supply dealer. 
\ 
\ 
/ 
= | 
Polyethylene 


FAST 


ABSORBING 


REAGENTS 


“For Scientists Everywhere” 


GAS ANALYSIS SOLUTIONS 


Burrell modern reagents and auxiliary solutions are 
recommended as standard, to be used with all types 
of gas analysis equipment. Solutions are fresh, uni- 
form and of superior quality. 


COSORBENT® for Carbon Monoxide. Active and accu- 
rate. Forms stable compound. Requires few passes. 
CAT. NO. 39-720—8 oz. 5.50....... Case of 12—59.40 


CAT. NO. 39-721—3 oz. 3.00...... Case of 12—32.40 
oo gpa POWDER for Carbon Monoxide. Easier to 
ndle. 

CAT. NO. 39-725—vial 3.50....Case of 12 vials—37.80 
LUSORBENT© for Illuminants. No vapor pressure. Non- 
corrosive to rubber connections. 

CAT. NO. 39-715—8 oz. 4.00.......Case of 12—43.20 
CAT. NO. 39-716—3 oz. 2.50.......Case of 12—27.00 
OXSORBENT® for Oxygen. Fast, clean and accurate. 
Breaks sharply at saturation point. 

CAT. NO. 39-710—8 oz. 5.50.......Case of 12—59.40 
CAT. NO. 39-711—3 oz. 3.00....... Case of 12—32.40 


DISORBENT© for Carbon Dioxide. Crystal clear potas- 
sium hydroxide solution. Accurate and fast. 


CAT. NO. 39-730—16 oz. 3.00...... Case of 12—32.40 
CAT. NO. 39-731—3 oz. 1.75....... Case of 12—18.90 
® Trademark Registered U.S. Patent Office 

© Trademark 


Note: Approx. 8 oz. equals a charge in a standard 
absorption pipette; 3 oz. for Industro® gas ly 


Prices listed are F. O. B. Pittsburgh, Pa. 
For additional listings ask for Bulletin No. 327 


BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


Recent 


The Model LR features a new desig 


n refrigeration ‘system 


which employs: forced air circulation through side and 
bottom cooling areas to provide a continuous !aminar 
flow of cool air streams onto all portions of the rotor. 
Chamber temperatures may be set as low as —15 C and 
automatically ‘maintained within +1 C. Rotor compart- 
ment temperatures are easily maintained at 0 C and 


lower, even 


periods. 


Instrumentation includes a 
tachometer, two hour timer, a’ 


during runs at maximum speed for extended 


inuous reading electric 
tic temperature. con- 


troller, variable speed controller, ammeter for rotor accele- 
ration control and various operating safety controls. 

A full 1 Hp. Universal motor provides direct: power to 
any rotor employed, without the use of cumbersome high 
speed attachments, pulleys or gears. All rotors are inter- 
changeably used in both refrigerated and non-refrigerated 
Lourdes’ centrifuges without the use of special adapters. 

More compact and competitively priced, the Model LR 
offers highest quality construction, maximum operating 
efficiency and unsurpassed performance. 


FOUR INTERCHANGEABLE ROTORS 
ROTOR x) (Max) 
(6x250cc) 41 000 
400ce (8x50cc) 46,300 
(24x15ec) 15,300 
ging Cup 2cc) 12,000 


LARGEST MANUFACTURER OF SUPER 


LOURDES corp. 


53rd STREET and Iss AVENUE ® BROOKLYN 32, N. Y. 


SPEED 


Backed by over a decade of laboratory 
instrument manufacturing experience, 
each LOURDES’ unit is guaranteed for 


WRITE FOR 
LITERATURE. 
REFER TO CE67 


UG 


tions. In addition to weighing che: ks, 
calibrations, and preparation of stand. 
solutions, two gravimetric, eight volu- 
metric (including the use of a pH meter), 
and one spectrophotometric determina- 
tion are given. 

The most impressive improvement .\ver 
other texts is the balance between the 
treatment of analytical chemistry a: ay 
exact science and the many apyroy- 
imations used in calculations as well xs 
the empirical nature of many procedures, 
This is a difficult perspective for the 
student to grasp, and frequently results 
in misunderstanding or disgust. The 
authors have made a significant advance 
in their presentation. 

The reviewer found no misprints or 
errors, and disagrees with the authors jn 
only one minor point; namely, the 
convention used for cell voltages which are 
given absolute values only. The reviewer 
would also prefer to give less space to the 
statistical treatment of error and include 
a few other topics, such as the attack of 
insoluble samples, electrolysis, ion ey- 
change, and organic reagents. 

Although its length is imposing, the 
student will surely appreciate its thorough- 
ness in leading from the simple to the 
complex. It certainly deserves consicera- 
tion by every teacher of quantitative 
analysis. 

ROBERT L. PECSOK 
UNIVERSITY OF CALIFORNIA 
Los ANGELES 24, CALIFORNIA 


RHEOLOGY: THEORY AND 
APPLICATIONS. VOLUME I 


Frederick R. Eirich, Editor, Polytechnic 
Institute of Brooklyn. Academic Press, 
Inc., New York, 1956. xiv + 761 pp. 
Many figs., tables, and equations. 16 x 
23.5 cm. $20. 


Tus book, the first of three volumes, 
concerns itself with the theoretical devel- 
opments in the broad field of rheology, the 
science of deformation and flow.  Ac- 
cording to the editor, the purposes are to 
distill the prolific literature on the subject 
and condense it at one place, not only for 
easy reference to rheological concepts, but 
to promote the concept of the “essential 
unity’’ of the field. 

The first task was accomplished. 
Twenty-three authorities have summar- 
ized their fields well. The chapters are 
well documented, each has an individual 
table of contents as well as a nomen- 
clature appendix, and the index is com- 
prehensive. Some authors have borrowed 
heavily from review articles, and in a few 
cases previously unpublished work ap- 
pears. Approximately one-half of the 
references have been published since the 
last war. 

Rheology has developed as the nee:! arose 
in a variety of fields, as a glance at the 
table of contents shows. Various ¢)iipters 
discuss such diverse areas as finite )lastic 
deformation, mechanical properties and 
imperfections in crystals, mecianics! 
properties of metals, some rheological 
properties under high pressures, t!:cores 
(Continued on page A286) 
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a - MODERN CHEMISTRY FOR THE ENGINEER AND SCIENTIST 
as Edited By G. ROSS ROBERTSON, University of California, Los Angeles. 456 pages, $9.50 
vell as The work of 19 nationally-known chemists, both academic and industrial, this volume should have wide 
-° appeal to all chemists and chemical engineers. Its aim is to make them aware of the rapid advancement 
an in the pure science and industrial applications of chemistry. Beginning with a discussion of the funda- 
The mental principles of physical chemistry, the work gradually extends with industrial examples and then 
vain treats the applications of chemistry to life. Emphasis is on the newer fundamental methods of kinetics. 
thermodynamics, mechanism of reaction, etc. 
nts or 
hors in 
Bea MODERN INSTRUMENTS IN CHEMICAL ANALYSIS 
ome By FRANK M. BIFFEN, Johns-Manville Research Center; and WILLIAM SEAMEN, American 
ater Cynamid Company. 334 pages, $7.50 
ee This new text gives a scientifically accurate explanation of modern instruments for chemical analysis, 
; with emphasis on the working of the instruments and their application. It gives an understanding of the 
g, the principles upon which their operation and use are based, commercial sources of the instruments, and how 
rough to carry out analyses with them. The book, without departing from true scientific principles, simplifies a 
to the mass of material on the more complex instrumentation of today which helps analytical chemists and 
siders- many general chemists understand the reason for, the working of, and the results that can be obtained 
Litative with the newer instruments. 
ECSOK 
EPOXY RESINS: Their Applications and Technology 
By HENRY L. LEE and KRIS O. NEVILLE, both with the Epoxylite Corp. Ready in August 
A comprehensive guide to the new field of epoxy resins, covering the chemistry of their preparation and 
technic their applications in industry. Application techniques are discussed, handling characteristics are con- 
Press, sidered in detail, and the methods for characterizing both cured and uncured resins are presented. 
me Includes five self-explanatory chapters on applications, preceded by seven background chapters. 
chum, INTRODUCTION TO STATISTICAL ANALYSIS 
devel- 
yg’, the By W. J. DIXON and FRANK J. MASSEY, both of the University of California, Los Angeles. New 
. ss Second Edition. 488 pages, $6.00 
Ss are lo 
subject An excellent revision of one of the most popular of mathematical statistics texts. With no calculus pre- 
only for requisite, it has been adopted in a variety of situations ranging from business administration to chem- 
pts, but istry and agriculture. It presents the basic concepts of statistics in a manner which will show the student 
sential the generality of the application of the statistical method. Much material has been brought up to date, 
plished with the latter chapters expanded to include several important topics. 
ters are 
dividual DAIRY PLANT MANAGEMENT 
nomen- 
i. a By Paul R.. TRACY, University of Illinois; GEORGE D. ARMERDING, Mojonnier Bros. Co.; and 
> HAROLD W. HANNAH, University of Illinois. Ready in August 
In a 
ork ap Written by leaders in dairy plant management, it covers all aspects of the subject, including plant 
of the design, equipment purchase, personnel, accident prevention, and advertising. Emphasis is on the hand- 
ince the ling of both men and machines, with increased management efficiency as its objective. !t is designed 
ia for college students majoring in dairy technology as well as for those in industry. 
APOSe 
> at the 
phiapters 
dagen SEND FOR 
jes an¢ 
cant COPIES | McGRAW-HILL BOOK COMPANY, Inc. 
pe ON APPROVAL 330 West 42nd Street, New York 36, N. Y. 
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Basic to Dependable 
Lab Ware -VITREOSIL 


The most exacting needs of 
laboratories throughout the 
world are most eminently 
and successfully met by 
Vitreosil ware (pure fu 
silica) produced to the high- 
est standards of quality. 
Chemical purity, high re- 
sistance to heat shock, un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cost com- 
to platinum are some 
eatures of Vitreosil fused 


In addition to our unusually 
large stock of transparent 
and opaque, including 
unglazed cruci- 
les, evaporating dishes, 
beakers, tubing and rods in 
all diameters and sizes, we 
offer prompt fabrication of 
special items. 
Write t , givi 
quirements or ask for 
illustrated bulletin. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dover, New Jersey 
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Recent Sooke 


of viscosity, the statistical mechanical 
theory of irreversible processes in solutions 
of macromolecules, birefringence, and 
acoustics and the liquid state. However, 
rheological properties of liquid helium were 
overlooked. What rheology lacks is a 
generalized equation of state. Under these 
conditions is it any wonder systematic 
nomenclature is lacking in the field and 
each chapter of the book tends to stand 
aloof? 

As in most books that have many 
authors, the quality of the presentation 
varies considerably. If any chapter is to 
be singled out, the one entitled Viscosity 
Relationships for Polymers in Bulk and 
Concentrated Solution may be praised and 
recommended for reading by chemists. 

This first volume, beautifully appointed, 
is designed primarily as a reference to the 
theories of rheology, while the next two 
volumes will be concerned more with the 
techniques and applications. As a refer- 
ence, it is recommended to university 
physics libraries and those industrial 
laboratories that plan to utilize the next 
volumes. 


EMERSON GARVER 
Tue CoLueGe oF WoosteR 
Wooster, On10 


pH MEASUREMENTS: THEIR THEORY 
AND PRACTICE 


Victor Gold, Reader in Physical Organic 
Chemistry, King’s College, University of 
London. John Wiley & Sons, Inc., New 
York, 1956. 125 pp. 11 figs. 6 tables. 
11 X 17.5 cm. (Methuen’s Monographs 
on Chemical Subjects) $2.25. 


Despite the utmost importance of 
pH measurements, general agreement 
concerning the standardization and inter- 
pretation of such measurements was not 


| reached until a few years ago. The 


appearance of this little book is thus 
timely. 

The author sets himself a difficult 
combination of standards: treatment is 
to be practical yet rigorous; no detailed 
knowledge of physicochemical theory on 
the part of the reader is to be assumed; 
the work is to be useful to students and 
research workers in fields as diverse as 
medicine and engineering. To have met 
these standards is commendable enough; 
to do this in the compass of about a 
hundred pages, as the author has done, is 
remarkable. 

In addition to the basic theory, the 
significance of pH measurements in 
relation to ionization equilibria and 
reaction velocities is discussed. The 
limitations of the conception of pH are 
clearly presented and the chief experi- 
mental techniques for pH measurement 
are described. A final chapter dealing with 
solvents other than water brings in the 
acidity functions of Hammett and of the 
author. Main and subsidiary pH stand- 
ards are included in a useful set of tables. 
Printing and illustrations are excellent. 
This compact and readable survey is 
strongly recommended. 

JOHN T. STOCK 
University or CoNNECTICUT 
Srorrs, ConNECTICUT 


VINYL PLASTIC TUBING 
Flexible > Transparent 
Odorless - Tasteless Non-Toxic 


NALGON is a special non-toxic formu- 
lation of the highest grade polyviny! 
chloride and special plasticizers with- 
out extenders or fillers. It has maxi- 
mum chemical resistance, clear water- 
white transparency and absolute flexi- 
bility with dimensional stability. 


1224 (HH) —CYLINDERS, 


GRADUATED-POLYETHYLENE 


Nalgene HH, available in 6 
capacities. This is an entirely 


new graduate manufactured 


as closely as possible to glass 


gr duat specific ti . The 
dimensions are all in accord- 
ance with accepted practice 


for glass graduates. While 


the accuracy is not as good 
as a quality glass item it is 
much better than heretofore 
available in plastic. The bases 
are octagonal to prevent roll- 
ing. These cylinders may be 
autoclaved under standard 
conditions. 
100 «250 ©6500 1000 
5 


3.90 4.50 6.50 8.50 
lots of 12 per size. 


THISTLE TUBE 
Addition Style 
POLYETHYLENE 


A versatile, unbreak- 
able item; saves cut 
hands; universally 
used. - 
Supplied with a special 
6mm diameter 10” plas- 


EACH DOZEN CASE (72) 
price—with stem ... $0.55 $5.52 $25.92 
without 43 4.32 18.72 
For Brochure on Plastic Laboratory 
Supplies. Write Dept. PL-C. 


ACE GLASS INCORPORATED 


VINELAND @ NEW JERSEY 
639-41 SOUTH HANCOCK $I. 
LOUISVILLE, KY. 


Glassware Specialists to Industry and wh 
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We recommend... 


SOLIDS IQUIDS “GASES: SOLIDS 
5 


“The Versatile Desiccant”’ 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient—Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO. per liter. 


Versatile— An all-purpose desiccant. 


Non-Wetting— Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical— Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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New Spinco Continuous-Flow 
Paper Electrophoresis 


High Resolution: Flexibility and Efficiency 
in Paper-Curtain Electrophoresis from Aloe 


The Spinco Paper-Curtain Electrophoresis instrument lends 
itself to separation of all kinds of charged substances: 
proteins, polypeptides, amino acids and other biological 
materials. The unit also handles such organic substances 
as dyes and intermediates. In special cases, non-polar < 
substances such as carbohydrates can be separated. The 
instrument is also useful in following organic reactions, 
and for immunochemical work. Design efficiency has 
been raised; resolution formerly requiring as much as 
1500 volt operation is now made at one third this value. 
Paper-Curtain Electrophoresis offers this basic advantage: 
the processed material travels a unique path and thus 
absorption does not interfere with the purity of the product. 
Because of this, absolute separation can be made and pure 
fractions obtained. The new Spinco paper-curtain instru- 
ment also has the following additional features: 
® Easily assembled and disassembled for cleaning. 
®@ Paper curtain quickly removable for oven drying. 
®@ Wide range of types and thicknesses of curtains. 
® Stability of operation permits unattended operation. 
@ Large samples processed at up to’8 milliliters per hour. 
®@ Small samples processed with virtually no hold-up. 
@ Automatic tube changing permits collection of large 
amounts of pure material. 


For information request Aloe Scientific Bulletin 20-110. 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury, St. Louis 12, Missouri 


LOS ANGELES ® SAN FRANCISCO © PHOENIX 
SEATTLE © DENVER ® MINNEAPOLIS ® DALLAS 
KANSAS CITY © NEW ORLEANS © ATLANTA 
WASHINGTON, D.C. 


A287 


; 
ig 
4664: 
| 
| 
| 
00 
5 
: 
yle 
NE 
eak- 
cut 
sally 
ecial | 
plas- 
thout 
7 
(72) 
15m 
4 
| 


BUCHNER FUNNELS 


Molded of polyethylene 


Sturdy 
two piece 


easily 
cleaned 


THREE SIZES BU-55 BU-70 BU-90 
filter paper size, mm 55 70 90 
approx. cup capacity, ml 75 165 315 
price, each $ 2.75 5.00 6.00 
case 18.00 25.00 21.00 
quantity in case 8 6 4 


through leading supply houses or direct 
ask for latest bulletin describing our complete line 
minimum order $10.00 


PIONEER PLASTICS 


BOX 641 FAR HILLS BRANCH 


Unbreakable 


construction 


DAYTON 9, OHIO of 


a 


Acenaphthylene; Acetobromoglucose,; Acetonedicarboxylie Acid, 
a-Acetylindole; Acetylthiocholine lodide; 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate; 
Adonidine; Alanvigiveine, Alkaloids, 4-Aminopyridine, “Amylase, 
Anserine; Arachidic Acid; Arachidonic Aci 

o-Arsanilic Acid; Atropic Acid 

benzoxychloride; Carnosine; Catalase 

Cery! Alcohol a-Chioralose; 8-Chlioralose; p-Ch 
phonic Acid; p-Chlioromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyacetone Phosphate; Fluorophosphate; Dithicl, 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 


di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
ide; Fructose-6-Phosphate; Gitoxin; Glucoase: Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 


Glycylleucine; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzole Acid; Isoascorbie Acid; Isocitric Acid; lsocytosine; 
K ic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 
le; §8-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 3-Methyl- 


cyt 
t 


“bp 
Tocopherol; 8-Tocopherol 

‘Tropic Acid, Tyron 

biliny Ursolic Acid, Vitemin 


Ask us for others! 


DELTA CHEMICAL WORKS wc. 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


book an excellent one, salis- 
history of chemistry.” 


says LINUS PAULING 
California Institute of Technology 


OF 
THE 


ELEMENTS 


Mary Elvira Weeks, with a chap- 
ter on *“*Elements Discovered by 
Atomic Bombardment” by 
Henry M. Leicester. 


“‘T am sure that every chemist would find it inter- 
esting to read at least parts of the sixth edition, re- 
vised and enlarged, of the book, Discovery of the 
Elements. The book has been brought up to date; 
it contains a discussion of 101 elements, including 
mendelevium. The section on elements known to 
the ancient world has been greatly enlarged, and a 
more detailed discussion is given of elements dis- 
covered during the seventeenth and eighteenth 
centuries than in earlier editions. 


“T have thought of this book as being of especial 
value to the young student of chemistry, in provid- 
ing for him an account of those aspects of the his- 
tory of the chemistry that he can easily appreciate 
and understand, and that are likely to develop his 
interest in science. With over 900 pages, it is 
nearly twice as large as the fourth edition (1939), 
and the various chapters, which may be looked 
upon as nearly independent essays, are in general 
about twice as long as in the earlier editions. 


“The book is an excellent one, satisfying the 
real need for an account of the history of the dis- 
covery of the elements and of related aspects 0! 
the history of chemistry.” 


Sixth Edition, enlarged and revised. 
1956. xi + 910 pp. 16.5 X 24cm. $10.00 


CHEMICAL EDUCATION PUBLISHING CO. 
20th and Northampton Streets, Easton, Pa. 


JOURNAL OF CHEMICAL EDUCATION 


5-2s 


| 
| 
| 
Motio 
losine; ethyinonyiketone; §-Naphthaleneacetic Acid; -Naph- 
Naphthy! Red; Neurine Bromide; 
Be Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; | 
Boa Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
opherol Phosphate, 56s 
vst.) Uridine; Uro- 
| 
a 4 
A288 


-inter- 
on, re- 
of the 
) date; 
‘luding 
ywn to 
and a 
ts dis- 
teenth 


special 
srovid- 
he his- 
reciate 
lop his 
, it is 
(1939), 
looked 
reneral 
S. 


ng the 
he dis- 
ects of 


DEMONSTRATION ABSTRACTS) 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


5se THE STATES OF MATTER. 


SOLUTIONS. 


A. THE THREE STATES OF MATTER. 
MOLECULES 


MOLECULAR WEIGHTS. 


MOTION OF 


Models of kinetic motion 


5-1s 


Rotating discs. 
show atomic vibrations as spots of light. 
T. H., Jr., 12, 353 (1935).) 

(b) A rackwork in a projection lantern shows rotation- 

vibration of diatomic molecules better than (a), author 
claims. (Wutson, C. L., 17, 187 (1940).) 
Vibrating balls. All of these devices consist of balls agi- 
tated in a glass box, usually in a slide-projector, so that an 
image of the simulated motion of molecules is thrown on a 
screen. See articles for details. 

(a) A horizontal glass plate is lowered on bouncing steel 
balls, causing them to bounce more frequently. (AREN- 
son, S. B., for Komnie, A. E., 18, 168 (1941).) 

(b) Balls in a glass box in a projector are shaken by a 
massage-vibrator as a piston is pressed upon them. (Sia- 
BAUGH, W. H., 30, 68 (1953).) 

(c) The projected image of balls of assorted sizes shaken 
on a glass table illustrates mean free path, equilibria, 
properties of gases, liquids, and solids. (Von Arx W. S&., 
22, 57 (1945).) Ditto, for gas laws, equilibria, 2nd law 
of thermodynamics, three states of matter, and osmosis. 
(Frexers, B. A., S. J., and Gipson, G. S., 8S. J., 22, 305 
1945).) Ditto, with many photographs in the article 
showing motion of a perfect monatomic gas, diffusion, 
fluctuation, phase motion, close-packing contraction, 
shearing of metals, crystallizations, and long-chain non- 
metallic molecules. R. H., and McLacHian, 
D., 27, 187 (1950).) 

(d) Brownian motion. Steel balls vibrate, thereby caus- 
ing two larger wooden balls to bounce. (Buack, N. H., 5, 
868 (1928).) 
Suspended balls. 
on magnetized steel rods undergo random motion. 
MANOWITZ, R., 18, 331 (1941).) 


(a) Two motor-driven discs with slits 
(HAZLEHURST, 


Phosphorescent wooden balls suspended 
(Szy- 


Motion in gases 


Motion of vapor. (a) Seal 10 ml. Hg + a dozen small 
corks in a 2.5 X 50 em. test tube; clamp upright over a 
burner; heat: the corks dance in the Hg vapor. (BmL- 
LINGER, R. D., 11, 494 (1934).) 

(b) Ditto, using bits of blue glass, or a pith ball, in an 
evacuated tube. (Hoyt, C.S8., 24, 186 (1947).) 

Brownian motion in an ultra-microscope. Fill a half-inch 
cubic glass cell with tobacco smoke or a sol, place on a 
microscope stage, shoot a beam of light in, observe from 
above: Brownian motion is clearly seen. (Scuarr, R., 
12, 45 (1935), from Z. - chem. Unterricht, 47, 161 
(1934); also ABRAHAMS, H. J., AND BurrzstTeIn, W., 18, 
378 (1941).) 

Mean free path. (a) Place two thin Dumas bulbs filled 
with Br: in two 4-liter cylinders, one glass-stoppered, the 
other with a rubber stopper connected to an aspirator. 
Nearly evacuate the one; break both bulbs: the Bre 
vapor diffuses much more rapidly in vacuo. (ARENSON, 
S. B. ror Fetsina, W. A., 17, 469 (1940). ) 

(b) (1) Gently heat 1g. I: in the lower of two 1-liter 
round-bottomed flasks connected by a narrow tube: the 
tube columnates the iodine to a small spot on the upper 
flask. (2) Invert the system, admit air, heat the spot of 


ATOMIC AND .. 


I,;: the mean free path is now so small that I, deposits 
evenly in the upper flask. (Hoyt, C. S., 24, 186 (1947); 
also HereED, W., 27, 542 (1950).) 

Thermal diffusion. (a) Separation of Br. from He. A 
water jacket surrounding a tube 40 cm. long, with inner 
diameter 34 mm. and an inner tube 40 cms. long with outer 
diameter 12 mm. Inner tube heated by loops of B&S No. 
11 chromel-A wire threaded through twin-bore porcelain 
insulators and controlled by a Variac transformer. Pass 
in a Bre + He mixture at 150 mm. pressure, 800 watt 
imput: noticeable separation in 1 minute, clear column 
in 2 minutes. 

(b) Separation of Brz from air. Same arrangement: 
outer dia. of inner tube, 15 mm.; inner dia. of outer tube, 
31 mm.; length, 70 cms. There is noticeable separation 
in 80 seconds, clear column in 4 minutes. 

(c) Separation of radioactive from non-radioactive gases. 
Same techniques, monitoring with counter at top and 
bottom. See article for theory involved. (WHALLEY, E., 
29, 24 (1952).) 


Motion in liquids 
5-8s Brownian motion. 


See Dem. 5-5s: use this arrangement. 
(a) Strike a carbon arc in a beaker of water: arc appears 
more brilliant under water. Place some of the water in a 
crystallizing dish on a microscope and immerse the lens in 
the water. Send a strong beam of light horizontally 
through the water: Brownian motion. (Fring, L., 8, 
929 (1931).) 

(b) Use a reading glass to focus the beam of a projection 
lantern on the sol. [Doang, H. C., and Dow, W. A., 6, 
1099 (1929).) 

Capillary action. Dye strips of cotton in (a) Na2CO;-aq + 
Congo red, and (b) Na2:CO;-aq. + methyl orange. Dry; 
hang side by side with their lower ends just dipping into 
HCl-aq: the strips change from red to blue, and from 
yellow to pink as the acid rises. (Srone, C. H., 19, 598 
(1942).) 

Diffusion. (a) Place crystals st the surface and the 
bottom of a column of water in a cylinder: compare rates 
of diffusion. (Wares, R. B., 9, 2133 (1932), abstracted 
from Pop. Sci. Mo., 121, 54 (1932).) 

(b) Form two layers of gelatin in a tube, with top layer 
containing a pinch of fuchsin; cover with paraffin to pre- 
vent putrefaction: diffusion is apparent within an hour. 
(GARDNER, J. H., 17, 494 (1940).) 

(c) Place horizontally a Victor Meyer bulb (a chain of 
30 ml. bulbs) with a levelling bulb at one end and a vertical 
tube at the other. Fill with distilled water; put colored 
salt-water in the levelling bulb: the denser salt-water 
works its way along the bottom of each bulb, while the dis- 
tilled water remains in the upper portion, working its way 
back into the reservoir. (THompson, T. G., 6, 523 (1929).) 


THE GASEOUS STATE 


Cryophorus 
5-11s A versatile cryophorus. Connect in series, via 15 mm. 


tubing, three Erlenemeyer flasks with their bottoms rounded 
(A) 250 ml., (B) 15 ml., (C) 25 ml. Add 25 ml. water + 
150 ml. sat. NH,Cl. Boil and aspirate to remove all air, 
then seal apparatus. This gives a system under reduced 
pressure containing only gaseous water vapor. (a) To 
show deliquescence. Transter all of Solution to A; im- 
merse A in hot water, cool C in ice-water: the water vapor 
condenses in C. Allow system to stand: pure water in C 
returns to A, a noticeable amount over-night. (b) As a 
cryophorus. Transfer all solution to A; immerse in hot 


-6s | 
| | 


5-12s Simpler cryophorus forms. 


5-13s A water-hammer. 


5-14s Boyle’s law. PV = k when 7’ is constant. 


water; cool B: a few ml. of water condenses there. - Place 
C in acetone-dry ice: water in B freezes in a few seconds. 
(c) To show saturated-unsaturated.» Continue as in (b); 
eventually solution A, cooled by evaporation, precipitates 
NH,Cl. (d) To show schlieren effect. Project on screen: 
schlieren is observable in A as the temperature drops, and 
on heating A, cooling C. (e) To show water hammer. 
Shake apparatus: as liquid strikes liquid or glass un- 
cushioned by air, a sharp knock results. Distribute liquid 
amongst A, B, C then quickly invert apparatus: noise 
like the cracking of glass results. (f) To show hot molecules. 
Transfer all liquid to A: heat to 80°C.; hold C under cold 
water for two minutes: condensate collects in C. Re- 
move and dry: C warms up rapidly, convincing evidence 
that “hot molecules’ are escaping from the solution. 
(BakeER, P., 27, 617 (1950). ) 


(a) Apparatus consists of 

.. three flasks collapsed on one side, and sealed via 20 mm. 
tubing in a straight line, following which the end flask is 
half-filled with water and the whole apparatus evacuated 
and sealed off. Place acetone-dry ice mush in the empty 
end-flask: the water will freeze. Alcohol may be placed 
in the middle flask and lighted during the process. (BAKER, 
R. A., 25, 259 (1948); also Amer. Phys. Teacher, 7, 424 
(1939).) 


(b) Place the proper amount of benzene, chloroform, or 
bromine in one bulb, immerse in acetone-dry ice mush, 
and evacuate, and seal off. (Baker, R. A., loc. cit.) 


(c) Unusual types. See article for photographs of (1) 
punchbow! and inverted U-types for bromine cryophorus 
and (2) cryophorus containing a paddlewheel at the curve 
of the U-type, operated with chloroform containing a small 
amount of light lubricating oil: the wheel turns about 2 
minutes during the freezing process. (Stone, H. W., 26, 
481 (1949).) Atygea: DANGER; risk of a bromine-filled 
flask breaking in class. 


Make a U-tube with 250 ml. round- 
bottomed flasks at each end; put 200 ml. water in each 
flask; evacuate and seal. Invert the tube suddenly: 
the columns of water clack noisily (hammer effect). (BAKER 
R. A., 16, 247 (1939). ) 


Physical laws of gases 


Articles are 
arranged chronologically and must be consulted for details. 
See particularly demonstrations a, b, f, h. 


(a) Raise a levelling bulb, attached to a eudiometer 
tube, to different heights (Mortimer, F. S., 4, 781 (1927); 
also ARENSON, S. B., for Carmopy, W. R., 17, 434 (1940). ) 


(b) Add weights to a bicycle pump piston: the volume 
of air in the pump changes. (THEIMANN, T., 12, 45 (1935), 
abstracted from Z. phys. chem. Unterricht, 47, 166 (1934).) 


(c) U-tube manometer with aspirator. See Sch. Sci. 
Rev. 16, 226 (1934); details not given in abstract. (WuHIsH, 
C. A. E., 12, 247 (1935).) 


(d) Flow gas from a 5-liter flask into an evacuated flask; 
the decrease in pressure in one flask equals the increase in 
pressure in the other. (Morris, S., and Heapues, A. J. 
W., 12, 355 (1935).) 

(e) Place an empty veterinary syringe inside of a flask; 
halve the pressure in the flask: the volume in the syringe 
doubles. (Hays, E. E. and Gustavson, R. G., 16, 115 
(1939).) 


(f) Connect a manometer and four round-bottomed liter 
flasks in series; force water into one flask: the pressure 
increases to 4/3rds. Fill two flasks: the pressure doubles. 
(Dutton, F. B., 18, 15 (1941).) 

(g) Place an empty balloon inside of a flask; evacuate 
the flask: the balloon expands. (Lisx, G. M., 18, 346 
(1941).) 

(h) Run butyl phthalate (12.96 cm. = 1 cm. Hg) or 
light oil from a buret in 5 ml. portions into a stoppered 
flask containing Hg and a tube which serves as a manom- 


5- 


5-16s 


15s 


eter; read pressure changes. (Sremnspacu, O. F., an! 
Conery, G. F., 21, 216 (1944).) 

(i) A Hg manometer leads via capillary stopcocks :y 
two chambers of different sizes. One chamber is eva:- 
uated by aspirator or by charcoal cooled in liquid a'y. 
Show (1) action of a barometer, (2) adsorption of gases | 
charcoal, (3) laws of Boyle, Gay-Lussac, and Dalton, (}) 
v.p., mol. wt., and heat of vaporization. (Martin, D. };., 
21, 383 (1944).) Atyra: it would be well to spread « ut 
the parts on a board, otherwise it seems too complex |») 
the beginner. See also Devor, A. W., 22, 268 (1945). 

(j) Attach weights via a pulley to a 100 ml. glass hy},0- 
dermic syringe. (Hickey, F. C., O. P., 21, 491 (1944).) 

(kK) See article for apparatus, which includes a ring-se| 
flask. (Munueman, G. W., 25, 21 (1948).) 


Charles’ law. V = kT when P is constant. 

(a) Heat a flask in a bath at 75°C., then insert a 1-hole 
stopper with 6 mm. tubing leading to a beaker of waiter; 
cool flask to room temperature; water sucks into the flask. 
Pour this water into a graduate to find change in volume. 
(Bowers, W. G., 2, 605 (1925). ) 

(b) Note the volume of gas in a 100 ml. hypodermic 
syringe at room temperature and when immersed in ice- 
water. (Hickey, F. C., O. P., 21, 491 (1944).) 

(c) With most of the apparatuses described in 5-14s 
Charles’ law can be tested by placing the flask of air in ice- 
water and in boiling water and noting the volume change. 
See 5-14s for (a), (h), (i). 

(d) Small-bore tube strapped open end down to a 
thermometer immersed in oil over burner. Note volumes 
in tube at room temperature and at 100°C. (DAMERELL, 
V. R., 32, 534 (1955). ) 


Deviation from ideal gas laws. Laboratory experiments, 
not a demonstration. (a) Record successive weighings of 
a cylinder of gas as measured volumes of gas are released; 
from this calculate the deviation from the ideal gas. 
(Waener, H. B., 26, 278 (1949).) 

(b) Allow CO, at 100 atmospheres pressure in a thermo- 
stated cylinder to expand and fill an evacuated, smaller, 
cylinder; record the new equilibrium pressure on a Bour- 
don Gauge. Evacuate the second cylinder and repeat the 
cycle down to pressures of a few atmospheres. Plot this 
uniform increment decrease in pressure to show deviation 
of CO, from ideal gas behavior. See article for calcula- 
tions. (Baron, J. D., and Warson, G. M., 31, 74 (1954).) 


Graham’s law of effusion. (a) Diffusion. Invert a Mason 
jar of H, over two spark-gap posts; strike an are: explo- 
sion occurs only after some delay, i.e., after O2 diffuses in 
to form an explosive mixture. (Lisk, G. M., 8, 242!) 
(1931).) 

(b) Liquid flow. Measure time for liquid to flow out of 
a vessel attached to a (1) gas supply or (b) air. Diagram 
in Metan 9, 203 (1925), not in abstract. (Nrx1et M., 6, 
387 (1929).) 

(c) Flow through a capillary. Measure time it takes for 
different gases to flow through a capillary from one flask 
to an evacuated flask: rates are directly proportional to 
the square roots of the densities of the gases, Graham’s 
law of diffusion. (Morris, S., and Heapues, A. J. W., 
12, 355 (1935).) 

(d) Water spurt. A simple, quantitative method; sec 
article for diagram, details, sample calculations. (1) Water 
is allowed to spurt from a fine hole in a tube at the bottom 
of a large bottle (Mariotte flask) and the amplitude o! the 
spurt measured on a horizontal meter stick h ems. |)elow 
the bottle. (2) A porous cup is coupled to the air-space 
above the water in the bottle, and a beaker of H, inverted 
over the cup: the amplitude of the spurt is changed by a0 
increase of pressure due to H: diffusing into the porou- cup. 
See article for sample calculations which show that the 
amplitude with different gases is proportional to their 
velocities. The density of H: relative to air can thus be 
measured. (Leroy, L. F., 25, 215 (1948).) 


(Continued in July issue) 
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1957 Second Edition — Completely revised 


By ARMAND J. COURCHAINE 


Since this text appeared a few years . 
ago it has steadily gained recognition 
and popularity for the survey courses 
offered to undergraduates in college 
chemistry. 

The new edition has preserved the 
features which made the first book a 
slandoul while at the same time the 
author and editor have accomplished 
an exceptionally fine job in bringing it 
thoroughly up to date. 
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Kern Laboratory Supply Co., Dept. B-3 
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EQUIPMENT SERVICES 
o-NITROBENZALDEHYDE Save Money With 


$30-100 g.; $140-500 g.; $260- Kg. 

20 (3) METHYLCHOLANTHRENE 
$6.50 -g.; $30-5 g. 
MALONONITRILE 
$6-100 g.; $25-500 g.; $45-Kg. 
ACETAMIDINE- HCI 
$4-10 g.; $30-100 g.; $115-500 g. 
WE DO CUSTOM ORGANIC SYNTHESIS 

.H. & 8S. CHEMICAL CORP. 


168 EATON ST. 
BUFFALO 8, N. Y. 


RADIOACTIVE ISOTOPES 
FOR EDUCATION 


Available in limited quantities 
WITHOUT A.E.C. LICENSE 


at Low Cost 


Write for Price List and 
Suggestions on Radiation Safety 


ATOMIC RESEARCH LABORATORY 
10717 Venice Boulevard Los Angeles 34, Calif. 


ABCO ———~, 
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Epoxy Butyl Stearate 
Epoxidized Fatty Acids 
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ABCO CHEMICAL COMPANY 
68 Fleet St. Jersey City 6, N. J. 
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@ Magnesium Ethyl Sulfate 
@ Magnesium Gentisate 
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COMPLETE CATALOGUE 
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3673. 


THOMAS CHROMATOGRAPHY CABINET, 
Formica, with vapor-tight, hinged cover, for pre- 
paring two-dimensional paper chromatograms by 
descending or ascending techniques. Formica is 
practically unaffected by solvents generally used, 
and its resistance to corrosive properties of mineral 
acids and their salts is superior to Stainless steel 
at room temperatures. 


The cabinet frame and cover are 1-inch plywood 
bonded to white Formica inside and outside to 
provide adequate insulation under normal condi- 
tions. Inside dimensions are 2534 inches long x 19% 
inches wide x 271% inches deep, with double-paned 
glass window in one end, 1714 inches high x 11% 
inches wide. Black phenolic plastic fittings are built 
in for 4 solvent assemblies which take 8 sheets of 
suitable paper up to 1814 x 221% inches. Swivel 
casters and two handles permit ready positioning, 
but in use four adjustable leveling feet carry the 
weight and fix location. Satisfactory working posi- 
tion, with level solvent troughs, is attained by 
adjusting feet in conjunction with two liquid levels 
mounted on cabinet. 


The cover, sealed by means of a Neoprene 
gasket, is attached by means of a nickel-plated brass 
piano hinge with limit chains at both ends to 
facilitate handling, and has two trunk latches 
which insure tight closure. Four openings, 14-inch 
diameter, in the cover, fitted with Neoprene stop- 
pers, size No. 00, facilitate replenishment of sol- 
vent during a run; a drain pipe in bottom permits 
flushing as required. 


The complement of glassware included with complete 
cabinets consists of 4 Glass Troughs, 645 mm long x 35 
mm wide, with round bottom, capacity approximately 
245 ml; 4 Anchor Rods, effective length 590 mm, 
diameter 8 mm, with bent ends for convenient handling; 


QUALITY AND SERVICE 


A.H.T. CO. 


PHILA, USA 
LABOSATORY APPARATUS 


ali-purpose cabinet ... 


Detailed descriptive bulletin sent upon request. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on a 


CHROMATOGRAPHY 


CABINET 


Of white Formica both inside and outside 
—corrosion-resistant throughout 


With built-in leveling dev'ces 


Swivel casters and handles to facilitate 
rolling under a bench, etc. 


8 Anti-Siphon Rods, 650 mm long x 7 mm diameter, 
with glazed ends; and two Glass Tra .~ Pyrex brand 
glass, 18 x 12 x 2% inches inside depth. Pe «mage 
cabinets also include a plastic rod to prevent tipping of 
troughs, 24 Paper Clips of Stainless steel, 6 Neoprene 
Stoppers, size No. 00, 6 ft. Neoprene tubing, 14-inch 
bore, to drain cabinet, and Pinchcock, 34 inch size. 
Height overall, with cover closed, 3114 inches. 

3673. Chromatography Cabinet, Formica, Thomas, 
complete with assortment of accessories, as above de- 
scribed, but without paper or siphon for drainage 300.00 


3673-B. Ditto, but without accessories other than one 
plastic rod to prevent tipping of troughs........ 238.7 


JOHN CHROMATOGRAPHIC 
SPRAY BOTTLE 


An ingenious spray tube provides uniformly fine mist 
or spray, as required for paper chromatography, from 
a wide variety of liquids with high or low viscosities, 
different vapor pressures, etc. Sprays 
paper areas up to 23 inches square 
conveniently from a distance of ap- 
proximately 3 ft. when connected with 
source of air pressure of 3 lbs. per 
square inch. 


Instantaneous control of spray is 
provided by applying thumb to a 
%%-inch vent in rear of the spra ay tube. 
Spray tube is of Pyrex brand glass, 
with permanently attached plastic 
screw cap size No. 24 which fits com- 
mercial narrow mouth, screw neck 
bottles. Overall height 714 inches; 
takes rubber tubing 14-inch bore. 


9186-R2. Spray Bottle, Chroma‘ographic (Atom- 
izer), John, (Patent pending), as above de- 
scribed, with spray tube, screw cap and 8 oz. 
glass bottle, but without air pump or rubber 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 
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New titles for your fall classes 


By James S. Fritz and George S. Hammond, both at Iowa 
State College. Written specifically for classroom use, this 
book reflects the authors’ conviction that the analysis of 
organic compounds by selective, functional group reac- 
tions is a powerful and expanding field of analytical 
chemistry. 

Major stress is given to formulating and explaining 
basic principles. The invention of new analytical 
pee to meet new situations is also emphasized, and 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS, Fourth Edition 


By Glenn E. Jenkins, Purdue University; Walter H. 
Hartung, Medical College of Virginia; Kenneth E. Hamlin, 
Jr., Abbott Laboratories; and John B. Data, Purdue Univer- 
sity. Completely revised to reflect developments of 
recent years. This new edition continues to give students 
a rational system of chemical classification for organic 
medicinal compounds, covering natural as well as syn- 
thetic compounds. Emphasis is placed on the relation- 
ee between chemical structure and physical properties 
and physiological activity. 


THERMODYNAMICS FOR CHEMICAL ENGINEERS, Second Edition 


By Harold C. Weber, and Herman P. Meissner, both of 
The Massachusetts Institute of Technology. Like its well- 
known predecessor, this new edition covers the principles 
and applications of thermodynamics from the viewpoint 
of both the engineer and the chemist. This broader point 
of view makes possible translation of findings from 
chemical laboratories into the economical production 
methods of the modern industrial plant. The second 


ENGINEERING PROPERTIES AND APPLICATIONS OF PLASTICS 


By Gilbert Ford Kinney, U.S. Naval Postgraduate 
School, Monterey, Calif. A clear, unified description of the 
major characteristics of plastics—the newest of the engi- 
neering materials. The various Fagen are described 
separately more or less in the order of increasing com- 
plexity. A unified treatment, rather than a topical ap- 
proach, permits the principles, concepts, and terminology 


SOLVENT EXTRACTION IN ANALYTICAL CHEMISTRY 


By George H. Morrison, Sylvania Electric Products, Inc.; 
and Henry Freiser, University of Pittsburgh. Fills the long- 
felt need for a comprehensive treatment of this field. 
The authors offer a generalized theory to show the simi- 
larity between the many metal extractions reported. 

The first part is devoted to the principles of solvent 
extraction and their classification. The second section 
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QUANTITATIVE ORGANIC ANALYSIS 


Send today for examination copies. 


JOHN WILEY & SONS, Inc. 


considerable space is devoted to the reasoning that cap 
be applied to the choice of methods and the proper plan. 
ning of trial experiments. 

Material includes direct and indirect acid-base meth 
ods, oxidation-reduction methods, spectrophotomerric 
analysis, methods of achieving analytical separations, 
kinetics, and other techniques of quantitative analysis 
1957. Approx. 296 pages. Illus. Prob. $6.00. 


Special features of the fourth edition: covers the mos 
recent developments in the areas of the antibiotics, 
tranquilizing drugs, oral insulin products, antihist- 
amines, and other medicinal agents; gives emphasis, 
where possible, to the in vivo reaction and fate of medic. 
inal compounds; and presents one of the most recent 
brief treatments of sterioisomerism. 1957. Approx. 55) 
pages. 133 illus. Prob. $10.00. 


edition includes an expanded treatment of fluid flow, 

lus descriptive chapters on power cycles, engines, tur 
ines, and refrigerators. Many illustrative exampls 
with solutions and many new sudiivane-deiget to 
make the student think rather than calculate—make the 
book more useful than ever before. 1957. Approx. 5I/ 
pages. 152 illus. Prob. $8.00. 


to be established in the simpler cases, and utilized in 
treatment of the more complex materials. 

Separate chapters describe methods for fabrication, a 
well as the mechanical, electrical, optical, and thermal 
es ew of these materials. Also provided is an ab 

reviated survey of the type reactions of organic chem: 
Illus. 


Prob. $6.50. 


istry. 1957. 278 pages. 


is concerned with the practical aspects, including app+ 
ratus and techniques. The third part contains a valuabk 
survey of the many individual extractions arranged in: 
logical pattern. The last section provides a selection @ 
procedures for the extraction of elements. 1957. 2 
pages. Illus. $6.75. 


New York 16, N. 


JOURNAL OF CHEMICAL EDUCATION 


| 
N. W 
| » 
Harri 
4 
HLH, 
ty 
4 
4 
4 
Ord 
> 
Indi 
R 
4 
4 
Colleg 
: 
{ 
' 
20th 
150 VEARS 
AD 
| 
may 


hat can 
er plan- 


e meth- 
ometric 
rations, 
nalysis, 


he most 
ibiotics, 
in tihist- 
nphasis, 
f medic- 
t recent 
prox. 


id flow, 
nes, tur- 
xamples 
gned to 
rake the 
prox. 517 


lized in 


1tiON, as 
thermal 
s an ab 
ic chem: 


ng 
valuable 
ged in’ 
ction ol 
57. 


VOLUME 34 


Guly, 1957 


NUMBER 7 


JOURNAL OF 


CHEMICAL EDUCATION 


Published by the 
. DIVISION OF 
CHEMICAL EDUCATION 
OF THE 
AMERICAN CHEMICAL 
SOCIETY 


Treasurer 
WILLIAM F. KIEFFER 
Editor 
Benjamin F. Gould 
Advertising Mgr. 
Harriet B. Schroeder Asst. to the Ed. 
C.S. Fleck Asst. Business Mgr. 


BOARD OF PUBLICATION 


M. G. Mellon P. W. West 
H. H. Sisler G. W. Smith 
W.F. Ehret N. W. Rekestraw 


EDITORIAL BOARD 
dohn L. Abernethy 
Fresno State 
Fresno, 
J. Arthur Campbell 
Oberlin College 
Oberlin, Ohio 
Karl Dittmer 


Frederick B. Dutton 
Mi an State University 
East g, Michigan 
Laurence S. Foster 
Ordnance Materials Research Otfice 
Watertown Arsenal 
Watertown, Massachusetts 
William G. Kessel 
Indiana State Teachers College 
Terre Haute, Indiana 
Kenneth A. Kobe 
of Texas 
Austin, Texas 
Henry M. Leicester 
College of Physicians and Surgeons 
¢ California 
Arthur H. Livermore 
; Reed College 
Portland, Oregon 
Ralph E. Oesper 
University of Cincinnati 
Cincinnati, Ohio 
Calvin A. VanderWerf 
University of Kansas 
Lawrence, Kansas 
Elbert C. Weaver 
Andover, Massachusetts 
BUSINESS & PUBLICATION 
20th and Northampton Streets 
Easton, Pennsylvania 
EDITORIAL OFFICE 
College of Wooster 
Ohio 


The Boron Hydrides, Bernard Siegel and Julius L. Mack............ 


Some Aspects of Organic Molecules and Their Behavior. II: Bond caeagean, 


314 


318 
Technique for Preparing Lantern Slides, J. A. Southern......... 
Textbook Errors, Guest Column. XIII: The Nature of Ionic and Molecular 


A Simple and Efficient Device for Cleaning icstons eae 


Recollections of William Ostwald, My Father, Walter Ostwald Capeteet sad 

Preparation of Carbonate-free Bases, Jack E. Powell and Maynard A. Hiller... 330 
Mendeleev's Visit to America, Henry M. Leicester............... 331 
The Numbers and Structures of Isomers of Hexacovalent Congieaen. ed 

Assignment of D and L Prefixes to the Tartaric Acids,........ 

Hubert Bradford Vickery..................... a 339 
Logarithmic Triangular Charts—II, Jorge Guerra........................ 341 
Imperfections in Crystals. II: Color Centers, Dislocations, Phonons, and Excitons, 

An Experiment to Determine a Photochemical Quantum Yield, 

Arthur A. Vernon and George S. Forbes..................... 350 
A Laboratory Program in Physical Chemistry, Emil J. Slowinski, Jr...... 351 
Chemical Research in Liberal Arts Colleges, 1952-56, John R. Sampey ... 352 
The Spirit of Technological Research, FE. V. McCollum....................... 354 
Aids in Teaching Stereochemistry: Plastic Sheets for Plane Projection Diagrams, 

Proceedings of the Pacific Southwest Association of Chemistry Teachers 

A Chemistry Course for High-school Teachers, Richard H. Eastman... . 356 
Report of the New England Association of Chemistry Teachers 

Microchemical Apparatus: A Long-term Project, John T. Stock. . 358 
a 313 Letters to the Editor. . . 362 


Out of the Editor's Basket........ A305 Recent Books....... o 363 
Chem. Ed. Tested Demonstrations. A303 Advertiser's Index....... . A327 
Demonstration Abstracts, Hubert N. Alyea.................. A313, A314 


Subscription Price: Domestic $3.50 per year; Canada $4.00; other countries $4.50. Issued monthly. 
Single copies of issues in current year, 50¢ each; all other single copies, one dollar. Remittances and 
orders for subscriptions should be sent to Busi & Pub Office, 20th and Northampton Streets, 
Easton, Pa. Foreign remittances must be accompanied by International Money Order. 


No claims for copies of journals lost in the mails can be allowed unless such claims are received within sixty 
(60) days of the date of issue and no claims can be allowed for issues lost as a result of insufficient notice of 
change of address. Manuscripts for publication should be directed to the editor. Prospective authors are 
urged to avoid writing and to observe the forms outlined in our Notice to Authors as it appears on 
——— of the Dec. 1956 issue. Entered as second-class matter, - Rage ee 31, 1924, at the Post Office 
a 


m, Pa., under the act of March 3, 1879. Accepted for m ailing at special rate of postag vided 
for in Section ‘1103, Act of Oct. 3, 1917, ph 31, 1924. tyes 


JOURNAL 
and History of Ch: 


CHEMICAL EDUCATION is the official organ of the Divisions of Chemical Education 
and incorporates t the Report of the New Association of Chemistry 
e 


and the Proceedings ‘of the Pacific S emistry T. it is 
Shocstnn Index, Industrial Arts Index, and, in part, in the Suan Cumulative Index Sedhons. 


© Copyright, 1957, by Division of Chemical Education, A i Chemical Societv 


| 
N. W. Rakestraw Chairman 
H. H. Sisler Chairman-elect 
F. Baxter Secretary 
Florida State University 
Tallahassee, Florida 
ADVERTISING OFFICE 
err 
N y ew York 36, N. Y. 
JCATION 


BUILD RACKS, 
SHELVES, BINS 


to your own 
specifications! 


Erecta Shelf is especially suited for heavy 
loads and where air circulation is impor- 
tant: walk-in refrigerators, supply rooms, 
laboratories, freezers, etc. Ideal for hospi- 
tals, laboratories and institutions. 


Individual units require no nuts, bolts or 
screws. Double units join by simple clamp. 
Notched wires slide easily into place. As- 
sembled in minutes, positive locking, 
sturdy, rigid construction, plated after fab- 
rication. Shelf spacing as desired in intervals 
of five inches. Corrugated bracing gives 
unusual strength. All rods are welded. 


“Railroad Bridge” design that gives 


GHELF 


Adaptable Shelving for Industrial and Commercial U 
SHEL VES—NO. JC95232 


WIDTH LENGTH 


se 


WEIGHT 


unusual strength to these heavy 12” 
duty shelves. More than 12” 
one hundred welds 12” 


per shelf for added 
rigidity. In 12” and 


18” 


18” widths, and can 18” 


All have diagonal braces for sturdiness, open con- 2 
struction and welded double-end wires for greater 12” 
strength. Horizontal wires spaced 5” apart for 12” 
shelving rests. All uprights have adjustable legs. 12 


be doubled for in- 18” 
creased width. 


UPRIGHTS—NO. JC95234 
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...now a semi-micro 
Organic preparation 
sets in QUICKFIT 
INTERCHANGEABLE 
GLASSWARE 


Because of the increase in popularity 
of semi-micro techniques in the 
educational field, Arthur F. Smith 
Company presents 2 complete 
semi-micro organic preparation sets. 


NO. 3MU — STANDARD SET: 


comprised of 14 basic assemblies; 

60 components; mounted; complete with 
support clamps, tubing, 

10/30 interchangeable joints; weighing 
only 14 lbs.; measures 28” long 

by 8” deep by 16” high. ..$175.00 


NO. 10BU — STUDENT UTILITY SET: 


comprised of 8 basic assemblies; 
20 components; developed from Portable 
Standard Set. No. 3MU; furnished in a 


i compact dual-purpose box 9” x 11” x 2%”, 
for storage and re-assembly as a 
support stand for the glass. .. $59.50 


The Quickfit portable laboratory was conceived by 
Dr. J. T. Stock and Mr. M. A. Fill of 

Norwood Technical College, London, and who 
collaborated in design, testing and trial 

work with the staff of Quickfit & Quartz, Ltd. 


Available at better laboratory supply houses, or Dept. JCE-7 


ARTHUR F. SMITH COMPANY 


311 ALEXANDER STREET, ROCHESTER 4, NEW YORK 
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Photo-Nephelometry measures haze and turbidity 
in liquids, at extremely low concentrations 


Clurity of Whiskey, Beer, and Other 
Beverages 


One of the most widespread and effective 
applications of Coleman Photo-Nephelom- 
etry is the measurement of haze in whiskies, 
wines and other beverages. Evaluation of 
filters and filter media and the control of haze 
in bottled whiskies is now a standard pro- 
cedure throughout the distilling industry. 
Nephelometry precisely predicts the final 
clarity of the finished product. 


Sterility of Biologicals 


The measurement and control of clarity and 
sterility of parenterals such as Penicillin, 
Streptomycin, Dihydrostreptomycin, Neo- 
mycin Sulfate, and Vitamin Solutions is an 
important use of Nephelometry. 


Precipitates in Industrial Waters 


Purity and suitability of industrial waters and 
other liquids is easily evaluated with the 
Nephelometer, especially at very low concen- 
trations. For example: Electric generating 
plants now use Coleman Nephelometers for 
the evaluation and control of feed waters for 
high pressure boilers. Control is accomplished 
by Nephelometric measurement of calcium 
(Range 0.0-0.5 PPM) in the feed water. 


Bacteriological Growth Rates and 
Effects of Nutrients and Inhibitors 


In bacteriology the study of the effects of 
nutrients and inhibitors on growth rates of 
bacteria has been given new impetus and sig- 
nificance by the simplicity and precision of 
the Nephelometric method. These studies 
include a wide variety of bacterial types, 
including: Leptospira, Actinomyces Bovis, 
Tubercle Bacilli, Esch. Coli, Staphylococci. 


Measurement of Oils and Fats 


The Nephelometer is useful in determination 
of butter fat content in dairy products, and 
has similarly been helpful in assay of choles- 
terol in blood chemistry. 


A Precise Notation for Haze 
The Coleman Nephelos Standards used with 
a Coleman Nephelometer provide an accurate 
numerical notation system. Haze data can 
be expressed on a fixed, numerical scale to 
set standards or reproduce procedures. 


A302 


Operation is simple. Routine work can easily 
be handled by people with limited training. 


Coleman Certified NephelosStand- Two models. Coleman Nephelom 
ards express entire haze range on a ___ eter (Model 7) for Nephelomctry, and 
continuous numerical scale. Coleman Nepho-Colorimeter (M 
9) for Nephelometry and Colorimett; 


COLEMAN NEPHELOS SYSTEM 


for complete data . . . write 
Dept. B. Coleman Instruments, Inc., 318 Madison St., Maywood, Il 
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INDICATORS AND pH A Oh TESTED 
él DEMONSTRATION 
Submitted by: Richard L. Barrett, New Mexico College of Agri- 


culture and Mechanic Arts 
Checked by: Lawrence W. Thompson, Shelby High School, 
Shelbyville, Indiana 


PREPARATION 


Arrange in pairs ten glass cylinders of convenient size about 
4/s full of water. To each pair add one of the following indi- 
cators: Thymolphthalein, phenolphthalein, phenol red, brom- 
thymol blue, and methyl red (the latter preferably modified 
with methylene blue). Add to the thymolphthalein cylinders 
an amount of NH; aq. to produce the deep blue color of the 
indicator and add the same amount to each of the other cylinders. 
Break up dry ice to lumps of fairly uniform size. 


DEMONSTRATION 


Quickly drop a lump of dry ice into one cylinder of each 
pair, leaving the other cylinder unchanged for comparison. As 
CO, dissolves the pH falls and the indicators change color in 
turn. The pH does not go low enough to complete the change 
of methyl] red but the demonstrator can do this by finally adding 
HCl dropwise. 


REMARKS 


This demonstration has the advantage that large cylinders may 
be used to make the color changes visible to all students in the 
largest lecture room. Dry ice provides an effective means of 
agitating the contents of tall cylinders in other experiments as 
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COLORED CLOCK REACTIONS ¢ Chem fd 


University 
Checked by: 


Roger Wheaton, Michigan State University 


PREPARATION 


Prepare Solutions A—20 g. sodium metabisulfite, 3 g. sodium 
sulfite anhydrous, water to make 1 liter; B—90 ml. formalin 
solution (37%) diluted to 1 liter; C—Phenolphthalein indicator 
(10 g. phenolthalein in 500 ml. 95% ethyl] alechol and water to 
make 1 liter). Obtain two 400-ml. beakers, two 50-ml. graduates, 
and a medicine dropper. 


DEMONSTRATION 


To 150 ml. distilled water in a beaker add 50 ml. of solution 
A, 1 ml. indicator and then 50 ml. of solution B. Start stop 
watch on addition of solution B. Time the appearance of a red 
color. Repeat starting with 200 ml. of distilled water. Use 
25 ml. each of solutions A and B. Compare elapsed time. = 


REMARKS 
The reactions are reported as! 
(1) HCHO + HSO;- — CH,O080,;- 


(2) HO + HCHO + SO;-- CH,OSO;~ + OH- 
(3) OH- + HSO;- 8O;-- + H,0 


mi an Reactions (1) and (2) are rate determining, but reaction (3) is vir- 
er (1 tually instantaneous. Thorough stirring is essential to obtain 
sharp color changes 
rd B-21i. Pp ges. 
VARIATIONS 
Thymolphthalein or other indicators may be used for differ- 
ent color changes. If universal indicator is used, a series of 
colors may be observed. If a cadmium nitrate solution is sub- 


stituted for distilled water, the change is from colorless to white. 
The reaction time may be shortened by raising the temperature; 
a 10°C. rise doubles the rate. 
‘ood, Ill: SOURCE 

Adopted from CuismMan, D.G., The School Science Review, 38, 
CATION 100-1 (1956). 


1 WaGneER, CaRL, Ber., 62, 2873-7 (1929). 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


NEW APPARATUS & EQUIPMENT 


» The development of a new multi-range 
vertical strip chart recorder which is de- 
signed for laboratory bench operation is 


first halogen sensitive instrument to 
offer the sensitivity stability and quick 
recovery time needed to assure conven- 
ient and reliable leak detection. 


p> A new finger-tip fluid dispenser just 
introduced by Palo Laboratories, Inc., 
81 Reade St., New York 7, H. Y., is easy 
to use and prevents loss or contamination 
of all types of liquids. Called the Corinth 
Finger-Tip Fluid Dispenser, it can be 
drop-calibrated for quantitative delivery 
of milliliter amounts and will deliver 
one pint or more per minute when fully 
opened. 


p> Laboratory Furniture Co., Inc., Old 
Country Road, Mineola, L. I., New 
York, announces a “‘Safe’n Easy’’ remote 
control for changing air flow for fume 
exhaust during operations. 


> Quartz Products Corp., Box 628, 
Plainfield, New Jersey, now makes avail- 
able an “Epiradiator’’ for remote evapo- 
rating and drying by infrared radiation. 


> Consolidated Type 21-611 Mass Spec- 
trometer is a new easy-to-operate precision 
instrument built to provide an accurate 
but inexpensive small-size model for 
medical, industrial and university appli- 


now available from E. H. Sargent & Co., 
4647 Foster Ave., Chicago 30, Illinois. 
The instrument is an automatic, self- 
balancing potentiometric recorder which 
measures voltages or current and graphi- 


of time. 


» A new, low-priced vapor phase ana- 
lyer for gas chromatography, which will 
perform virtually all the operations of 
more costly instruments, is announced by 
Central Scientific Co. For further in- 
formation, write Centra] Scientific Co., 
1700 Irving Park Rd., Chicago 13, Illinois. 

The same company announces a com- 
pletely redesigned line of noiseless and 
vibrationless high vacuum pumps known 
as Hyvac 2, 7, and 14. 


> A new, self-contained, portable milli- 
voltmeter recorder for survey work has 
just been announced by The Bristol Co. 
of Waterbury 20, Connecticut. The 
instruments incorporate a wide variety of 
ranges and can thus be used to study 
practically any condition encountered in 
survey work which involves the measure- 
ment of voltage and current. 


> The Westdah! Instrument Co., Mil- 
lington, New Jersey, announce the avail- 
ability of a new Analysis and Control 
Unit for Gas Chromatography. The 
unit is especially designed to allow ana- 
lysts to use their own columns and the 
means they desire for adding samples. 
Recorders for this use are also available. 


> The Ohaus Scale Corp., 1050 Com- 
merce Ave., Union, New Jersey, announces 
4 new line of Heavy Duty Solution 
Balances. These new models feature a 
convenient weight carrier rack to store 
the attachment weights within quick 
reach of the operator at all times. 


> A new, low-cost, leak detector, which 
detects and locates a leak so small that it 
will admit less than two cubic inches of gas 
per year, is announced by NRC Equip- 
ment Co., 160 Charlemont St., Newton 
Highlands 61, Massachusetts. The NRC 


| Model 4802 Vacuum Leak Detector is the 
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LABORATORY FICIENCY 


Ih, 
MINI~=LAB 
SAVES TIME—SPACE— 
Originally introduced by Ac 
with $ 14/35 joints. 

Additional assemblies 


nents added in 1954, and 
verted to $ 14/20 size. 


_ Now, in 1957, Ace 


components, and ma 
equipped with $18/19 jo 
the most versatile line of 
small-scale glassware 
available. 


é Also in stock at our Midwestern Division, 
Lovisville, Ky., Box 996. Sad : 


ACE GLASS.INCORPORATED. 


VINELAND a@nN JERSEY 
3 Midwestern Divi 


/. LOUISVILLE, KY.—Box 996 | 


Speciatists ta Vudustry dud Research 


Editor's 


cation. Information can be obtained 
from Consolidated Electrodynamics Corp., 
300 No. Sierra Madre Villa, Pasadena, 
California. 


> Stabiline Automatic Voltage Regulator 
type TM7101 maintains constant output 
regardless of line voltage or load fluctua- 
tions. It has no tubes, transistors or 
moving parts and is available from the 
Superior Electric Co., Bristol, Con- 
necticut. 


p> A new line of all-molded polyethylene 
jars, the first such items ever to be 
molded with extra-heavy thick walls, has 
just been announced by the American 
Agile Corp., Box 168, Bedford, Ohio. 
They are available in either conventional 
branch polyethylene or linear polyeth- 
ylene, the latter designed for those 
applications where high temperature and 
high tensile service is required. 


> The Model TH-300 Millimicrosecond 
Time-to-Pulse-Height Converter offered 
by Eldorado Electronics Co., 1401 Middle 
Harbor Blvd., Oakland 20, California, 
provides a convenient new method of 
measuring milli-microsecond time inter- 
vals. Designed to measure time intervals 
in the range 0.25 milli-microsecond to 1 
microsecond, the instrument in 
practice achieved resolution times in the 
order of 40 micro-microseconds. 


p> Tracerlab, Inc., 1601 Trapelo Rd. 
Waltham, Massachusetts, announces the. 
availability of its Model TGC-14 Carbon 
Counter, a high sensitivity thin window 
flow counter for low energy beta emit ‘ers. 
The carbon Counter has a small sensitive 
volume, a large window area and an ultra- 
thin mylar window, which properties 
combine to give it a high efficiency and ap 
unusually low background. 


NEW LITERATURE 


@ Kewaunee Manufacturing Co., 5014 
So. Center St., Adrian, Michigan, has just 
published a new 48-page catalogue de 
voted exclusively to Fume Hoods. Py. 
fusely illustrated with installation photo- 
graphs, product pictures, elevation and 
roughing-in drawings, it includes exten. 
sive engineering data and recommenda- 
tions, operating characteristics, and oper- 
ating cost comparisons. 


@ Compact, pocket-size, fully illustrated, 
the newest edition of the Fisher Manual 
of Laboratory Safety covers accident pre- 
vention, first aid, fire prevention, and 
safety equipment, and concludes with a 
safety bibliography. It also has a section 
on handling radioactive materials, as well 
as the use of isolation units for hazardous 
microbiological and clinical procedures 
Available from Fisher Scientific Co., 309 
Fisher Building, Pittsburgh 19, Pa. 


@ A new 32-page booklet on stainless 
steel sheet and strip which gives detailed 
information on these products is now being 
distributed by Allegheny Ludlum Steel 
Corp., Oliver Building, Pittsburgh 22, Pa. 
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NALGO 


Sy 
NALGON TUBING* is saving time NS 


and money in plants and laboratories 
everywhere. Perfect flexibility, high chemical 
= resistance, absolute safety, true transparency and 


excellent dimensional stability prove efficiency in use . 


. and it’s 


economical too! The 4” i with \.” wall sells for less than 15c 
per foot. You'll find NALGON easy to handle and available in all 
sizes from 4%” i through 2” D. Ask vour dealer for catalog E-956 
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@ City Chemical Corp., 132 West 22nd 
St., New York 11, N. Y., announces 
availability of over 300 rare and unusual 
chemicals; brochure on request. 


@ The Cuno Engineering Corp., South 
Vine St., Meriden, Connecticut, has 
recently released a new folder, Catalogue 
No. &4-102, covering its complete line of 
filters and filtration systems for use in 
nuclear power and research applications. 


@ The May issue of Silicate P’s & Q’s, 
Philadelphia Quartz Company’s monthly 
house organ, mentions 22 widely accepted 
uses for the sodium and potassium sili- 
cates. Complimentary copies will be 
sent by writing Philadelphia Quartz Co., 
1158 Public Ledger Building, Philadelphia 
6, Pennsylvania. 


@ A new 8-page technical bulletin, V-200, 
on the Vidigage, an ultrasonic resonance 
instrument used for fast, non-destructive 
testing, is now available from Bransom 
Instruments, Inc., 3700 Brown House Rd., 
Stamford, Connecticut. 


@ Emersol Stearic Acids is the title of a 
new, 24-page booklet being offered by 
Emery Industries, Inc., Department §, 
Carew Tower, Cincinnati 2, Ohio. 


@ A 16-page bulletin, Properties of Selected 
Commercial Glasses (B-83), has been com- 
pletely revised and is now available from 
Technical Products Division, Corning 
Glass Works, Corning, New York. 


@ Copies of the brochure, Stauffer Sul- 
furs, which describes production, refining 


(Continued on page A309) 


| of informative news and pictures, 
featuring stories on laboratory instrumen- 
tation. It describes two new products, 
the Zcromatic and Pocket pH Meters, and 
how « Beckman DK-2 Spectrophotometer 
plays detective at the track in spotting 
“wild’’ (doped) horses. Write to Scien- 
tific Instruments Division, Beckman In- 
struments, Inc., Fullerton, California. 


@ Presenting Lithium, a fifteen-page tab- 
bed booklet, has just been issued by the 
recently formed American Lithium Insti- 
tute, P. O. Box 549, Princeton, New 
Jersey. The booklet describes the proper- 
ties, uses, research potentials and avail- 
ability of lithium and its unique com- 
pounds and discusses the function of the 
Institute itself. 


@ A new bulletin entitled Koppers BHT 
Antioxidant has been issued by the Chem- 
ical Division of Koppers Co., Inc., 1450 
Koppers Building, Pittsburgh 19, Penn- 
sylvania. The bulletin describes the 
advantages of employing butylated hy- 
droxy toluene as an antioxidant for the 
storage stability and vitamin retention of 
farm feeds, and for use in such human 
foods as are subject to oxidation. 


@ The latest edition of the Barrett chart 
Products Derived from Coal, more complete 
than ever, is now available from Barrett 
Division, 40 Rector St., New York 6, N. Y. 


Practically indestructible! 


NALGENE POLYETHYLENE 
CARBOYS AND BOoTTLEs provide 
reliable protection from breakage 
in handling caustics and acids. 
Good-looking, light, easy to handle, 
chemically inert and heat resistant 
they’re extremely useful in 
plants and laboratories. 
1208—CARBOYS ASPIRATOR 

with %” all polyethylene 

needle type spigots. 


Sizes Available: 2 gal, 5 gal, 6% gal, 
13 gal. Priced from $19.80 to $37.80 each. 


1206—BOTTLES, ASPIRATOR 
with serrated tubing outlet. 


Sizes available: 32 oz, % gal, 1 gal, 2 gal, 
5 gal, 6% gal, 13 gal. Priced from $2.65 
to $28.75 each. 


Ask your dealer for catalog E-956 


ROCHESTER 2. NEW YORK 


WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 
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Now in 


the J-M colored 
asbestos-cement 
table top 


Colorlith is now regularly supplied in a 
rich, red bbown—Cameo Brown. This new 
material developed by Johns-Manville 
especially for laboratory table tops, 
brightens the working area, making the 
laboratory an attractive place in which 
to work. 

Colorlith resists most chemicals, acids, 
alkalies and solvents. Its physical proper- 
ties greatly exceed those of commonly used 
table-top materials. Combining impressive 
tensile, shear and compressive strengths, it 
resists shattering and flaking, withstands 
impact. Colorlith is readily machined with 
metal-working tools. 

Colorlith is also available in Charcoal 
Grey as well as Cameo Brown through 
leading manufacturers of laboratory equip- 
ment. For their names and descriptive 
folder, EL-62A, write Johns- 
Manville, Box 14. New York 16, JM, 
N. Y. In Canada, Port Credit, Ont. LY] 


Johns-Manville 
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Quality 
ina 
Medium Priced 


Oven! 


A popular size, incorporating attractive 
appearance and durable construction, 
typical of the quality of all time-tested 
BOEKEL LABORATORY APPARATUS 


PLEASE SPECIFY VOLTAGE AND 
CURRENT 
Boekel Number 1078A 


Alse makers of 


Autoclaves, Incubators, Ovens, Pipette 
Washers and Dryers, Desiccating Cabi- 
nets, Baths, Petroleum Testing Equipment 
and Laboratory Accessories. 


For Laboratory Drying and Conditioning 


CONSIDER THESE FEATURES! 


e Polished stainless steel framework. 


e Strong spotwelded construction. 
e Rigid high-insulation value walls. 


e Adjustable ventilators, top and bottom. 
e Bimetallic thermostat, control switch and pilot light. 
e Working chamber inside 18” high x 17” wide x 14” deep. 
e Explosion-proof door catch with streamlined chrome handle. 
e Galvanized expanded metal shelves, bound with stainless steel. 
e Overall outside dimensions 27%” x 18%” x 162” deep. 
e Temperature range possible; room to 180°C. 


SEE YOUR LABORATORY SUPPLIER NOW! 


Serving science since 1868 


Manufacured by WM. BOEKEL & CO., INC. 


PHILADELPHIA™6, PA. 
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Editor's Basket 


and uses as well as tabulations of physical 
and chemical properties are available from 
Stauffer Chemical Co., 390 Madison Ave., 
New York 17, N. Y. 


@ Anew, Rare Chemicals catalogue listing 
hundreds of rare organic and inorganic 
chemicals and rare metals for use in re- 
search and production has just been 
released by Kern Chemical Corp., Depart- 
ment B-3, 8639 Venice Blvd., Los Angeles, 
California. 


@ The Annual Digest of Technical Papers 
for 1956 published by U. S. Steel is a 
booklet which lists 61 reports, articles, 
and talks prepared in 1956 by scientific 
and administrative personnel of the Cor- 
poration. Copies are sent out on request 
by the Public Relations Department of 
U. §. Steel, 71 Broadway, New York 6, 


@ Spectrochemical Analysis Sources is a 
24-page brochure, the second in a series of 
handbooks published by Hilger and 
Watts Ltd., can be obtained by request 
fom the Information Service of the 
Jarrell-Ash Co., 26 Farwell St., Newton- 
ville 60, Massachusetts. 


@ Arecently issued 16-page price list and 
product index covers over 400 items of 
industrial and laboratory high vacuum 
equipment including standard compo- 
nents, packaged systems and engineered 
plants manufactured and sold by NRC 
Equipment Corp., 160 Charlemont St., 
Newton Highlands 61, Massachusetts. 


ec. O. Bartlett & Snow Co., 6200 
Harvard Ave., Cleveland 5, Ohio, an- 
nounce availability of Bulletin No. 117, 
Research and Pilot Plant Equipment for 
Drying and Calcining. 


@ New Freeze-Drying Laboratory Equip- 

nent is the subject of a 4-page brochure 

just published by Arthur S. LaPine and 

a 6001 South Knox Ave., Chicago 29, 
inois. 


@ Sargent Booklet 57 is a catalogue of 
Laboratory Instruments for Science and 
Industry now available from E. H. 
Sargent & Co., 4647 W. Foster Ave., 
Chicago 30, Illinois. 


@ Schwarz Laboratories, Inc., 230 Wash- 
ington St., Mount Vernon, New York, 
manufacturers of biochemicals and radio- 
chemicals, lists ten new products (five new 
radiochemicals) in the new 1957 price 
list covering over 90 biochemicals and 70 
radiochemicals. 


MISCELLANY 


% Teachers College, Columbia Univer- 
sity in a survey on reasons for current 
enrollment trends in science asked 1000 
high school teachers and administrators 
their opinions. The quality of teaching 
led all other reasons for science enrollment 


(Continued on page A311) 
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Self-Contained Hot-Wire-Type 
GLASS TUBING CUTTER 


Produces Clean, Straight Breaks 
in Tubing up to 3 inches in Diameter 


Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is required. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4!/, x 9 inches high. 


Each, $29.50 
W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880———— 
1515 SEDGWICK STREET, DEPT. D-1 CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


“For Scientists Everywhere” 


New! 
KROMO-TOG°® 


For Gas and Vapor- Phase 
CHROMATOGRAPHY 


© Routine Analysis in 
_ Any Laboratory! 
© Process Control in 
Manvfacturing ! 
Bench or panel-mount anywhere . . . uses 


metal columns of various lengths . . . 
analyzes gases or liquids, even liquids 


Fractions collected easily, individual 
Only 24° x 16° x 13 temperature control of cell and columns, 
BUILD-UP DESIGN finest detector cell available and other 
Accessories can be exclusive Burrell features. You'll get un- 
added to basic unit expected accuracy and thoroughness far 
faster than ever before. 


Cat. No. 340-30 — $795. for Basic Unit * Ask for Bulletin 831 


F. O. B. PITTSBURGH, PA. @ Trademark 
BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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THE NEW SARGENT 


$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into therubbersupporting disks and so assures clean breakout. 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


POWER 
BORER 


Designed and manufactured by E. H. Sargent & Co. 


PRECISE 
BORING 
IN SECONDS 


Fast and Easy To Use 
Accurate Smooth Holes—You can bore as many 


Efficient Boring 


holes as the area of the cork or stopper will allow. 


insures Parallel Alignment of Borings 
Compact —Portable —Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 1344 inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
115 volt, 60 cycle A. C. circuit ............... . . . $150.00 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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changes by a wide margin. Other reasons 
were well prepared guidance counselors, 
favorable home environment, publicity on 
needs and opportunities in industry. 
Can this idea be extrapolated to the 
college level? 


Bellman Publishing Co., Box 172, 
Cambridge 38, Massachusetts, announces 
the availability of a new monograph in 
their series on Vocations and Professions 
entitled The Pharmaceutical Industry at 
$1.00 per copy. 


*% Plans recently adopted by the Board 
of Trustees of Mellon Institute in Pitts- 
burgh call for a major expansion of 
fundamental research in that institution. 
The imperative need for this type of 
research is widely recognized. There is no 
intention to drop applied research but to 
develop a healthy collaboration between 
applied and fundamental research. 


* The National Bureau of Standards has 
discontinued distribution of the following 
radioactivity standard samples of short- 
lived radioisotopes which are now commer- 
cially available: NBS Standard Sample 
No. 4916 Phosphorus-32: NBS Standard 
Sample No. 4917 Iodine-131: NBS Stan- 
dard Sample No. 4918 Gold-198: NBS 


™ Standard Sample No. 4923 Sodium-24: 


NBS Standard Sample No. 4933 Potas- 
sium-42. 

Standardized samples of these nuclides 
may be obtained from the Nuclear- 
Chieago Corporation, 223 W Erie St., 
Chicago 10, Illinois. The standards to be 
issued by this firm will be derived from 
comparisops made with the primary 
standards of the National Bureau of 
Standards. The firm, however, has ac- 
cepted full responsibility for the standardi- 
zation of the samples that it distributes. 


* Dr. Arthur T. Biehl, Technical Di- 
rector, and Robert Mainhardt, General 
Manager, announced recently that various 
university professors in training at the 
Aerojet-General Nucleonics plant ex- 
perienced what may be described as the 
“visual truth’’ of the now popular phrase, 
“mass-produced’’ reactors. For the first 
time in nuclear history, three reactors 
situated side by side, were in simultaneous 
operation. 


% Antibiotics may find their next big 
market as food preservatives. Two prod- 
ucts, American Cyanamid’s Acronize, and 


Charles Pfizer’s Biostat, have been cleared - 


by the Food and Drug Administration for 
use In extending the storage life of poultry. 
he cost is approximately '/. cent per 
bird. In some parts of the world where 
refrigeration is almost unknown, this 
technique has enormous potential. Even 
in the United States annual bacterial 
‘poilage is estimated at $120 million. 
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represent the greatest advance in trip 
balance construction in many years. 
In addition to other fine features is the . 
UNDIVIDED TARE BEAM and POISE 
which makes possible direct reading of net value 
thereby greatly increasing the utility of these fine 
new balances. 


TARE CAPACITY: 160 GRAM 


. 1050 COMMERCE AVE. 
UNION, NEW JERSEY 


EW 


DAIGGER ECONOMO 
LABORATORY 
STIRRER 


ONLY 


$17.40 


Quantity 
Discounts 
Available 


*Sparkless 
*Constant 
Speed 
*Totally 
Enclosed 
Motor 


available. 
S$ 6250J Economo Utility Stirrer 


159 W. Kinzie 
Chicago 10, 
illinois 


This economical stirrer fills the need for all medium duty 
stirrer applications. Rigidly constructed. Has sparkless, 
induction type motor in a fully enclosed, dustproof hous- 
ing. Speed 1550 rpm at full-load. Collet-type chuck 
will take any '/, inch stirring rod. Zinc plated steel rod 
is built on for ease in mounting to any type support stand. 
Cord is supplied with snap-action On-Off switch. For 
115 Volts, 60 Cycies, A.C. Complete line of accessories 
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good balances 
help whole lab 


“Recently I was discussing 
balances with a group of my 
chemist friends. During the 
session I realized more fully 
that the balance was a pretty 
important lab tool. 

For example, what other 

lab instruments can give 
you 6 or 7 significant figures 
like an analytical balance... 
and gravimetric methods 

are ubiquitous. 


“And when you get down 

to fundamentals and get into 
things like making standards 
or calibrating glassware, 

a balance really proves 

its worth. So, all ‘the little 
things’ that go into a balance, 
to assure accuracy, are 
important to you because a. 
real good balance saves 
trouble all over the lab... 
that’s why so many of my 
customers prefer Ainsworth.’ 


call your laboratory 

- salesman...he can give you more 
information about Ainsworth 
proved and improved balances 
and weights... 


or for free catalog 
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5-18s 


5-19s 


5-20s 


5-21s 


5-22s 


CATION 


5-17s Graham’s law of effusion. 


DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION. (1924-1956) by Hubert N. 


5s- THE STATES OF MATTER. 
SOLUTIONS. 


ATOMIC AND 
MOLECULAR WEIGHTS. 


(Continued from June) 
THE GASEOUS STATE (Continved) 
(Continued) 


(e) Leak through a pin-hole. These are more suited to 
laboratory experiment than demonstration; see original 
papers for details of apparatus and calculations. Gas is 
allowed to leak through a pin hole in metal foil and the 
rate of pressure change on a manometer read. See WENAaS, 
P. E., 8, 2257 (1931); Srerspacn, O. F., and Conery, 
G. F., 21, 216 (1944); and Werner, 8., and Jounson, D., 
26, 599 (1949). The apparatus by Steinbach and Conner 
is simplest; details follow. Fifty ml. of dibutyl phthalate 
or light motor oil is placed in a 250 ml. Pyrex pressure flask 
with stopcock on it side-arm; a 2-hole stopper is inserted, 
carrying a 25 ml. pipette and a stopcock on the lower end 
of which is cemented an Al foil in which a pin-hole is made 
with a sharp-pointed needle. Force dry air into the flask, 
pushing the manometer liquid above a mark on the upper 
stem of the pipette; open the stopcock: the air now flows 
out through the pin-hole, and the liquid in the manometer 
drops. Record time for the liquid to flow from the marks 
on the upper and lower stems of the pipette. Repeat using 
CO.. The time of efflux of air: CO. = the molecular 
weights of air: CO.. A 1% accuracy is possible. 


Raoult’s law of vapor pressures. See article; a laboratory 
experiment. The v.p. of a liquid is measured by floating 
it on water inside of a graduate inverted in a beaker of 
water. The liquid vaporizes and increases the volume 
of the confined gas; from this increase the v.p. of the liquid 
can be calculated. Measurements are made on benzene, 
on ether, and on stated ether-benzene mixtures; these re- 
sults permit a check on Raoult’s law. (Harris, F. E., and 
Nasu, L. K., 32, 575 (1955).) 


The law of combining volumes of gases (Gay-Lussac) 


Na + HBr. In a closed system drop Na-amalgam into a 
500 ml. cylinder of HBr gas, prepared from Br. + red P + 
H.O: a beautiful pyrotechnic display results. Invert the 
cylinder in water: the NaBr dissolves, leaving 250 ml. 
of Hz. (James, T. H., 12, 87 (1935).) 


O. + NO. Connect in series by glass and rubber tubing 
with screw clamps three flasks (a) 1000 ml. NO, prepared 
from dil. HCl + NaNOs, (b) 500 ml. O2, and (c) 2000 ml. 
H.O. The tubing in (c) which leads into (6) should extend 
to the bottom of (c); all other tubing should end at the 
stoppers. Blow a small amount of water from (c) into (6), 
forcing some O, into NO: reaction commences and con- 
tinues, forming NO... Water is sucked in and fills both 
(a) and (b) as 2 volumes of NO react with exactly 1 volume 
of Os, and the resultant NO. dissolves in the water. 
(DANNELLY, C. C., and Lasn, M. E., 27, 618 (1950).) 


Thermal properties of gases 


Coefficient of expansion. Introduce dry air into a 200 ml. 
bulb completely immersed in a water bath and leading to 
a Hg manometer. Record pressures at 20°C. and 100°C.; 
calculate coefficient of expansion. (CHapin, W. H., and 
Maxson, R. N., 2, 490 (1925).) 

Determining C,/C,. Drop a perfectly spherical steel ball 
of appropriate diameter into a vertical glass tube 1.6 cm. 
id. X 65 em., passing through a rubber stopper into a 5- 
liter bottle with bottom tubulature containing the gas to 


5-23s 


be measured: The ball oscillates in the tube with a period 
of about one second. Measure the period for one vibra- 
tion to within 0.1 sec. See article for calculations. (Rvu- 
CHARDT, E., 6, 1823 (1929), abstracted from Physik Z., 
30, 58 (1929). ) 

Joule-Thomson coefficient. Allow CO, or N:» to diffuse at 
one or two atmospheres pressure through a sintered glass 
plate to a region of lower pressure; measure the tempera- 
tures before and after expansion, using thermocouples. 
See paper for calculations and apparatus. (Hecurt, C. E., 
and ZIMMERMAN, G., 31, 530 (1954).) 


Vapor pressure 


5-24s Vapor pressures of pure liquids. 


5-25s 


(a) A U-tube made of 
two lengths of 8 mm. tubing connected by a rubber tubing 
has a side-arm with a 20 ml. reservoir near the top of one 
limb. Ether is placed in the reservoir, Hg poured into the 
U-tube up to the side-arm, and the limb evacuated and 
sealed off above the reservoir. A resistance wire wrapped 
around the side-arm tubing keeps ether from condensing. 
Place the reservoir in water baths at different temperatures, 
and read off the vapor pressures. (Smitu, W. R., and 
RipGety, G. H., 15, 145 (1938).) ALyEa: instead of seal- 
ing off, attach a stopcock to the reservoir and evacuate 
through that. 

(b) Make a manometer with a funnel and stopcock at 
the top of an 8 mm. tubing 1 meter long, projecting 
into a 50 ml. bottle of Hg; mount on a board that 
can be tilted. Tilt, aspirate until the Hg reaches the stop- 
cock; close; turn tube upright: a Toricelli vacuum is 
produced. Introduce into this vacuum, through the 
funnel, liquids to demonstrate vapor pressure: ether, oxalic 
acid in ether, ther liquids. (ARENsoN, S. B., for Carmopy, 
W. R., 17, 434 (1940).) 

(c) Seal up, ina 2mm. capillary tubing 1 meter long, a cm. 
length of Hg with a cm. length of liquid of known v.d. on 
on one side, and a em. length of liquid of unknown v.d. on 
the other. Heat in a bath: the liquids vaporize, and the 
Hg will move,indicating the relative v.p. of the two liquids. 
See article for calculations. (Kay, L. J., 17, 580 (1940).) 

(d) Place three bell jars, to which manometers are at- 
tached, over evaporating dishes containing H2O ethanol, 
and ether: the relative v.p. are apparent. (WeEavmr, E. 
C., 22, 339 (1945).) 

(e) Introduce liquids into the barometer tube with a 
glass plunger syringe with bent hypodermic needle. 
(Herron, F. Y., 27, 194 (1950).) 

(f) A jacket of hot liquid contains a mercury U-tube 
manometer with a side-arm with removeable bulb in 
which unknown liquids can be placed; vaporization at 
various temperatures shows v.p. (CoueaTs, 8S. O., and 
WueEaty, R. D., 32, 484 (1955).) 

(g) Smith-Menzies static type: the pressure in a tube 
containing solid or liquid unknown is balanced against an 
external manometer; see diagram in article. (LEONARD, 
J. M., and Butrman, J. D., 33, 623 (1956).) 

V.P. of binary liquids. (a) Distillation. Distill 1 vol. 

pyridine + 3 vols. H,O into a graduate: distinct layers 

collect, each coming over at different temperature ranges. 

(Epetstern, 8. M., 13, 272 (1936).) 

(b) Distill chloroform + toluene through (1) a simple 
still, and (2) a column packed with glass beads: tbe boil- 
ing point curves for the two distillations are markedly dif- 
ferent. (Arenson, 8. B., for Kinney, G. F., 17, 434 
(1940). ) 

(c) Partial miscibility. Take refractive index measure- 
ments on distillates of mixtures of water + n-amy! alcohol 
to give temperature-composition diagrams; authors claim 
better results than with the water-isobuty] alcohol reported 
by Jasper, J. J., and Camppe.t, C. J., and MARSHALL, 
D. E., 18, 540 (1941). (Jaspsr, J. J., FARRELL, L. G., and 
Maporr, M., 21, 536 (1944).) 


. 
‘ 
‘ 
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(d) Heat binary liquids (e.g. benzene-methanol) with 
a resistance wire immersed in the liquid. (Mzxus, F. F., 
26, 230 (1949).) Anyea: DANGER. 

(e) Study nitro-methane + tri-chloro-ethane by (1) 
purification by distillation, (2) confirming purity by time- 
temperature curves, (3) refractive index of mixtures, (4) 
vapor-liquid equilibria by removing samples of distillate 
through a side-arm. (Yu, H., and Hickman, J. B., 26, 
207 (1949); see also 24, 91 (1947).) 

(f) Fractionation. See photographs of glass bubble- 
cap distillation column for separating CCl, + 1.1 mol % 
Iz, and for equilibrium diagrams. (OsBuRN, J. O., 30, 412 
(1953). ) 

(g) See Dem. 5-18s. 

Dissociation pressure of solids. Prepare CaCl,.4NH; by 
passing dry NH; into a few grams of fused CaCl, in a 350 
ml. conical flask cooled in a water bath: the salt swells, 
cracks, and falls toa powder. Place this in a 10 mm. Pyrex 
tube 20 cms. long, insert a loose plus of glass wool near the 
top, and seal on at right angles a 90 cm. length of 2 mm. 
capillary tubing. Introduce a thread of Hg in the capil- 
lary near the bend, using a fine-drawn glass tubing as a 
funnel, and seal the open end. Mark positions along the 
tubing corresponding to 2, 3, 4, and 5 atmospheres pres- 
sure. Protecting the tube with an asbestos shield, heat it 
in an oil bath. Demonstrate: (a) increase in dissociation 
pressure with temperature; (b) reversal of dissociation 
upon cooling; (c) using several of these, the independence 
of dissociation pressure upon the amount of substance 
used. Make also some ZnCl..4NH;, and compare its dis- 
sociation pressure with CaCl..4NH;. (Kay, L. J., 17, 580 
(1940).) 


C. THE LIQUID STATE 
Boiling and liquefaction 


5-278 


5-28s 


5-298 
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Boiling water. Heat water in a distilling flask with side- 
arm attached to suction, read temperature on thermometer 
in neck: water boils around 70°C. (Baker, R. A., 2, 
480 (1925).) 

Boiling liquid air. Place liquid air in a unsilvered Dewar 
flask: air boils quietly for hours. (Baker, R. A., 2, 480 
(1925).) 
Evaporating water. 
sac: rapid evaporation occurs. 
Amer. Chem. Soc., 39, 944 (1917). 
Kuerner, I. 8., 9, 1970 (1932).) 
Liquefying apparatus. (a) See Dem. 20-5. 

(b) Three concentric glass tubes, the outer one to pre- 
vent condensation, the middle one in which the gas is to 
be liquefied, and the inner one containing tbe cooling mix- 
ture. Cooling baths are ice-water, ice-salt, ice-H2SO,, 
(sp. gr. 1.65), and COz-acetone. Gases easily liquefied are 
S02, Ch, N20;, HBr, HI, nitrosyl chloride, 
SO;, MeCl, MeBr, dimethyl ether, ethyl nitrite, MeN H2, 
EtNHp, formaldehyde, acetaldehyde, etc. (RHEINBOLDT, 
H., 9, 155 (1932), abstracted from Z. physik. chem. Un- 
lerricht, 44, 218 (1931).) 

(c) See article for diagrams. Condenser-type for below 
—80°C. Simple arrangement for Cl, (—34.7°), SOs 
(—10°), or NH; (—33.4°). (Wiuson,.E. B., 18, 394 
(1941).) 


Heat water to 70°C. in a collodion 
See Kossr, J., Jour. 
(Tauser, H., and 


Critical phenomena 
5-31s Use ethane, crit. temp. 32.3°C., c.p. 48.2 atmos., crit. 


density 0.203, or chlorotrifluor-methane, c.t., 28.8°; c¢.p. 
39 atmos.; c.d. 0.58. AnyeEa: for safety I have omitted 
CO:, c.p. 72.9 atmos. at 31.0°. (a) Purify by bulb to bulb 
distillation, using a vacuum system and liquid nitrogen 
coolant. Condense and seal the ethane or chloro-trifluoro- 
methane in 8 cm. lengths of 7 mm. o.d./2 mm. i.d. well 
annealed capillary tube; (b) test for safety (CARE, USE 
PROTECTING SHIELD) by dropping the tubes into hot 
water; (c) Fasten two tubes on a Plexiglas disc 1/3,” thick X 
35/s” dia., and pivoted inside a 41/2 X 41/2 X 3/,” Plexi- 
glas box; a hole in the side of the box allows the disc to be 
rotated by poking with a screwdriver. (d) Place the box 
in a projection lantern, and impart a small oscillation from 


the horizontal to the tubes: as the critical temperature is 
approached, from the heat of the lantern, the meniscus 
disappears, with turbulences showing density differences. 
(Hascoop, H. W., 33, 557 (1956).) 


Fluid flow 
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(a) Cut the bottom off a 100 ml. bottle, clamp inverted 
over a 600 ml. beaker, fill with (1) water (2) linseed oil: 
the two liquids flow out in equal times despite the much 
greater viscosity of (2), hydrostatic flow being virtually 
independent of the viscosity of a liquid. (6) Repeat, but 
insert a 1-hole stopper with a capillary 18 cm. long: this 
time (2) takes 40 times longer, since at 26°C. the fluidities 
of water: linseed oil are 114: 2.6 respectively. (c) Run 
(1) 5 ems. oil + 5 cms. water and (2) 10 cms. oil + water 
emulsion through the capillary: (2) will be ten times 
faster. (BineuaM, E. C., 6, 1113 (1929).) 


Osmotic pressure 


5-338 


(a) Prepare a ferric oxide sol (disperse phase a complex 
salt with the formula zFe(OH);.yFeCl; by adding 10 g. 
anhydrous FeCl; + 100 ml. H:O to 100 ml. boiling water. 
Cement goldbeaters skin, using collodion cement, to the 
mouth of a thistle tube cut off at the stem. Fill the bulb 
with the ferric oxide sol using a homemade capillary 
funnel, and attach a 2 mm. capillary tube, a meter long, 
by means of a short rubber tubing to the thistle tube. 
Immerse in distilled water: the liquid will rise in the tube 
about 1.5 cms. per minute. Compare this rate of rise 
with a sol one-third as concentrated: the rate will be 1 /3rd 
as rapid. (Ramsgy, J. W., and Maxson, R. N., 5, 476 
(1928).) 

(b) Bore a 1’’ dia. hole in a large carrot, beet, winter 
radish, or turnip; fill the cavity with heavy syrup or 
molasses. Insert a rubber stopper with a meter-long glass 
capillary tubing; wire in and seal with paraffin. Immerse 
in a beaker of water: the liquid will rise to a height of eight 
feet or more. (Kremers, H. C., 5, 530 (1928).) 

(c) Cover the end of al X 3”’ glass tubing with a layer 
of cellophane; pour in golden syrup, then a layer of colored 
liquid; insert a stopper carrying a capillary tube a meter 
long, so the colored liquid rises slightly in the capillary. 
Immerse the tube in water: the liquid rises. (Harris, 
E. T., 12, 395 (1935), abstracted from Sch. Sci. Rev., 16, 411 
(1935).) 


Solubility 
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Co-solvency. Shake 1 g. sodium oleate powder with 5 ml. 
of propylene glycol in one tube, and 1 g. sodium oleate 
powder with 5 ml. of chloroform in another: the powder 
does not dissolve completely in either solvent. Now mix 
the two and shake: the sodium oleate immediately goes 
into solution. This property is called ‘“‘co-solvency.” 
Other systems are suggested, but this one is best. (PA iv, 
S. R., 23, 182 (1946).) 


Extraction efficiency. (a) Use iodine, yellow in aqueous 
and violet in non-aqueous solution, to distinguish the 
phases in extracting layers of (1) chloroform and NaCl-aq., 
and (2) benzene and water. See article’ for details. 
(Warren, L. E., 10, 248 (1933). ) 

(b) Add 2 ml. of methyl red indicator solution (0.2 g. 
methyl red + 500 ml. ethanol + 500 ml. H:O) to 100 ml. 
H.O. Attempt to extract the dye by shaking 25 ml. por- 
tions of the solution with (1) 25 ml. of ether and (2) 5 ml. 
portions of ether: (1) remains markedly red, whereas (2) 
yields a colorless water layer. (Buanx, E. W., 12, 179 
(1935).) 


5-36s Solubility of gas in liquid. A tube 15 mm. X 40 cms. has « 


stopcock 10 cms. from the top. Fill the bottom chamber 
with gas whose solubility is to be tested; fill the upper 
chamber with solvent, turn the stopeock to allow the so!- 
vent to trickle through the gas. (Watton, J. H., 19, 455 
(1942).) 


(Continued in August issue) 
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Nedek reports on: 


four new sensitizings for an expanding universe ...a clean deal for a liquid of 


Finesse and sensitivity 


Here we are, seemingly hoist in the 
dark with our own photographic pe- 
tard, while in the act of coating pho- 
tographic emulsion on glass to keep 
the astronomers in business. 

Photographic emulsion, the heart 
of the matter, comes here in beakers 
—a little beaker to coat a couple of 
dozen 2 by 10’s, a bigger beaker for 
a dozen dozens of 8 by 10’s to go to 
a man who wants to make sure his 
whole autumn’s observing program 
will be on the same coating. Up to 
now we have listed 104 combina- 
tions of emulsion types and spectral 
sensitizing classes in which we can 
make Kodak “Spectroscopic” Plates. 
Now we have added four sensitizing 
classes for Emulsion Type Ila. 

The lower case “a” means that 
the sensitivity emphasis has been so 
applied as to require the fewest 
hours of exposure to make visible 
the incredibly faint rather than to 
freeze a split microsecond with the 
least burst of brilliance. Emulsion 
Type 103a is even more sensitive 
in this respect, but J/a beats it 
for fine image structure and signal- 
to-noise ratio in the microphotom- 
eter tracings of stellar and galactic 
spectra. 

The new J/a sensitizings are Class 
F, a very uniform one for the whole 
visible spectrum, especially for the 
ted to 680 mu; Class E, with low 


refractive index 1.269...modifying the spectral distribution of radiant energy 


green sensitivity but the highest total 
red sensitivity, peaking at about 645 
mu, and cutting off sharply beyond 
about 660 mu; Class D, the most 
generally useful one for the green 
region to about 630 my; and Class 
G, which provides the highest green 
sensitivity obtainable without ap- 
preciable red sensitivity. 

Astronomers and others who employ 
Photographic sensitivity with this order 
of finesse conduct their negotiations for 
materials with Special Sensitized Prod- 
ucts Division, Eastman Kodak Com- 
pany, Rochester 4, N. Y., which arranges 
for delivery through Kodak dealers—the 
very same, in many cases, who supply 
portrait photographers with Kodak 
Opal Paper on which to picture the lo- 
cal brides. This also requires finesse 
and sensitivity. 


A hydrogenless oddity 


CF;CO 


| 


| 
CF;CO 


With the lowest refractive index 
among Eastman Organic liquids 
(1.269), Trifluoroacetic Anhydride 
boils some 30 degrees lower than 
does Trifluoroacetic Acid (Eastman 
6287). In plain Acetic Anhydride 
(Eastman 4). where intermolecular 
hydrogen-to-oxygen attractions 
strive for a liquid condition as long 
as possible, the BP is 22 degrees 
higher after dehydration than be- 
fore, but when the hydrogens are 
replaced with fluorines, volatility 
reigns. 

Whether or not such oddity as- 
sures Trifluoroacetic Anhydride of a 
future, it already has a past and (for 
all we know) a present. It has been 
made to serve as an unconsumed in- 
termediate for the synthesis under 
mild conditions of various esters 
(including some from solid react- 
ants), long-chain polyesters, ke- 
tones, and sulfones. A British outfit 
has gone to the expense of patenting 
some of these findings. Along a dif- 
ferent line, there is a U. S. patent 
that speaks of reacting Trifluoro- 
acetic Anhydride with acetaldehyde 


his is another advertisement where Eastman Kodak Company 
robes at random for mutual interests and occasionally a little 
‘venue from those whose work has something to do with science 


to yield vinyl trifluoroacetate, which 
is less flammable and much more 
stable to heat and water than vinyl 
chloroacetates. Come to think of it, 
we own that one. 

Anyone who places an order with Dis- ° 
tillation Products Industries, Rochester 
3, N. Y. (Division of Eastman Kodak 
Company) for 25 grams of Trifluoro- 
acetic Anhydride is a valued customer 
of ours. Even if his way of living is 
wholly academic, as soon as our invoice 
for $3.35 plus transportation is paid he 
need feel in no wise indebted to us. 
Should his motive be suspected of being 
ultimately commercial, no salesman will 
call to assess the prospects for selling a 
tank car of it. This is not only a conven- 
ience to him but also to companies that 
sell chemicals by the tank car. About 
3600 other such clean deals are set forth 
in List No. 40 of Eastman Organic 
Chemicals. Want a copy ? Uncidentally, 
it tabulates 39 other available organic 
liquids in order of refractive index from 
1.3289 to 1.7400.) 


Filters: plea and offer 


Once every few years a queer sense 
of obligation compels us to spend 
our hard-earned money on adver- 
tising to acquaint the next cadre of 
technical people with the existence 
of Kodak Wratten Filters. Of these 
precisely dyed little sheets of gelatin 
we offer at present 116 different 
species, and though in truth they 
make little direct contribution to 
our prosperity, they do seem to con- 
tribute to the convenience of those 
who desire to modify the spectral 
distribution of radiant energy by 
simple and reasonably reproducible 
means. 

The data book “Kodak Wratten 
Filters,” which describes them all 
in the fullest, most quantitative 
spectrophotometric and colorimet- 
ric detail, has recently appeared in 
its 19th edition. Kodak dealers sell 
it for 75¢. The one niggardly favor 
we would ask im return for our 
magnanimity in selling the filters is 
that before an order is placed, this 
edition, and not one of its 18 pred- 
ecessors, be consulted for current 
specifications and designations. 


Prices quoted are subject 
to change without notice. 
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Presenting . . . a new addition to the 
distinguished Cartesian Manostat family 
... the #6A. Newly designed with the 
toggle valve an integral part of the 
instrument, it provides absolute tightness 
of the set pressure! 


Like all Cartesian Manostats, #6A 
performs with human-like sensitivity. 
Formerly, new settings had to be 
made every time the system was shut 
down. But now Cartesian Manostat 
#6A eliminates that time-consuming 
operation. Now, once a vacuum has been 
set in the instrument, the system may 
be shut down without disturbing 

the setting. This new feature provides 
simple and fool proof operation. 


toggle valve 
now integral part 
of instrument... 
assures absolute 
tightness of the 
‘set pressure! 


CARTESIAN MANOSTAT #6A 


15077 Cartesian Manostat #6A, all 
stainless steel, delivered with directions 
for use but without mercury. 


95.00 


*Patent Pending 


For Complete Information Write Your Laboratory Supply Deale ’ 


4 
20-26 N. MOORE STREET - NEW YORK 13. NEW YORK 
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You would never intentionally select filter paper that did 
not possess uniformity and dependability to a high degree. 


Those who know, will verify our claim that E-D filter papers 
are uniform and dependable. Moreover, these qualitative 
papers are low in ash content, neutral, and substantially 


free of solubles. 


Many grades are, as a result, extremely acceptable for 


laboratory and research use. 


You can obtain helpful information on E-D grades of filter 
paper, sizes, shapes and retentivity by cutting out and 


sending in the coupon below. Do it now. 


FILTERTOWN 
MOUNT HOLLY SPRINGS PENNSYLVANIA 


THE EATON-DIKEMAN CO. 

Filtertown 

Mt. Holly Springs, Pa. 
Send me free samples of your lab—scientific 
papers, together with information on charac- 
teristics of E-D filter papers. 


MAIL COUPON FOR 
FREE SAMPLES 
AND LITERATURE 
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¢ High Stability 
¢ Low Maintenance 


+ Good Sensitivity 
Long Service 


Only Welch Offers 
All These Features: 


e Patented One-Piece Beam 

e Three Scales Easily Read 
at Eye-Level 

© Stainless Steel Pan with 
Retaining Rim 


e Extra Weights Nested in 
Base 

@ Beam Arrest for Faster 
Weighing 


@ Silver-Gray Hammerloid 
Finish 


4030. TRIPLE-BEAM BALANCE, High Form. 
This balance is recommended for weighing chemicals, 
measuring specific gravity, and for general laboratory 
use wherever high sensitivity is required. It reads 
directly to 0.01 gram and is sensitive to load changes 
smaller than this. Its capacity is 111 grams and 
using the auxiliary weight listed below, the capacity 
can be increased to 201 grams. 


This is a convenient balance. The beam is con- 
structed of one piece, the three scales being at slightly 
different levels where they are easy to read and their 
riders are easy to manipulate. The riders cannot be 
removed and lost. Zero setting is fast because the 
final adjustment—which is often done carelessly be- 
cause it takes so long with other balances—is accom- 
plished by a leveling screw in the base. The usual 
threaded zero-adjusting weight is provided on the 
beam but is needed only for rough adjustment. 


Significant resistance to corrosion has been achieved 
by making every exposed metal part of this balance of 
stainless steel. The base and beam support are 
beautifully finished in durable, easy-to-clean, baked, 
on, silver-gray Hammerloid. 


The gradual deterioration of the knife-edges and 
bearings experienced in other balances has been 


Welch TRIPLE BEAM BALANCE 
All Exposed Parts of Szaceless Steet 


(201 grams 


SENSITIVE TO 
0.01 grams 


No. 4030 


sharply reduced by making the knife-edges of Cobaltite, 
a very hard, non-rusting metal which retains its orig- 
inal true edge for an exceptionally long time. The 
grooved agate bearings are designed and protected in 
such a way that they are rarely damaged. Yet they 
are readily accessible for occasional cleaning. 


The middle scale weighs up to 100 grams in 10-gram 
notched steps, the rear scale to 10 grams in 1-gram 
notched steps, and the front scale to 1 gram by a rider 
sliding over a scale graduated to 0.01 gram. All 
numerals and graduations are etched and filled black. 
An adjustable platform for specific-gravity determina- 
tions, and which may also be used to hold the pan 
from swinging during transportation, is included. 


The balance is 13 inches long and 11 inches high. 
The pan is 4 inches in diameter and removable, and 
the hanger is 10'/, inches high. Each, $27.50 


4031. AUXILIARY WEIGHT. For use on the 1()0- 
gram notch of No. 4030 Balance to increase weighing 
capacity from 111 grams to 201 grams. This weight 
is matched to the balance with which it is to be used 
and should be ordered at the same time as the bal- 


ance. Each, $1.50 
4030C. PLASTIC COVER, For No. 4030. 
Each, $1.10 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


—§—ESTABLISHED 1880———— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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SCIENTIFIC GLASSBLOWING 


By E. L. WHEELER, Department of 

Chemistry, University of California, Los 
Angeles, Calif. 

1957. 

Approx. 490 pages, 

290 illus., 59 tables. 

Approx. $10.00 


A veteran glass blower, research worker and university teacher describes in 
detail the basic glass-blowing skills, and also takes up such subjects as grinding 
glass, glass-to-metal seals, metal plating on glass, purification of mercury, 
high-vacuum technique, and the design and construction of apparatus for 
distillation, chromatography and many other laboratory operations. 


MOLECULES AND CRYSTALS IN INORGANIC CHEMISTRY :2:::::2:mss: 


By A. E. VAN ARKEL, Professor of 

Inorganic Chemistry, University of Leiden, 
Leiden, Holland. 

1957. 279 pages, 

54 illus. $4.75 


PHYSICAL CHEMIST R YW 


By A. J. RUTGERS, University of Ghent, 
Belgium. With a Foreward by P. DEBYE 
and an Appendix, ““The Physical Chemistry 
of High Polymers,” by T. ALFREY, Jr. 


1954. 824 pages, 
137 illus., 92 tables. 
$8.50 


This book is intended for students in their first year of science or medicine. 
It gives a wide insight into organic chemistry by means of a thorough study 
of the heteropolar bond and the correlation of structure and properties which 
can be derived from it. 


“If any physical chemistry book can be called a work of art, certainly this 
text qualifies. In one volume Rutgers covers the entire subject.... The 
order of presentation is conventional but the writing is unique. The author 
has written this book to be read.””—George F. Lindholm in THE VORTEX 


By FRED W. BILLMEYER, Jr., E. I. 

du Pont de Nemours & Company, Wilming- 
ton, Delaware. 

1957. 526 pages, 

185 illus., 49 tables. 

$10.50 


This is the first tertbook giving complete coverage of the physical chemistry 
as well as the organic chemistry of polymers. It covers the preparation and 
properties of plastics, fibers and elastomers, and is up to date through major 
advances made in 1956. 


The Systematic Identification of Organic Compounds. 


Second edition, completely rewritten, re- 
organized and expanded. By NICHOLAS 
D. CHERONIS, Professor of Chemistry, 
Brooklyn College, Brooklyn, N. Y., and 
JOHN B. ENTRIKIN, Professor of Chem- 
istry, Centenary College of Louisiana, 
Shreveport, La. 
1957. 788 pages. 
$9.00 


By SYDNEY SIGGIA and HANS J. 

STOLTEN, Central Research Laboratory, 

General Aniline § Film Corporation, Easton, 
Pa. 

1956. - 258 pages, 71 illus., 

8 tables. $4.50 


The additions, revisions, and reorganization of this book have increased its 
usefulness both to students and experienced workers. It can be used with 
the ordinary equipment available in all colleges and organic laboratories. In 
addition, it includes techniques for small-scale work (semimicro and, in some 
cases, micro). The Tables of Compounds and Derivatives have been greatly 
revised and expanded. The number of exercises and problems, as well as 
bibliographic references, have been greatly increased. 


This book is the outgrowth of a series of lectures, delivered by the senior 
author, with great acclaim, to a number of academic and industrial organiza- 
tions. It can be used as a textbook. Chemical and instrumental approaches 
are surveyed, and the basic principles of each approach, the type of informa- 
tion yielded, and the use of this information are discussed. Testing experi- 
ments are given, with the full operating details where possible. There are 
also problems, with numerical answers where appropriate. 
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SCIENTIFIC INSTRUMENTS and APPARATUS 


For SPEEDY, PRECISE WEIGHING .. . 
NO LOSS iN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
easy—rinse material directly 8% 7 funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Catalog No. | Diam. (mm) Length (mm) Price, dozen 


9.00 
65 10.50 
100 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Boule 
Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces. . 
rubber bulbs. With- 
stands flexing _ indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720-15721 15722-15723. 
Capacity 30 60 125 2 500 
Price 1.15 1.20 1.30 1.60 1.85 


Discount of 10% on orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 


FOR NEW 

CONVENIENCE 

IN FILTRATIONS 
Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate... Any funnel 
or receiving vessel may be 
used . . . Redesigned Slide 
Valve permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 


Minimum Inside Dimensions: Diam. 90 MM; Ht 
at side 120 MM; Ht at center 150 MM. 


Catalog No. 35070 12.00 ea. 


Write for NYLABS" complete Cat. No. 7 on company 
letterhead. 


76 Varick Street, New York 13, N. Y. 


Telephone: CAnal 6-6504 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 
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DICTIONARY OF POISONS 


Ibert and Eleanor Mellan. Philosoph- 
ica! Library, New York, 1956. 150 pp. 
14 X 21.5 cm. $4.75 


JoHNSON wrote many years ago that 
“th road to Hell is paved with good 
inteations.’’ There is little doubt that 
Ibe:t and Eleanor Mellan had good 
inte: tions in writing their book, ‘‘Diction- 
ary of Poisons.’’ Unfortunately good 
inteitions alone are not sufficient to 
procuce a good book. 

Some 145 substances and materials 
comprising gases like carbon monoxide and 
carbon dioxide, etc., industrial solvents 
like acetone, carbon tetrachloride, etc., 
groups of substances like acids, alkalies, 
barbiturates, ete., drugs like belladonna, 
chloral hydrate, ete., pesticides like ANTU, 
DDT, 2,4-D, ete., and categories of 
poisoning like snakes and snake bites, 
insects and insect bites are considered. In 
some instances general and often wholly 
irrelevant information is given, followed by 
the symptoms caused by the poison and 
the antidote and first-aid treatment. 
There is a short introduction of 16 pages in 
which antidotes are described and chemical 
burns are discussed. 

The materials and substances are ar- 
ranged alphabetically but no cross refer- 
ences are given so that if, perchance, the 
user of the book were accustomed to calling 
a substance by one name and not another, 
he might have difficulty in finding the 
entry. Thus there is no entry for hydrogen 
cyanide, hydrocyanic acid, prussic acid, 
sodium cyanide, or potassium cyanide 
other than the general one of cyanides. 
More space is devoted to glycosides (no 
entry) like amygdalin (no entry) and the 
failure of cyanide to poison Rasputin than 
to hydrogen cyanide, itself. 

There is very uneven treatment of 
subject matter. For example, 4 lines are 
devoted to carbon monoxide and 40 to 
chloral hydrate; 3 pages to curare and '/; 
page to carbon tetrachloride; 4 pages to 
poisonous plants (including poison ivy) 
and 8 lines to food poisoning. While the 
implication is that the book is designed to 
be used for home poisonings, the actual 
entries cast doubt on this. Thus cresol, 
creosote, carbolic acid, and Lysol are not 
listed but “phenol containing compounds’’ 
are; benzine is not listed and benzene is; 
aniline is not listed but “aniline dye 
poisoning’’ is; apomorphine is listed but 
heroin is not. 

Among the blunders to be noted in the 
book is the following: “Acute poisoning 
is brought about by large amounts of 
poison in the body, or by the result of the 
accumulation of many small doses.’’ 
They }robably meant in the section of 
economic poisons to say “acaricides’’ 
(agents that kill ticks and mites) instead of 
“ascaricides’’ (agents that kill round- 
worms). It is irritating to note the use of 
the word “eompound”’ for “preparation’’ 
or mix? 

The» is no preface, no index, no 
bibliog::phy, no acknowledgment to any- 
one, and only one footnote reference (to 
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the toxicity (1949) of thioglycerol) in the 
entire book. 

It would have been more appropriate to 
have entitled the book ‘Call a Physician’’ 
or “Call a Physician Immediately’’ since 
these words appear about 130 times in 
capital italics, sometimes 3 times on the 
same page. 

A good book on the emergency treat- 
ment of poisons remains to be written for 
these authors have failed to do so. 


MORRIS B. JACOBS 
DEPARTMENT OF AIR POLLUTION 
ConTROL 
New York, N. Y. 


PHYSICAL METHODS IN CHEMICAL 
ANALYSIS. VOLUME III 


Edited by Walter G. Berl, Applied 
Physics Laboratory, Johns Hopkins Uni- 
versity. Academic Press, Inc., New York, 
1956. xii + 652 pp. Many figs. and 
tables. 16 X 23.5cm. $15. 


THE general nature of Volumes I and II 
of this treatise was discussed in previous 
reviews [see THIS JOURNAL, 27, 534 (1950) 
and 28, 399 (1951)]. Volume III covers 
techniques not included in the two earlier 
volumes. The nature and quality of the 
treatment of the new topics are much the 
same as before. 

The section titles, authors, and page 
coverages follow: ‘Gas chromatography,’’ 
C. 8. G. Phillips (28 pp.); “Electro- 
chromatography,’’ T. Wieland and K. Dose 
(32 pp.); “Electroanalytical methods in 
trace analysis,’ W. D. Cooke (35 pp.); 
“High-frequency method of chemical 
analysis,” W. J. Blaedel and D. L. 
Petitjean, (28 pp.); “Field emission 
microscopy,’ E. W. Miiller (48 pp.); 
Theory and principles of sampling for 
chemical analysis,’ A. A. Benedetti- 
Pichler (35 pp.); “Flame photometry,’’ 
K. W. Gardiner (62 pp.); ‘Microwave 
spectroscopy,’’ B. P. Dailey (21 pp.); 
‘Analytical applications of nuclear mag- 
netic resonance,’’ H. 8S. Gutowsky (79 pp.); 
“Fluorescent X-ray spectrometric analy- 
sis,’ G. L. Clark (17 pp.); ‘Analytical 
distillation,’’ W. J. Podbielniak and 8. T. 
Preston (46 pp.); ‘‘Neutron spectroscopy 
and neutron interactions in chemical 
analysis,’ T. I. Taylor and W. W. Havens, 
Jr. (175 pp.). 

It will be noted that the chapters vary in 
length from 17 to 175 pages. No doubt 
length of discussion is not necessarily a 
measure of relative importance of the 
techniques. 

The appearance of a chapter on the old 
subject of sampling in the middle of the 
third volume of such a treatise is a little 
surprising. As every applied analysis 
begins with obtaining a sample, this 
operation is the analyst’s first problem. 
It would be interesting to try to apply the 
various equations included to sampling 
aluminum slag for aluminum or the Colo- 
rado plateau for uranium. 

Now that sampling has been included, 
might we not well have another volume to 
bring up to date subjects such as gra- 
vimetry (weighing and balances), volu- 
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ANTI-CREEP 
Reagent Fluid 


A few drops added to 
the wash solution 
prevents the “creep” 
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filter paper, facili- 
tates the transfer of 
insolubles from the precipitation 
vessel, reduces the problem of film 
deposit on the walls of the beaker. 


Send for free folder 


S:S 
FILTER PAPER 
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No. 123 


With these Supports 
even soft grades of Filter vos 
can be submitted to high suctio: 
without danger of bursting at the 
apex. Special pure, porous textile 
material will not retard filtration. 
Inexpensive. 


Send for free folder 


All three‘of these S&S Filtration 
Aids are time savers. They are 
available, with S&S High Quality 
Analytical Filter Papers, from 
your laboratory supply house. 
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mimetry, manometry, densimetry, and 
others? Recent years have brought many 
advances in such methods, especially for the 
determination of trace amounts of constit- 
uents. 

Emphasis in the preface on physical 
measurements leads one to wonder what 
other kind of measurement is possible. 

This new volume seems to be a worthy 
addition to the treatise. Again the set is 
recommended for a general perspective of 
the basis and applicability of the tech- 
niques covered. 


M. G. MELLON 
Purpve UNIVERSITY 
LAFAYETTE, INDIANA 


TRACE ELEMENTS IN HUMAN AND 
ANIMAL NUTRITION 


E. J. Underwood, Institute of Agriculture, 


University of Western Australia. Aca- 
demic Press, Inc., New York, 1956. 
430 pp. 29 figs. 47tables. 16 X 23.5 


cm. $9.50 


Tuts book was written by an out- 
standing authority and worker in the field 
of trace element research and is the first 
book to be devoted entirely to the signifi- 
cance of trace elements in the nutrition of 


man and domestic animals. The author 
has devoted the first chapter to an intro- 
duction of the subject and an entire 
chapter to each of the following trace 
elements: iron, copper, molybdenum, 
cobalt, nickel, zinc, manganese, iodine, 
fluorine, and selenium. Chapter 12 covers 
eight elements: aluminum, arsenic, bar- 
ium, boron, bromine, silicon, strontium, 
and vanadium. The last chapter is a 
summary of soil-plant-animal interrela- 
tionships. In each of the ten chapters 
devoted to a single element the author has 
considered the nutritionally important 
aspects as well as the toxicity of each of 
the ten elements. 

The author has included a historical 
treatment of the work which has been 
done on each of the elements so that 
the student may visualize the step-by- 
step development of knowledge regarding 
the nutritional implication of these trace 
elements. He is also successful in his 
efforts to review the important original 
articles and has made reference to many of 
the reviews which have been written on 
each of the elements which the book is 
concerned. 

“Trace Elements in Human and Animal 
Nutrition’ has been written especially for 
those interested in the nutrition field, but 
it should also be a welcome addition to the 
reference shelf of all scientists interested in 
the biological significance of these elements. 


A. L. MOXON 
Onto AGRICULTURAL EXPERIMENT STATION 
Wooster, Ox10 


BIOLOGICAL TREATMENT OF SEWAGE 
AND INDUSTRIAL WASTES. VOLUME!: 
AEROBIC OXIDATION 


Edited by Brother Joseph McCabe, 
F.S.C., and W. W. Eckenfelder, /r,, 
Manhattan College. Reinhold Publish. 
ing Corp., New York, 1956. vii + 293 
pp. Many figs. and tables. 15 X 23 cm. 
$10. 


“THE present book comprises the } 
ceedings of a conference on biolog al 
waste treatment, held at Manhat'an 
College in April, 1955, at which t.me 
leaders in this field delivered a series of 
papers reviewing advances and presen’ ing 
new information.’’ Thirty-three pa) ers 
are presented and are arranged into ‘our 
parts: Part I, Theory and Mechanism of 
Biological Waste Treatment (10 papcrs), 
Part II, Aeration—Theory and Design 
(10 papers), Part III, Sewage Treatment 
(7 papers), and Part IV, Indus‘rial 
Waste Treatment (6 papers). Each part 
is concluded with a lengthy list of refer- 
ences. At the end of Part IV appear an 
author index and a subject index. 

As might be expected there is not a clear 
continuity between successive papers, and 
each must be considered as a separate 
entity. A more adequate subject index 
would have helped to alleviate this lack 
of continuity. The papers are written ina 
scholarly fashion. Photographs, tables, 
and figures are very legible. The brief 
amount of chemistry included is correct 


(Continued on page A324) 


CAHN ELECTROBALANCE 
| fp WEIGHS SMALL SAMPLES EASIER, FASTER, ACCURATELY 


Radical advance in micro-weighing instrumentation. Balance is so rugged . . . 99 
immune to its environment... you can forget about vibration, temper:ture, 
air currents, leveling. It’s portable .. . weighs less than 12 pounds. . . so it 

can be taken to desk, bench, or wherever needed. 


The controls are simple, easily understood . . . read directly in micrograms. Anyone 


in your laboratory can be trusted to use it. Complete weighings average 


less than a minute. Range of sample weight 0-5, 0-10, 0-20, 0-5') mg. 
For additional information, request Bulletin -39. 


No. 7270 Model 10—Complete with 3 batteries, 2 stirrups, 10 pans, tw«czers, 
one calibrating weight for each range, and instruction manual. Each $115.00. 
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Improved Apparatu 


for Steam Distillations 


J 


A new type of steam distilling apparatus whose 
construction insures a short distillation time, low dis- 
tilling blanks, a good recovery and automatic, 
efficient washing. 


Reduced surfaces and connections of this distilling 
flask and condensers decrease the possibilities of 
contamination and loss. The simplicity of design 
makes this improved distilling apparatus easy to use. 


The individual steam system provides a convenient 
and safe operation. 


Distilling unit complete .... . $45.50 
* See Gwirtsman, J., Mavrodineanu, R. and Coe, R. R. 
Determination of Fluorides in Plant Tissue, Air, and Water 
Anal. Chem. 29, 887 (June 1957) 


Manufactured and sold by 


YONKERS 
laboratory supply co. 


MANUFACTURERS & DEALERS 
70 Palisade Ave., Yonkers 2,N.Y.- 
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NEW waco 
LO-TEMP BATHS 


Controlled Cooling and Heating 
Minus 10° C to Plus 65° C 


@ WIDE RANGE Visibility bath with BOTH mechanical 
refrigeration and heating! Provides constant temper- 
ature from minus 10° C to plus 65° C using 10” of liquid 
in a 12” uninsulated pyrex jar. Using less liquid Minus 
20° C is obtainable. 


@ SENSITIVITY Mercury thermoregulator and a 
WACO Thyratrontube Relay controls operation of the 
compressor and heating unit within plus or minus .01° C. 


ALREADY USED FOR—Viscosity vapor pressure and other physical 
data determination, organic synthesis, ASTM petroleum tests, 


etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 
photometers, refractometers, distillation condensers. 


NO. JC882 WACO LO-TEMP REFRIGERATED BATH 


with Pyrex jar 12” diameter. For 115 volt 50/60 cycle 


NO. JC884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10” 
deep. Range MINUS 35° C to PLUS 50°C. Three- 
wall insulated construction ................... $890.00 


@ Other sizes and many accessories available to fit your 
needs. Please write for WACO BATH BULLETIN JC-7 
for complete information. 
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and easily understood. There are many 
formulae and equations, including the use 
of some calculus. 

This book should be of value to persons 
concerned with problems of waste treat- 
ment in that it presents under one cover 
material otherwise present only in var- 
ious journals. 


“JAMES M. PAPPENHAGEN 
Kenyon 
GamBIER, 


GERMAN INFLUENCE UPON ENGLISH 
EDUCATION AND SCIENCE, 1800-1866 


George Haines, IV, Professor of Ameri- 
can History, Connecticut College. Con- 
necticut College, New London, Connecti- 
cut, 1957. xii + 106 pp. 16 X 23.5 


CueEmicaL historians will welcome this 
comprehensive, well documented treat- 
ment of an important phase in educational 
and economic history. The entire course 
of British chemical history might have 
been greatly altered if the government and 
the Anglican Church had not so long 
neglected or even opposed thorough 
training in the sciences. England was 
getting along without such programs, so 
why change? The function of the institu- 
tions of higher learning was to turn out 
clergymen: to educate the great mass of 
the people might lead them to efforts to 


rise above their natural station. This 
attitude, which was not shared by the 
Scotch, led to a situation in which young 
men bent on securing a scientific education 
were forced to go abroad. The German 
rulers had recognized the importance of 
the science curricula, and they furthered 
the growth of the science faculties for 
both military and economic reasons. 
Prince Albert, a native of Germany, had 
received a broad education; he was fully 
aware of the necessity of the training in 
sciences such as was available in Liebig’s 
laboratory at Giessen. Albert was ciiefly 
responsible for the founding of The Royal 
College of Chemistry but his early death 
was soon followed by the closing of this 
promising school, whose most famous 
student was the discoverer of mauve, a 
feat whose centenary was celebrated in 
1956. 

The author has traced the German 
influence particularly in biology and 
chemistry. An extremely valuable feature 
is the extensive chart in which 325 
scientists active in Britain during this 
period are analyzed as to nationality, 
place of training, and field of activity. 
These valuable data reveal the tremendous 
contribution of German schools to British 
science in the first three quarters of the 
nineteenth century. 

This is an interesting, scholarly book 
and a real contribution to an important 
chapter in the history of chemical educa- 
tion. 

RALPH E, OESPER 
University or CINCINNATI 
CincInNaTI, OHIO 


MODERN METHODS OF MICROSCOPY 


Edited by A. E. J. Vickers, Thermal Syn- 
dicate Ltd., Wallsend-on-Tyne. Butter. 
worths Scientific Publications, Londo, 
1956. 114 pp. Many figs. and tables, 
18 X 24.5cm. Hard paper cover. $3.5). 


Tuts small volume comprises a serivs 
of articles on modern microscopy 1:- 
printed from Research. These articlos 
cover recent developments in electron, 
reflecting, fluorescence, metallurgic:l, 
phase, interference, flying spot and X-riy 
microscopy. Also included are chapt«rs 
on numerical values and quantitative 
determinations and surface micro-int«r- 
ferometry. 

While much more extensive coverage 
of some of the individual areas such as 
electron, phase, metallurgical, and polariz- 
ing microscopy is available, and more 
extensive literature review coverage like- 
wise is available in reviews such as those 
appearing from time to time in Analytical 
Chemistry, no single comparable book is 
available which treats all of the modern 
methods of microscopy. Most of the 
articles are in the form of reviews, well 
referenced, covering not only recent 
developments in instrumentation and 
application but also basic theory, historical 
and early developments. It is an excellent 
book for its size and moderate price. 


CHARLES MARESH 


AMERICAN CYANAMID COMPANY 
Bounp Brook, New Jersey 


CHEMISTRY 


AND APPLIED 


VISUALIZED 


Viscosity directly 
in comtipotses . eee 


HOEPPLER 
VISCOSIMETER 


PRECISION MODEL 
The Hoeppler Viscosimeter 


vides a fast, accurate method of de- 3 F} 
termining the viscosity of gases, 
oils, ls» plastics, syrups, viscous 
tars and liquids. From 0° 
to 100°C. Direct readings in centi- 
Poises (or centistokes). From 0.01 
to 1,000,000 centipoises. Accuracy 
sample 
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1957 Second Edition — Completely revised 


By ARMAND J. COURCHAINE 


: 

t 

I 

Since this text appeared a few years ; 
ago it has steadily gained recognition 

and popularity for the survey courses I 

offered to undergraduates in college | 

chemistry. I 

The new edition has preserved the | 

features which made the first book a | 

I 

=! 


The falling time of the ball multiplied 
other given factors shows absolute 
viscosity in centipoises. 


UBBELOHDE Viscosimeter 
on the principle of the suspended level 


A capillary-type viscosimeter for determining ad Roomate 
viscosity of any true viscous liquid, such as petrol mom geod 

or lubricants. American Society for Testing a 
A.S.T.M. designation D 445-53 T. 

Measures viscosity with an error not greater than +0.1%, 
when used at efflux times of 80-1000 seconds. The smallest 
listed capiliary is used for light fuel oil or kerosene, the others 
for lubricating oils. T! %, temperature of the bath shou!d be 
controlled within +0.02°F 

In all coving sizes as called for by the A.S.T.M.—calibrated 
or uncalibrat 

e to fit capillary, $ 


Write for Bulletin UV-374. 


Order direct or from leading laboratory supply dealers. 
FISH-SCHURMAN CORPORATION 
7i Portman Read, New Rochelle, N. Y. 


Write for Bulletin HV-303. 


standout while at the same time the 
author and editor have accomplished 
an exceptionally fine job in bringing it 
thoroughly up to date. 

We want teachers and instructors to 
know this book. A card will bring you 
a complimentary copy for consideration 
as a text for your next class. 


702 Pages Profusely Illustrated 
Full Index $5.50 
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Educational Dept. 
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CONSTANT TEMPERATURE GRAVITY CONVECTION OVENS 


3 
and controlled by “‘Hydrau- 
lectric’’ thermostat with 
+0.5° C. accuracy over 
entire range. 


CONSTRUCTION 


18-8 Stainless Steel satin fin- 
ish interior. 18-8 Stainless 
Steel Satin finish exterior or 
Silver Grey Altone Enamel 
exterior. 
AL 130-2 


HEATERS OTHER AC-LAB PRODUCTS 

Low gradient nickel chrome 
elements are employed, 
rating at black heat. end 
eating units are individu- Special 
ally replaceable. sizes and types engi- 


neered. 
INSULATION 
Three inch blanket of non- petige Ahr $56. See Ac- 
hygroscopic glass wool sur- lob Bout 9 17 
rounds entire chamber. quipment at your labo- 
Doors heavily gasketed. ratory supply dealer. Dis- 
Oven exteriors always com- tributor and dealer inquiries 
fortable to touch. invited. 


EQUIPMENT COMPANY 


: Manufacturers of Hospital and Laboratory Equipment 
673-675 TIMPSON PLACE, NEW YORK 55, N. Y. 


polyethylene 


DRYING TUBE 


Straight—easily taken apart 
for cleaning. Unbreckable. 
Available with one or two fit- 
tings. Fittings are 7/,” 
and taper from to 
Tube is */,” OD, ID. 


Many other useful items . . . 
New ones added frequently 


Part Number 

DT-100-1 (1 fitting) 

2(2 » ) 
DT-150-1 (1 fitting) 

2(2 » ) 
DT-200-1 (1 fitting) 

2(2 ») 
Fittings only 


Through leading supply houses or direct 
Send for catalog of complete line 
Minimum order $10.00 
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Box 641, FarHills Branch Dayton 9, Ohio 


Acenaphthylene; Acetobromoglucose, Acetonedicarboxylic Acid 
Acetylindoler 3-Acetyipyridine, Acetyithiocholine lodide, 
Aconitie Acid; Acridine Hydrochloride; Adenosine Diphosphate; 


Arach 
o-Arsenilic Atopic held 


agen, * 0} 


Aci Ethylpyrid 
Gitoxin; Glecoescorbic Acid 
de Phosmhate, 
Glycyltyrosine Hex 
Acid; 7 


Nitrosomethy 7 Para. 
banic Acid; Penicillinese, eroxidese Glucuronide; 
Phenylpyruvic Phosphopyruvic Phthiocol; lone; 
Protocatechuie Acid; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluorcacetate; Sphin- 

Stilbamidine; Tentalum Ch loride; o-Ter- 


B-Tocopherol -Tocopherol 
Ask us for others! 


DELTA CHEMICAL WORKS wc. 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza7-6317 


[REMOVABLE 


¢ * STIRRING 
MECHANISM 
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\WEIGHTS 
WINSULATION 
‘METAL CAN 


GLASS 
{CYLINDRICAL 
[BEAKER 


[coouNs 
LUIQUID 
{SOLVENT 
BROWN 
‘INVERTED 
FUNNEL 


‘PUTER 
PAPER 
‘CRYSTALS 


Developed by Dr J. 8 Brown, Dacor ofthe Ine of | 
and Food Technology and Professor of Physiological Chemistry of the 
Ohio State University in the course of his work on fatty acids. 


j 


4 142mm 105mm Smm 220mm 160mm 10mm 14.00 


Coors PORCELAIN COMPANY 


ondo, 
tables, 
Now in two ranges: | 
Tube Single =indoz. Cases 
| Length Unit lots of 72 
100mm $. 28 ea. 23 ea 19 ea. 
36 32 97 
| 150mm 28 23 
| 36 31 
200mm 36 32 2 
44 40 35 
| 18 14 09 
3 
hesenting 
@ : 
itracin; enic Acid; = 
cryst.; Cellulase; Cerotic Acid; 
cohok ‘ nloralose; p-Chioroanilidophos- ¥ | 
phonic Acid; | 
opper 4 
E Glucoside,; Dest : yde; + | 
¥ | 
¥ 
4 ‘ 
x 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menth 
ide; 8-Mercaptopropionic Acid; Mescaline Sulfate; 
Methyl-bis-Chloroethylamine; 8-Methylerotonic Acid; 
cytosine; Methyinonylketone; 8-Nephthaleneacetic Aci § 
— acids and similar compounds by means of low temperature crystalliza- 
tion. The technique can be adapted to many other procedures in or- 
In use a funnel with filler paper attached is lowered as illustrated 
above into a beaker containing precipitate and liquid. The supernatant ; 
liquid is removed by suction, leaving the precipitate to be washed and 
collected. The technique is fully explained in the descriptive bulletin which 
is available upon request. 
é ike owe Sime = 
GROWN WIVERTED 80mm 60mm 3mm 140mm 110mm 8mm 6.50 
© 
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EQUIPMENT CHEM ED BUYER'S GUIDE SERVICES 
EQUIPMENT SERVICES 


FEATURING: TIMER JAMES INSTRUMENT COMPANY 


Split-Second Accuracy Portable Mount Models 
Automatic Switching Panel Mount Models 


Built-in-Buzzer Precision Construction RARE and FINE ORGANICS 


WRITE FOR COMPLETE CATALOG! 


oee 


DIMCO-GRAY COMPANY RARE ALKALOIDS 


208 E. Sixth St. Dayton, Ohio ACONINE 
ANABASINE 
BULBOCAPNINE HCL 
CRYPTOPINE 
o-NITROBENZALDEHY DE WE OFFER A COMPLETE LINE OF HARMALINE 
$30-100 g.; $140 -500 g.; $260- Kg. PIPERINE 
20 (3) METHYLCHOLANTH E VISUAL and PHOTOELECTRIC ROBINETIN 


| 

| 

| 

| 

| 

| 

| 

x | 
| 

| 

| 

| 

| 


1 


- 100 g.; $25 -500 g.; -Kg. 

WV Many other alkaloids available. 
ACETAMIDINE- HCl 

$4-10 g.; $30-100 g.; $115-500 g. 


WE DO CUSTOM ORGANIC SYNTHESIS O. C. RUDOLPH &SONS Gacy LABORATORIES 


H. & 8. CHEMICAL CORP. Manufacturers of 
168 EATON ST. Optical Research & Control Instruments Incorporated 


BUFFALO 8, N. Y. P. O. BOX 446, CALDWELL, N. J. 29-46 Northern Bivd. LIC 1, N. Y. 


For 
Qualitative Analysis Classes 


cove on the 25-Year CUMULATIVE INDEX 


Sample Storage Sets 
Numbered Self-Adhesive Labels Journal of Chemical Education 


Write for details (Volumes 1 to 25, 1924-1949) 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. Y. 


The price of this useful reference book 
will be increased to $4.00 on August 1, 


BRYDEN ROD CLAMPS 1957. If you have been thinking about 


adding this valuable book to your li- 
brary, order it today and save a dollar. 


Price until August 1st 
(3.50 foreign) 


Beginning August 1st 
(4.50 foreign) 


Red ‘ Journal of 
CHEMICAL EDUCATIO 


Write for FREE literature today ASTON. 
CHANDLER & STEDMAN 


398 Newton St. Waltham 54, Massachusetts 
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CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


ONLY 75c EACH 
{for the FINEST QUALITY Imported 
PRECISION PLIERS 


| Cutting Nippers ¢ Round 
| Nose @ One Side Flat—One 
| Side Round @ Snipe 


JEWELERS, OPTICAL 
| WORKERS, HOB BYISTS. 


» meet ectly to safely and 
Seourely hold even the most delicate 
| ay ts in the hard-to-reach corners 
d angles. Each is 4” long 
= a amu gem of precision 
strengt. 


all 7 for 5:00 


—siphon uid automati- 
b 


nuttin’ tube 
in mouth! Squeeze bulb, liquid starts 

to flow immediately! Transp arent 
sections let you see liquid flowing! 
Siphons, ee gasoline, water, any 
liquid. ven acids, corrosives! For 
cars, boats, power mowers, campers. 
plumbers, doctors, chemists, factories: 
Acid resistant. Over 7 ft. long. 


Send check or M.O., C.O.D. plus 
MONEY BACK GOARANTEE! 


| SCOTT MITCHELL HOUSE, INC. 
| Dest. M407, |, 611 Broadway, New York 12, N. Y. 


<4 
x 
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NOW OVER 5/00 
CHEMICALS 


Magnesium Oleate 

® Magnesium Thiocyanate 
Maleonitrile 

Malonyl! Chloride 

@ Manganese Arsenate 
Manganese Chromate 
Manganese Fluoride 
® Manganese Sulfite 

® Melam 

Melem 

® Melibiase 

® Melissyl Alcohol 

® Mellitic Acid 

® Mellitic Trianhydride 
Melon 

® Menthy! Valerate 

® p-Mercaptobenzoic Acid 
® Mercaptothiophene 

® Mercury Arsenate 

® Mercury Di-n-butyl 

® Mercury Dichromate 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


7 West 60th St. New ‘York 25 
Plaza 7-817} 
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BARIUM ETHYL SULFATE | 
NICKEL ETHYL SULFATE 
POTASSIUM METHYL SULFATE | 


I Some of the many special chemicals we l 


manufacture 


Write for our list of rare chemicals | 
CITY CHEMICAL CORP. 
132 W. 22nd St New York 11, NLY. 


Save Money With 


WETA LABORATORY PORCELAIN 


Send for FREE catalog & price list 


INSTRUMENTATION ASSOCIATES 
17 West 60th Street New York 23, N. Y. 


TRADE-MARK 
ALICYCLIC COMPOUNDS 
* For Pharmaceutical and Aromatic Industries 

Compound Availability 
CYCLOPENTANONE Commercial 
B.P. 130-131° C. 

CYCLOPENTANOL 
B.P. 139-140° C. 
CYCLOPENTYL BROMIDE Commercial 
B.P. 137-138° C. 
CYCLOPENTYL CHLORIDE 

(Red Label) Research & 
B.P. 113-114° C. Pilot 
CYCLOHEXYL CHLORIDE Pilot 


B.P. 141-143° C. 

OXIME Research 

GYCLOPENTENE (Red Label) Research 
P. 43-44° C. 

CYCLOHEXENE OXIDE Research 


CYCLOHEXENE (Red Label) Pilot 
B.P. 81-83.3° C. 


prices and samples of 


ARAPAHOE CHEMICALS, INC. 
2800 PEARL STREET » BOULDER- COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 


CONSOLIDATED 
Water Stills and Sterilizers 


NP and STANDARD Water Stills 
Full Opening Door Pressure Sterilizers 
Rolling Door Laboratory Sterilizers 


11-Acetoxy-9-Undecenol 
Epoxy Butyl Stearate 
Epoxidized Fatty Acids 


2-4 Dinitrofiuorobenzene 
ABCO CHEMICAL COMPANY 


68 Fleet St. Jersey City 6, N. J. 
CHEMICALS 

RARE metas 
MINERALS 


CHEMICALS PRODUCED TO ORDER 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


Yonkers Laboratory Supply Co.........-. 
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chemist... but a constant worry to you 


There goes the sulphuric acid. What else is 
in the tube? 

But those hairs of yours that are turning 
gray can go back to their natural color. The 
glassware he’s using is Pyrex brand. You do 
have time to get there and check the con- 
tents of his concoction. 

The Pyrex tube your adventurous student 
is using will take the chemical and thermal 
reaction of the acid, even over the Bunsen 
flame. 

And, when he sets down that cylinder it 
won’t tip over. It has a wide-area, hexagonal 
base—exclusive, for years, on PyREx brand 
cylinders. 


Good thing your requisitions read “PyREXx 
brand labware.” Smart buying, too. Your 
school gets the best in laboratory glassware 
. .. and it actually costs less over the long 
haul. Less breakage. Less likelihood of acci- 
dents. 

Pleasant to read and extremely inform- 
ative is our newest publication, This is Glass. 
Its 64 pages explain what glass is, how it is 
made, and where it is used. Write for your 


copy. . 


CORNING GLASS WORKS 
76-7 Crystal Street, Corning, N.Y. 
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PYRExX’ laboratory ware 


. .. the tested tool of modern research 
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oush-button control... 
automatic drift compensation .. . 


Beckman 


ZEROMATIC 
pH Meter 


A new, line-operated instrument for fast, routine pH measurement 
with an accuracy of 0.1 pH and reproducibility of 0.02 pH. Simple to 
operate, rugged in design, attractive melamine case, and offering the 
following features: 


Push-button Controis—Simplified measurements. Select function or put 
amplifier in operation with a touch of the finger. 


Continuous 0 to pH 14 Scale, 514 inches long, with mirror to minimize errors. 


Manual or accessory Automatic Temperature Compensation, 0 to 100°C. 


Recorder Terminals for connection of either standard potentiometric type 
or current type recorder. 


Operates with grounded systems such as tanks or vats for continuous pH 
measurements in connection with either Flow Type or Immersion Type 
heavy duty electrode systems—see page 548 of our catalogue. 


Millivolt Range, 1400 millivolts. Zero can be set at any point on the scale. 


Karl Fischer Titrations can be conducted in combination with a Polarizing 
Adapter and Platinum-Platinum Electrodes. 


Automatic Compensation of Zero Drift, and internal voltage compensator 
for adjusting line voltage fluctuations. 


4922-A. Glass Electrode pH Meter, Zeromatic, Beckman No. 9600, complete 
with general purpose Glass Electrode, fiber-type Reference Electrode, 
Electrode Clamp and Support Rod with Bracket, 1 pt. concentrated Buffer 
pH 7, 100 ml saturated KCl Solution, Terminal Connector for metallic 
electrode, and Polarizing Adapter for Karl Fischer titrations. For 115 volts, 


Thomas SMALL SAMPLE 3 mi 
ELECTRODE ASSEMBLY 


4923-F5. Electrode Conversion Assembly, Thomas, for 
tests on samples as small as 3 ml. Consisting of 
21-inch Glass and Reference Electrodes, Electrode 
Holder, 5 ml Glass Beaker, Beaker Holder, and Sup- 
port for alignment and positioning of beaker holder. 
For attachment to Zeromatic and Models H-2, N-1 


Copy of Bulletin 706-A sent upon request. 
A.H.T.CO. 


ARTHUR H. THOMAS COMPANY 


coo More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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New! 


HANDBOOK OF CHEMICAL DATA 


by F. W. ATACK, Industrial Processes Development Ltd. 


Now . . . the most convenient, ket-size hand- 
book ever available containing the Facts all chemists 
need in their work. By virtue of its clear, relevant 
tables of physical constants and properties, the book 
is exactly what the title states. It covers the whole 
range of data which are indispensable to the active 
chemist in every field. The small format provides a 
handy, lightweight volume that is easily taken any- 


CONTENTS: Atomic Weights: Periodic Table. Physico-Chemi- 
cal Constants: Density and Specific Gravity, Methods of Determina- 
tion; Density Water at Various Temperatures; Densities of: 
Metals, hag Common Maeterials, Aqueous Solutions of Common 
Substances; Universal Dilution Table; Densities of Gases; Correc- 
tion of Gas Volumes; Coefficient of Expansion of Gases; Correc- 
tion of: Barometer Readings, Thermometer Readings; List of Con- 
stant Boiling Mixtures; Cryoscopic Constants; Thermal Constants of 
Elements; Physical Constants of Elements and Alloys; Melting 
Points of Some Special ae Specific and Latent Heats of Some 
Common Liquids; Specific Heats and Thermal Conductivity of Some 

‘ommon Materials; Latent Heat of Fusion of Some Common Sub- 
stances; Specific Heat of Common Gases; Thermal Expansion of 
Some Common Liquids; Vapor Pressure of: Water, Liquefied Gases, 
Various Liquids and Solids, Sulphuric Acid—Water Mixture; Vis- 


where. The accurate and readily accessible tables of 
constants are extremely helpful and time-saving even 
to those who have access to a complete library. This 
is a condensed and revised version of a book which has 
achieved great popularity among chemists and cheni- 
cal workers the world over. 


1957, approx. 520 pages, $6.75 


cosity. Solubilities: Gases in Liquids; Solids in Liquids; Liquids 
in Liquids. Refractive Indices. Dissociation Constants. Refrac- 
tive Index Liquids. Properties of Minerals. Inorganic Compounds 
General Properties. Organic Compounds: Nomenclature of Rin3 
Systems; General Properties. Qualitative Analysis: Dry Tests 
Solution Analysis; Examination of Insoluble Substances and of | 
Alloys; Reactions of Rarer Elements; Tests for Purity of Reagents 
Allowable Impurities in Medicinal Cubstences. Volumetric Anal. 
ysis: Standard Solutions of Acids, Alkalies and Salts; Neutralize- 
tion Methods; Oxidation Processes; lodimetry; Use of Titanous 
Chloride; Precipitation Methods. Factors for Quantitative Anal- 
is. Conversion Table for Weights and Measures; Tables for 
of Thermometric Scales; Hydrometric Tables; 5. 
Figure Logarithms; Powers of Numbers; Sines and Tangents; Men- 
suration Formulae; Mechanical Constants and Their Logarithms. 


Reinhold Plastics Applications Series 


POLYETHYLENE 
by THEODORE O. J. KRESSER, Spencer Chemical Co. 

Covers this exciting new material in respect to its uses and 
why it is ee pine to other materials. Contains dis- 
cussions of how products are manufactured from polyethylene. 
The subject is treated in a practical and selective manner; each 
em described is representative of a group of related ap- 
plications. Wide use has been made of pictures in lieu of writ- 
ten descriptions, the text itself being devoted mainly to the 
reasons w y polyethylene is particularly suited to the applica- 
tion. Includes recent advances in the field, with emphasis on 
those that will most likely be of long range importance. All in- 
formation is conveyed in brief, concise form. Particular con- 
sideration has been given to the needs of the general, non-tech- 
nical reader, the plastics technical man who has no knowledge 
of polyethylene, and the engineer or technical man in fields 
other than plastics who can utilize polyethylene for product 


improvement. 1957, approx. 295 pages, $4.95 


CHEMISTRY OF PLANTS 


by ERSTON V. MILLER, University of Pittsburgh 

This book is a clear, concise and completely up-to-date anal- 
ysis of the chemical constituents of plants. It supplies accurate 
information avery te those who require a knowledge of the 
fundamentals of plant chemistry. Latest developments in plant 
chemistry are authoritatively covered. Sections on plant hor- 
mones,: vitamins, and the chemistry of photosynthesis are out- 
standing for their current information. There is a chapter each 
on glycosides and alkaloids more encompassing than previous 
treatments. Included also are chapters on carbohydrates, pro- 
teins and other nitrogen compounds, lipides, pigments, enzymes, 
organic acids, and minerals. A unique final chapter brings 
attention to the present frontiers of research in the chemistry 
of plants. Here is an ideal textbook and handy reference. 


1957, 183 pages, $4.75 


CATALYSIS—Volume 5 
edited by PAUL H. EMMETT, Johns Hopkins University 


Here is the latest volume in the most soundly conceived and 
thoroughgoing reference source ever published on the physical 
chemistry of catalysis and catalytic processing. Volume 5 covers 
reactions of carbon monoxide, the oxo reaction, the direct cata- 
lytic synthesis of higher alcohols from carbon monoxide and 
hydrogen, the catalytic hydrogenation of aromatic compounds, 
u hydrogen isotopes in studying catalytic hydrogenation, 
and the hydrodesulfurization of liquid petroleum fractions. This 
book, together with the other volumes of the series, will prove 
of tremendous value to physical chemists and to every industry 
in which catalysis is ack 


1957, approx. 450 pages, about $10.00 


ORGANIC SYNTHESIS—in 2 Volumes 
by VARTKES MIGRDICHIAN, American Cyanamid Co. 


The most systematic, and up-to-date pres- 
entation of organic synthesis in its aspects ever published! 
Complete, fully detailed accounts are ~- of all standard 
methods. Special attention is paid to such-important reactions 
as halogenation, nitration, sulfonation, diazotization, etc. Chap- 
ters dealing with the olefins and acetylenic compounds art 
complete essays in themselves on these timely subjects, and are 
more comprehensive than any previous treatment even in spe- 
cialized texts. As the only fully systematized treatment o 
organic synthesis in any language, these two volumes will be 
come an indispensable working tool to chemists and_ research 
workers in industries manufacturing general chemicals, phar- 
maceuticals, perfumes, petrochemicals, food products, textiles. 
lastics, surface coatings, etc.; to workers in many fiel ot 
pure” research; and to teachers and students of organic chem 

istry, medicine and pharmacy. 
1866 pages 


1957, 
2 Volumes, $35.00 (Not sold separately) 


Send today for your ON-APPROVAL copies 
REINHOLD PUBLISHING CORPORATION - Dept. M-150 * 430 Park Ave., New York 22, N. '. 
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QUALITATIVE ANALYSIS—Using Semimicro Methods 
“ By E. S$. GILREATH, Washington and Lee University. 288 pages, $4.25 


An unusually teachable and well-balanced text using semimicro methods. It aims to bridge the gap 
between general and physical chemistry by including topics not otherwise covered in these crowded 
fields. Special emphasis is placed upon the properties of electrolyte solutions, with an integrated dis- 
cussion of the concepts, theories, and laws relating to these solutions. With a minimum of emphasis 
on laboratory exercises, it provides a broad theoretical approach and attempts to correlate discussions 
with the laboratory procedures of qualitative analysis. 


INORGANIC SYNTHESES—Volume V 
By THERALD MOELLER, University of Illinois. Inorganic Syntheses Series. Ready in December 


This volume, like those which have preceded it, presents tested procedures for the preparation of selected 
useful inorganic substances. It is designed to provide the student or research worker with detailed 
and carefully documented directions for specific syntheses, and to give useful information on the prop- 
erties of the substances discussed. Directions for preparing over 60 specific compounds are included 
—along with timely general articles on organogermanium compounds; metal derivatives of 1,3-di- 
ketones; and polyhalogen complex salts. 


ORGANIC CHEMISTRY 
By LOUISE KELLEY, Goucher College. New Second Edition. 728 pages, $7.50 


Especially suited for chemistry majors and chemical engineers, this excellent new edition of a highly 
respected organic chemistry text thoroughly covers the theoretical aspects. Its purpose is to provide 
students with a readily understandable, yet challenging introduction to the complex subject of organic 
chemistry. Much new theoretical material has been added, dealing with the structure of organic 
molecules from the standpoint of molecular orbital theory. There are many new illustrations, includ- 
ing diagrams of molecular orbital structures and of processes connected with the making of synthetic 
fibers. 


SYSTEMATIC ORGANIC CHEMISTRY 


By HUGH C. MULDOON, Duquesne University; and MARTIN |. BLAKE, North Dakota Agricul- 
tural College. 800 pages, $7.75 


Based on the author’s previous text for pharmacy students, this new book has been carefully prepared 
and expanded to appeal to the more general organic courses. Emphasis is on principles and their appli- 
cation, and an attempt has been made to keep the style clear, simple, and direct. The approach is 
systematic, with general information about the organic compounds given first and the aliphatics, aro- 
matics, and heterocyclics discussed in that order. Throughout, special reference is made to compounds 
of medicinal value, and their therapeutic importance is discussed. Stress is on understanding, rather 
than memory. 
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END F 
—|.McGRAW-HILL BOOK COMPANY, Inc. 
ON APPROVAL | 330 West 42nd Street, New York 36, N. Y. 
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SAVE 15% with new PYREX brand 
RED PIPETTES 


get faster 
a line readings, too 


You can save up to $5.18 every time you order a package of 18 4ccu-red meas- 
uring (Mohr type) or serological pipettes. 


Oddly enough, it’s the fact that these pipettes are so accurate that makes 
them cost you less. We've found a way of making fine bore tubing with such 
uniform inner diameters that we can calibrate and mark these pipettes much 
faster. 


Accu-red pipettes cost us less to make, so they cost you less to buy. 


You get sight lines, too. You'll notice on the back of 4ccu-red pipettes short 
lines which level perfectly with the major graduations. Use them—like gun- 
sights—to get faster, more accurate readings. 


Both graduations and sight lines are permanent LiretimE Rep. 
part of the glass itself. 


Plus the Pyrex trademark. Because 4ccu-red pipettes are made of chemi- 
cally resistant Pyrex brand glass No. 7740, they will not alter antigens, or 
biological or chemical solutions. Nor are ‘they affected by most cleaning 
solutions. And, Pyrex brand pipettes withstand sterilizations. 


Like all pipettes bearing the Pyrex trademark, 4ccu-red pipettes have extra 
strength 4Sui/t-in—double-bevelled tips, ground satin-smooth, reduce snag- 
induced tip breakage; uniform walls, unmarred by etched graduations, produce 
a stronger pipette from mouthpiece to tip. 


rm Imi 20°c 


~ 


Actually 


| 


iit 


Cat. No. JC82702 Pipettes, Measuring (Mohr Type) Accu-red 


E 
i= 
=6 
=] 
i= 
Es 
=. 
=9 


Cap. val 
ml. 


Grad. 


inter- 


ml 


Limit 
of 
Error 
ml 


Net 
Price 


Each 


Net 
Price 
Per 


Pkg. 


Net Price Per Package 
in Assortments of 


50 
Pkgs. 


1/10 
1/100 
1/10 
1/10 
1/10 
1/10 


+0.02 
+0.02 
+0.02 
+0.04 
+0.06 
+0.10 


$1.03 
1.14 
1.16 
1.16 
1.34 
1.81 


$16.69 
18.47 
18.79 
18.79 
21.71 
29.32 


$15.02 
16.62 
16.91 
16.91 
19.54 
96.39 


. JC82762 Pipettes, Serological, Accu-red 


1/10 
1/100 
1/10 
1/10 
1/10 


+0.02 
+0.02 
+0.09 
+0.04 
+0.06 


$1.08 
1.23 
1.26 
1.26 
1.49 


$17.50 
19.93 
90.41 
90.41 
94.14 


$15.75 
17.93 
18.37 
18.37 
21.72 
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uC Per 90 100 
d- Pkg. | | Pkgs. Pkgs. 
1 18 $15.85 $14.18 
1 18 17.54 15.70 | 
9 18 17.85 15.97 
5 18 17.85 15.97 
10 18 90.62 18.45 
| 95 18 97.86 94.99 
Cat. Noe 
od 1 18 $16.62 $14.87 
1 18 18.93 16.94 
4 9 18 19.39 17.35 
0- 5 18 19.39 17.35 
ds 10 18 99.93 90.52 
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MODEL Ill 


MODEL 


SARGENT 


*Trademark Reg. U. S. Pat. Off. 


Designed and Manufactured by 
E. H. Sargent & Co. for all 
Polarographic Applications in 
Research and Control Analysis 


MODEL XXI POLAROGRAPH—S-29303—Pen Recording, Po- 


tentiometric. The complete automatic programming, the com- 
bined visual indicator and chart recorder, and the wide flexibility 
in controls make it most convenient for both research studies and 
routine analytical applications. 


MODEL Xil POLAROGRAPH—S-29301—Photographic Re- 
cording, Indicating. An adaptation of the original Sargent- 
Heyrovsky Micro Polarograph, Model X. Recommended for use 
in routine analyses and research procedures where the step form 
departs from the theoretical, simple shape and is complicated by 
maxima, complex formation, presence of several different ions, 
irreversible reactions, etc. and where it is consequently necessary 
to have a continuously plotted polarogram. 


MODEL Ill POLAROGRAPH—S-29290—Manual, Indicating. 
Recommended for use in those routine analyses where only one 
substance is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions involving simple 
ions in fairly substantial concentrations. Also useful in the per- 
formance of amperometric titrations and for instructional pur- 
poses in educational institutions. 


Write for our 
booklet on 
Polarographs 
and Accessory 
Equipment 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


‘&. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS MODEL xl 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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NEW 


FOR YOUR LABORATORY 


SMatlinckrodt 


UNIQUE DESIGN 


FREE to all users of Mallinckrodt 
analytical reagents — this wall chart 
contains helpful suggestions on 
accident prevention and first aid. 
Hang this chart on your laboratory wall 
with instructions to all personnel 
to pull out the cards and read them. 
They give a refresher course on 
first aid and good laboratory procedures 
to prevent accidents. 

A unique feature is the “pull-out card” 
design. When needed .. . just pull 
out the appropriate card and take it to 
the scene of the emergency. 


ASK YOUR 


Mollinchrodt Chemical Works 


ST. LOUIS 7, MO. + NEW YORK 8, N. Y. 
MONTREAL 1, P.Q., CANADA 
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DEALER FOR 


THIS FREE CHART 


| 
| 
| 
| 
| 
or mail this coupon | NAME 
| 
| 


rest AlD 


3 ACCIDENT PREVENTION TIPS 


4 EMERGENCY PHONE NUMBERS 


alirays PURE, alreys DEPENDABLE, ores 400 ARs AVAILABLE 
ORDER FROM YOouR AR DEALER 


MALLINCKRODT CHEMICAL WORKS 


Second and Mallinckrodt Streets, St. Louis 7. Mo. 
OR 72-Gold Street, New York 8, N. Y. 


Gentlemen: 
Please send your complimentary SAFETY CHART. 


TITLE 


COMPANY -- 


STREET 


CITY ZONE STATE 


MY LABORATORY SUPPLY DEALER IS 


SAFETY ACTION CHART 
com- 
bility 
and 
use 
sary 
4 
per- 
4 
' 
} | 
A339 


PREDICTABILITY FLOWMETERS 
WITH 


Now ... complete predictability for all fluids—available with 
complete protection for the flowmeters themselves. These precise 
Predictability Flowmeters and special rugged Guards have been 
developed by Manostat Corporation to meet rigorous requirements 
of research and industrial laboratories . . . at very low cost. 


Truly versatile instruments, enabling you to calculate the 
calibration curve directly without the need of the experimental 
calibration that was necessary in the past. They include, at no extra 
cost, a new Teflon* stop which provides quick interchangeability and 
ball replacement. Guards feature strong Tenite I1** outer plastic 
protecting tube not in contact with fluid. Parts of guards contacting 
fluid are corrosion resistant stainless steel and Hycar*** rubber 


*Trade-mark for DuPont Tetrafluoroethylene Resin. 
**Tennessee Eastman. ***B, F. Goodrich Chem. Co, 


A340 


MAXIMUM 


~ COMPLETE /1. 


|CAT. NO I 


fi. Meters come with stn. steel and non-metal balls, may be used indivié- 
ually or combined. (2, Male inlet, Female outlet. 3, For stn. stec! ball. 
a. 2g for non-metal ball. Minimum r approx. 1/10 of 


or further information on either ey 
Chai or Guards, write for bulletin 


20-26 N. MOORE a. NEW YORK 13. NEW YORK 
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YORK 
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unless otherwise specified. 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 


NEW APPARATUS AND 
EQUIPMENT 

» An Electro-Hygrometer is now available 
fom American Laboratory Apparatus 
Corp., 2255 Broadway, New York 25, 
N.Y. The Amlab Electro-Hygrometer is 
a lightweight, compact precision electrical 
instrument for quickly measuring relative 
humidity accurately, and directly without 
the use of conversion tables. Changes in 
vapor pressure and R.H. are converted to 
electrical resistance. 

The instrument consists of a remote 
encased humidity Sensor and an A.C. 
series indicating circuit, contained in a 
Bakelite case. The Sensor is styrene co- 
polymer coated with a special absorbing 
surface. 

More data and prices may be had by 
writing to the manufacturer. 


» “A Brief Guide to the Brooks Rotam- 
eter Line’’ includes a die cut disc, eye 
letted on the inside cover which serves to 
indicate the pressure and temperature 
limitations of Brooks rotameters as well 
as their flow capacity ranges. Ask for 
Bulletin 110, Brooks Rotameter Co., 
Lansdale, Pennsylvania. 


> A new powerstat variable transformer 
type 2PF10 with many features which , 
make it ideally suited for laboratory, 
inspection, classroom and other applica- 
tions where current requirements do not 
exceed 1.0 ampere, is available from the 
Superior Electric Co., 83 Laurel Street, 
Bristol, Connecticut. 


> The Beckman DU Spectrophotometer, 
designed for spectrophotometric measure- 
ments in the ultraviolet and _ visible 
regions, now has its most important acces- 
sory to date—the AC Power Supply Unit. 
This unit makes it possible to use the DU 
a8 a line-operated instrument. Further 
information can be had from the Scien- 
tific Instruments Division, Beckman In- 
struments, Inc., Fullerton, California. 
>A new, easy-to-use and extremely 
versatile Remote Humidity Indicator, 
designed for measuring humidity of 
closed areas is now available from Serdex, 
Ine, 91 Cambridge Street, Boston 14, 
Maseachusette, 


> Librascope, Inc., 808 Western Ave., 
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Glendale, California, manufacturer of 
computers and controls, announces a new 
linear Integrator that can be used to 
provide continuous integration in any 
instrument or system where integration, 


area or average computations, and a direct 
or remote reading is required. 


p> A new dynamometer accessory for the 
ELB Experimental Agitator permits the 
user to directly determine required horse- 
power for mixing non-Newtonian fluids 
and gas-liquids. Illustrated technical data 
may be obtained from Chemineer, Inc., 
1044 E. First Street, Dayton 2, Ohio. 


> A new triple duty, 6” magnetic stirrer, 
which can serve as a hot plate only, 
magnetic stirrer only, or a combination of 
both, is available from Labline, Inc., 
3070-82 West Grand Ave., Chicago 22, 
Illinois. 


p> Transvision, Inc., New Rochelle, New 
York, manufacturer of television and 
electronic equipment, has introduced a 
new 27” Classroom Television Receiver 
specifically designed for use in schools and 
other educational institutions. 


> A new ionization vacuum gauge which 
gives continuous pressure readings on 
eight linear ranges from 1 X 10-* to 2 X 


SS 


At your laboratory howe STONEWARE 


AKRON 9, OHIO 
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Edttor's Garket 


10-" mm Hg is now available from the 
Rochester Division of Consolidated Elec- 
trodynamies Corp., 1775 Mt. Read Blvd., 
Rochester 3, New York. Called the GIC- 
100, this instrument has been designed to 
control, read, and degas any type of com- 
mercially available ionization tube. 


p> Any petroleum product from the light- 
est-weight oils to tars and asphalt com- 
pounds are readily evaluated by the 
Aminco-Saybolt Viscometer. The instru- 
ment determines viscosity to a high degree 
of accuracy in the temperature range of 
770 to 210°F. Write the American In- 
strument Co., 8030 Georgia Ave., Silver 
Spring, Maryland. 


p> Designed for a wide variety of uses in 
the laboratory, the new plastic Stand- 
fast Beaker, with a capacity of more than 
two quarts, is now in production by the 
manufacturer, The Standfast Products 
Co., 2146 Murray Hill Road, Cleveland 6, 
Ohio. 


@ Scientific Industries, Inc., 15 Park St., 
Springfield 3, Massachusetts, has now 
started production on a new Ultra-Buret, 
model 200. A copy of their brochure on 
this instrument is available on request. 


@ A new 104-page edition of ‘Hastelloy 
Corrosion-Resistant Alloys’’ is now avail- 
able from the Advertising Department, 
Haynes Stellite Co., Division of Union 
Carbide Corp., 420 Lexington Ave., New 
York 17, N. Y. 


1% MILLION SQUARE FEET OF 


Resists Acids, Alkalies, Solvents, Heat, Abrasion 


Since its introduction in 1941, Kemrock has proved outstanding for laboratory 
table tops, work surfaces and sinks. In these 16 years, more than 1% million 
square feet of Kemrock have gone into thousands of educational, industrial and 
hospital laboratories, most of it still in daily service. 

Made from a practically inert stone free of veins and seams, Kemrock is thor- 
oughly impregnated and surface coated with a highly chemical-resistant resin, 
then baked at high temperatures. The finished tops—jet black in color—are remark- 
ably tough, defiantly resistant to acids, alkalies, solvents, normal heat and severe 
abrasion. Takes a lot of abuse, yet comes up smiling with a minimum of care 


and maintenance. 


An exclusive Kewaunee product, Kemrock is the answer to a wide range of 
laboratory surface problems. Make it your top choice for lasting service. 


Write for detailed descriptive literature 


KEWAUNEE MANUFACTURING CO. 7 


5014 S. Center St., Adrian, Mich. 


TECHNICAL FURNITURE, INC. 
Statesville, North Carolina 


REPRESENTATIVES IN PRINCIPAL CITIES 


@ The California Foundation for Bio. 
chemical Research, 3408 Fowler St., Los 
Angeles 63, California has the following 
charts available on request: Properties of 
the L-(natural) Amino Acids, Properties 
of the Nucleic Acid Derivatives, Meta- 
bolic Paths, Map 1 Pyrimidines and 
Purines. 


@ Copies of the Thirty-first Priestly 
Lectures on “The Chemistry in the 
Metallurgy of Iron and Steel’’ by John 
Chipman may be obtained by writing to 
Phi Lambda Upsilon, Departmen: of 
Chemistry, the Pennsylvania State Uni- 
versity, University Park, Pennsylv::nia, 
The price per copy is $2.50 (plus thre« per 
cent tax on Pennsylvania sales). 


@ Volume 1, Number 1, January, 1957, of 
the “Platinum Metals Review,’’ a new 
quarterly survey of research and of cevel- 
opments in this field is now available from 
Johnson, Matthey & Co., Inc., 668 
Fifth Ave., New York, N. Y. 


@ Eight-page bulletin 86-5 features Beck- 
man pH Electrodes for laboratory and 
portable pH meters. For your copy write 
to Scientific Instruments Division, Beck- 
man Instruments, Inc., Fullerton, Cali- 
fornia. 


@ Edmund Scientific Co., Barrington, 
New Jersey, offers a new 72-page catalogue 
of optical instruments and components. 


@ “Basic Concepts of Acrylic Emulsion 
Paint Technology,’’ based on lectures at 
the University of Florida’s short course in 
paint technology, is the subject of a new 
12-page brochure offered by the Rohm & 
Haas Co., Washington Square, Philadel- 
phia 5, Pennsylvania. 


@ For a new brochure describing proper- 
ties, applications and chemical reactions of 
dimethy] sulfide, write to: Crown Zeller- 
bach Corp., Chemical Products Division, 
Department P, Camas, Washington. 


@ Bulletin FS-268, ‘Fisher Polyethylene 
Ware,’”’ is now available from Fisher 
Scientific Co., 711 Forbes Sr., Pittsburgh 
19, Pennsylvania. 


@ Labline, Inc., 3070-82 West Grand 
Ave., Chicago 22, Illinois, has now pub- 
lished a new 16-page brochure on the 
Labline-Pure ‘“Corro-Dex’’ for determin- 
ing rates of corrosion. 


@ Write to Forest D. Snell, Inc., Depart- 
ment 77, 29 West 15th St., for their 
interesting new booklet, ‘How to Develop 
Successful Net Products.”’ 


@ The 1957 “Isotope Index”? is available 
at $3.00 each in the United States and 
Canada ($3.50 Foreign); sent postpaid. 
Order from Publications Depariment, 
Scientific Equipment Co., 23 N. Haw- 
thorne Lane, Indianapolis 19, Indiana. 


@ Consolidated Electrodynamics Corp. 
Rochester Division, 1775 Mr. Read Blvd., 
Rochester, New York, has a new ‘“(:eneral 
Catalogue’ on high vacuum equ pment 
for laboratory and industrial use. 


@ Just published by Minerals & hemi 
cals Corp., of America, Menlo Pari, New 
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Jersey, is a new 24-page technical publi- 
cation, No. 401, describing “Percolation 
Adsorptive Processes.’’ 


@ Copies of “The Industrial Chemistry, 
Properties, and Applications of Silicones’’ 

by Charles E. Reed, presented at the 
annua! meeting of the American Society 
for Testing Materials, is available from 
their office, 1916 Race St., Philadelphia 3, 
Penns\'lvania, at $1.50 each. 


e@The June issue of Lab-ORATORY 
announces the new location of its pub- 
lisher and features 16 pages of new labora- 
tory equipment recently added to their 
stock. Copies are available from Schaar 
and Co., 7300 W. Montrose Ave., Chicago 
34, Illinois. 


@ Will Corp. announces the publication 
of a6-page illustrated Lab Guide to Balance 
Weights. Includes new N. B. S. labora- 
tory weight classificatiens with tolerance 
for each plus a selection of balance weights 
by elass. Free copies on request from 
Will Corp. Lab Supply & Service Center: 
Rochester 3, New York. 


*% Teachers College, Columbia Univer- 
sity, asked 1000 high school teachers and 
administrators what they saw as the 
reasons behind current science enrollment 
trends in our high schools. More than 
600 of them responded within three weeks, 
and a summary of the results shows that 
the quality of teaching led all the other 
reasons given for science enrollment 
changes by a very wide margin. In those 
schools where such enrollments are in- 
creasing, good teaching was given the 
credit, although auxiliary reasons were 
mentioned. Among them were advice 
from well-staffed and well-prepared guid- 
ance counselors, favorable home environ- 
ment, national publicity on the need for 
scientifically trained personnel, and good 
opportunities in industry. 

For the schools where science enroll- 
ments are declining, the responsibility was 
placed primarily on poorly prepared or 
uninteresting teachers. Supplementary 
reasons given were, of course, the alleged 
difficulty of the subject, its conflict with 
extra-curricular activities, and inadequate 
guidance facilities. But in general it is 
the teacher who seems to hold the key to 
the situation. 

Without benefit of a survey we might 
extend the conclusion to the college level. 
Many « student with no intention of 
majoring in science has been drawn into 
4 scientific or engineering career by good 
teaching. Conversely, many a boy or 
girl has been repelled, if not by poorly 
prepared teachers, certainly by uninterest- 
Ing ones. 


% The American Association of Colleges 
of Pharmacy is pleased to present a book- 


(Continued on page A345) 
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Welch TRIPLE-BEAM BALANCE 
With Stainless Steel Beam And Pan 


Fast, Accurate 
Operation 


* Rugged, Compact 
Construction 


Good 
Sensitivity 

High 
Stability 

Long Service 


Low 


Maintenance 


SENSITIVITY: 
0.01 grams 


4030. TRIPLE-BEAM BALANCE, High Form. Each $27.50 
CAPACITY 111 g- 4031. AUXILIARY WEIGHT. Each $1.50 
(with extra weight 201 g.) 4030C. PLASTIC COVER For No. 4030. Each $1.60 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U.S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


NALGENE again proves its superiority 

in laboratory practice. Because they are light. 
they are easier to handle. Because 

they are NALGENE, they cannot break. 

This completely new series of six graduates 
is manufactured closely to glass graduate 
specifications and standard dimensions. 
Octagonal bases prevent rolling. 

They may be autoclaved 

under standard conditions 


Ask your dealer for vu: new catalog E-956. 


Cap. mi. 5o_| 100 | 250 | 500 | 1000 
Subdiv., mi. | 0] 2] 2 
8.50 


Each 3.20 | 3.40 |3.90 | 4.50 | 6.50 
Discount: Less 10% in lots of 12 per size 


ROCHESTER 2, N.Y. 


by 


LARGEST FABRICATOR OF POLYETHYLENE LABORATORY WARE 
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| 
NO. 4030 
4 
rc 
| unbreakable graduated cylinder: 
= 
| | 


| 
| 


Will it break before you get there? 


The three best students in your class. But, that’s 
the trouble. They’re always striking out on their 
own... trying their own experiments. 

But there is one big factor in their favor—your 
efforts to get them the safest equipment with which 
to work. 

That Pyrex brand flask, for example. It can 
take heat and heat shock. It’s made heavier and 
stronger than flasks fashioned of ordinary glass 
that can’t take heat. 

Or the graduated cylinder—it’s mounted on a 
stable, hexagonal base; has a built-in bumper at 
the top to cut down tip-over breakage. One large 


university tested them, found their students broke 
only one PyReEx cylinder to three of a competing 
brand. 

Specifying Pyrex brand is smart buying. Less 
breakage means lower cost over the years. And 
less likelihood of accidents. 

Write for your free copy of This is Glass. Its 
sixty-four pages describe what glass is, how it’s 
made, where it’s used. Enjoyable reading. 


CORNING GLASS WORKS 
dl 76-8 Crystal Street, Corning, N.Y. 


Coming means research in Gledd 


PYREX’ laboratory ware 


. .. the tested tool of modern research 
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there’s nothing like 


for resisting 
acids and 
corrosion! 


VULCATHENE 
is a tough, 
horn-like 


polyethylene 
. . practically 


unbreakable! 
Lighter than 
aluminum... 


... easily put 
together with 
threaded couplings 
or socket welds 
(polyfusion*). 


*patent applied for 


as, 


CORROSION 
VULCATHENE definitely 
does not corrode 

All surfaces remain 
smooth under extreme 
corrosive conditions. 


CHEMICAL RESISTANCE 
VULCATHENE resists 

all alkalies and most 
strong acids. 


SOLVENT RESISTANCE 
VULCATHENE is almost 
completely insoluble 

in all organic solvents 
at room temperatures. 


WATER RESISTANCE 

VULCATHENE has 

resilient elasticity 

that responds to 

freezing water and 

returns to original 
ickness. 


We invite your 


for more detailed information 
about Vulcathene equipment 


OUT OF THE 


Edttor's Basket | 


let, “Shall I Study Pharmacy,’’ which may | 
be ‘purchased from the Office of the Secre- | 
tary, College of Pharmacy, University of | 
Illinois, 833 South Wood St., Chicago 12, 
Illinois. Three copies for $1 00. 


* Intensive exploration in the field of 
ferroelectrics has resulted in the produc- 
tion of a new material, triglycine sulfate. | 
B. T. Matthias of Bell Telephone Labora- | 
tories has shown that this crystal has a | 
rectangular voltage hysteresis loop along | 
with other desirable properties which | 
make it promising for switching circuits | 
and memory devices. 


* The May-June issue of CEC, /Record- | . 


ings of Consolidated Electrodynamics | 
Corp., 300 North Sierra Madre Villa, 
Pasadena, California, has an unusual | 
article telling of giving an oil well the “hot | 
foot.’’ The General Petroleum Co. and 
eleven other oil companies are conducting 
a three-year experiment in thermal re- 
covery or fire flooding or ‘in situ’’ com- 
bustion. It involves burning a small 
amount of the oil in the underground 
reservoir which sufficiently decreases the 
viscosity of the remaining oil to allow its 
movement by air or gas to the surface. 


% The National Science Foundation 
announced today that applications will be 


accepted after June 10, 1957, for a second | 


group of Science Faculty fellowship awards 
to be made in this calendar year. Closing | 
date for receipt of applications is Septem- 
ber 3, 1957. The fellowships are offered 
as a means of improving the teaching of 
science, mathematics, and engineering in 
American colleges and universities. The 
primary purpose of these awards is to 
provide an opportunity for college and 
university science teachers to enhance 
their effectiveness as teachers. Fellow- 
ships are offered for study in the mathe- 
matical, physical, medical, biological, 
engineering, and other sciences, including 
anthropology, psychology, geography, and 
certain interdisciplinary fields. Approx- 
imately 60 fellowship awards will be made 
on October 18, 1957. 

Applications will also be accepted 
through September 3, 1957, by the 
National Science Foundation for a second 
group of postdoctoral fellowships to be 
awarded during 1957, both in the Senior 
postdoctoral and regular postdoctoral 
programs, Alan T. Waterman, Foundation 
Director, announced today. Fellowships 
will be awarded in mathematical, physical 
medical, biological, engineering and other 
sciences, including anthropology, psychol- 
ogy (other than clinical), geography, 
certain interdisciplinary fields, and areas 
of convergence between the natural and 
social sciences. Names of successful fel- 
lowship candidates will be announced on 
October 16 and 17, 1957. 

Application materials may be obtained 
from the Division of Scientific Personnel 
and Education, National Science Founda- 
tion, Washington 25, D. C. Completed 
materials must be received not later than 
September 3, 1957. Selections will be 


A superior sulfide precipitant free from 
hazards of H2S, Baker Thioacetamide, rea- 
gent grade, is a crystalline product of high 
assay and high purity, containing over 
40% available sulfide. It is very soluble in 
water, alcohol and benzene, hydrolyzing 
smoothly in either acidic or alkaline solu- 
tion to provide a convenient source of sul- 
fide ion for both the quantitative and 
qualitative separation of the ions of heavy 
metals. 


Thioacetamide is rapidly supplanting 
gaseous hydrogen sulfide as a precipitant 
because of its ease-of-use and freedom 
from noxious and corrosive properties. Sul- 
fides precipitated by Thioacetamide—un- 
like those with H.S—are coarsely crystal- 
line, dense, easily filterable, and the rate of 
precipitation can be more easily controlled. 


Baker Thioacetamide is ideal for class- 
room use, particularly when a hood is not 
employed. % pound may suffice for 50 stu- 
dents for the usual semester qualitative 
course. 

Baker Thioacetamide Reagent, Crystal, 
is packaged in one-ounce and one-quarter 
pound amber glass bottles. Like all ‘Baker 
Analyzed’ Reagents, each label bears the 
actual lot analysis of the contents. 


‘Baker Chemicals 


REAGENT + FINE + INDUSTRIAL 


announced on October 18, 1957. 


1. T. Boker Chemical Co. Bakey 
Philipsburg, New Jersey 


Please send review and articles describing the 
analytical use of Thioacetamid list of 
le, plus 
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4 major texts from Prentice-Hall... 


PHYSICAL CHEMISTRY, 2nd Ed. 


by Walter J. Moore, Indiana University 


CHEMICAL THERMODYNAMICS 


by Irving M. Klotz, Northwestern University 


QUANTUM CHEMISTRY 


by Kenneth S. Pitzer, University of California 


SOLID STATE PHYSICS 


by A. J. Dekker, University of Minnesota 


Approval copies available from — 


Presentinc THE MAIN LINES OF PRESENT EXPERI 
mental advances, the expanded 2nd edition shows 
clearly and precisely what has been accomplished 
in the field. The author devotes the first six chapters 
to Chemical Thermodynamics and its applications, 
thus giving the student a firm foundation of experi. 
mental material before introducing him to specialized 
atomic theories. Among other noteworthy fea. 
tures, the text includes an increased amount of care. 
fully graded problem material. 


633 pages 6” x9” © Published 1955 
Text list $7.50 


Exweuasizinc BOTH PRINCIPLES AND APPLICATIONS, 
Klotz’s text has two primary objectives: first, to 
present the logical foundations and inter-relation- 
ships of thermodynamic theory; and, second, to 
show the exact methods by which these basic prin- 
ciples may be applied to practical problems. A 
classical approach to thermodynamics is used, and 
stress is placed on operational definitions. Selected 
questions and problems stimulate reasoning. 


416 pages * 6”x9" © Published 1950 
Text list $6.50 


A RIGOROUS AND LOGICAL PRESENTATION OF ALL 
essential elements necessary for an understanding of 
Quantum Mechanics, this book reduces mathe- 
matical requirements to a minimum—thus making it 
possible to present quantum theory to a broader 
group of chemistry students. The principle por 
tion of the text is devoted to problems of direct 
chemical interest, and the presentation of pure 
quantum mechanics has been held to a thorough 
study of the real essentials. 


529 pages 53%" x8%" Published 1953 
Text List $8.00 


Desicnep AS A BASIC TEXT FOR COURSES IN SOLID 
State Physics, this new book is so organized as to 
make it of great value to chemistry students as well. 
The first section of the book deals essentially with 
topics which may be discussed in terms of atoms, 
with little or no explicit reference to the electron 
theory of solids; the second section deals with the 
electronic theory of solids. Problem sets are pro 
vided at the end of each chapter. 


540 pages © 6”x9" © Published Apri!, 1957 
Text List $9.00 


PRENTICE-HALL, INC. 


Englewood Cliffs, New Jersey 
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CONDUCTIVITY TEST SET 


Submitted by: A. J. Campbell, Oberlin College, Oberlin, 
Ohie 

Checked by: Gloria Miller, Vandercook Lake Public 
Schools, Jackson, Michigan 


PREPARATION 


Prepare a bank of light sockets wired in parallel but 
with switches so that any socket may be put in or 
taken out of the circuit. Place in the sockets: an 
argon glower bulb, a neon glower bulb, a 5-watt in- 
candescent lamp, a 10-watt incandescent lamp, and a 
25-watt incandescent lamp. Put the outfit in one arm 
of a conductivity test set. 


DEMONSTRATION 


The argon glower requires so little current that it will 
show the conductivity of glycerine, absolute ethanol, 
water, and other very weak electrolytes, and will even 
discriminate between them by lighting to different 
degrees. 

The neon glower requires more current, hence picks 
out somewhat stronger electrolytes. 

The incandescent lamps can be used to differentiate 
the usual solutions and can be used in electrometric 
titrations. They will be extinguished one after an- 


other and then relit as the end point is reached and 


FLOCCULATING AGENT 


Submitted by: R. K. Birdwhistell, Michigan State Univ. 
Checked by: Gil Gordon, Michigan State University 


PREPARATION 


Obtain two 250-ml. cylinders, three droppers, Alu- 
minon reagent, 0.1 N ammonium hydroxide, small crys- 
tals of aluminum sulfate, and a solution of 1 g. of 
Sepran* dissolved in 100 ml. of water. 


DEMONSTRATION 


Dissolve a pea-size crystal of aluminum sulfate in 500 
ml. of water, add ammonium hydroxide dropwise until 
a light precipitate appears. Add 3 ml. of Aluminon 
reagent to color the precipitate. Thoroughly mix to 
distribute the precipitate throughout the liquid. Place 
equal portions in the two cylinders. Add a 5-ml. por- 
tion of the Sepran solution to one cylinder and care- 
fully swirl. (Rapid agitation produces a foam and de- 
creases the effectiveness of the demonstration.) Add a 
second 5-ml. portion of the Sepran solution and swirl 
again. Compare the contents of the two cylinders. 
The evlinder containing the flocculating agent shows a 
good separation of the precipitate and may be filtered 
successfully. 


REMARKS 


This technique may be used in the normal qualitative 
procedures to facilitate the separation of colloidal sus- 


-* Commercial name of flocculating agent manufactured by 
Dew Chemical Company. 
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pensions frequently encountered in the hydrogen sulfide 
precipitation of the copper-arsenic group. An alter- 
native demonstration is to show the effect of the floc- 
culating agent when it is added to colloidal dispersions. 
This may be conveniently demonstrated on a test tube 
scale by means of a projector. 
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Welch 1956 Edition of 


CHART OF THE ATOMS 


As revised by William F. Meggers of the U. S. Bureau of Standards 


49 iy 


SIZE 
42x 58 
INCHES 


LITHOGRAPHED IN SIX COLORS 


The principal items portrayed on the chart are as follows: 


Atomic Name and Symbol 
Atomic Number 
Atomic Diameter 
Atomic Weight 
Boiling Point 
Configuration of Atom 
Crystal Lattice 
Density 
Diamagnetism 
Electron Shell Groups 
Electronegativeness 
Electropositiveness 
Elementary Particles 
End-Atom Cubic Structure 
End-Atom Number For- 

Ppansivity 
Group (Column or Family) 
Ionization Potential 


Isotopes 

Lowest Spectral Term of 
Normal State 

Mass-Energy Equivalent 

Melting Point 

Nuclear Composition 

Paramagnetism 

Periods (Rows) 

Planets 

Quantum States of Va- 
lence Electrons 

Radioactive pone 

Specific Hea 

State (Solid, ‘Liquid, Gas) 

Valence (Chemical) 

Valence (Electronic) 

Valence (Ionic) 

Young’s Modulus 


4854. CHART OF THE ATOMS. 1956 Edition. 
With formed-metal chart molding at top and bottom, 
with eyelets for hanging. Each, $7.50 
4854A. CHART OF THE ATOMS. 1956 Edition, 
on ee Roller. Mounted on a spring roller within a 
metal case, suitable for permanent wall mounting, and 
including key booklet. Each, $15.00 


4858. KEY, For Chart of the Atoms. Many students 
want their personal copy of the key booklet for further 
study and review. Teachers often make the study of 
the or the subject of special reports. 
Each, $ er Dozen, $9.00 Lot of 100, $65.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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By GEORGE H. MORRISON, Sylvania Electric Prod- 
ucts, Inc.; and HENRY FREISER, University of Pitts- 
burgh. Designed to fill the need for a comprehensive text 
in this field, this volume offers a generalized theory to 
show the similarity among the many metal extractions. 
The first part is devoted to the principles of solvent ex- 
traction and their classification. Aspects such as the 
formation of metal complexes, distribution of extractable 


By GILBERT FORD KINNEY, U.S. Naval Postgradu- 
ate School, Monterey, California. Describes the various 
plastics in the order of increasing complexity. A unified 
treatment, rather than a topical approach, permits the 
principles, concepts, and terminology to be established 
in the simpler cases, and utilized in the treatment of the 


By CHEVES WALLING, Columbia University. Devel- 
ops and correlates the theory of radical reactions and 
applies this unified approach to all the known types. 
Prof. Walling demonstrates that all these reactions go 
through a small number of types of reaction-step, and 
that rather simple concepts of structural effects on re- 
activity can account for the great variety of overall re- 


Editor-in-Chief: JAMES CASON, University of Cali- 
fornia, Berkeley. Dealing with 32 new syntheses, this 
latest volume in the annual series brings together the 


By ROBERT W. COWGILL, University of Colorado 
School of Medicine; and ARTHUR B. PARDEE, University 
of California, Berkeley. Brings to the graduate student 
many of the valuable research techniques of modern 
biochemistry. Included are such powerful new tools as 
radioisotope methods, electrophoresis, paper chromatog- 


By E. J. CRANE, Chemical Abstracts Service; the late 
AUSTIN M. PATTERSON; and ELEANOR B. MARR, 
Hunter College. Shows students how and where to find 
recorded chemical information. Among the new material 
in the second edition are chapters on trade literature and 
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Some important texts and references for Fall classes . . . 
SOLVENT EXTRACTION in ANALYTICAL CHEMISTRY 


ENGINEERING PROPERTIES and APPLICATIONS of PLASTICS 


ORGANIC SYNTHESES, Volume 37 


A GUIDE to the LITERATURE of CHEMISTRY, 2nd Edition 


ION-EXCHANGE RESINS 
By J. A. KITCHENER, University of London. One of Methuen’s Monographs on Chemical Subjects. 


Send today for your examination copies. 


rrsme JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N.Y. 


species, and chemical interactions in the organic phase 
are dealt with in detail. The second section is concerned 
with the practical aspects, including apparatus and tech- 
niques. The third part contains a valuable survey of the 
many individual extractions, arranged in a logical pat- 
tern, and the last part provides a selection of procedures 
for the extraction of elements. 1957. 269 pages. $6.75. 


more complex materials. Separate chapters describe 
methods for fabrication, as well as the mechanical, elec- 
trical, optical, and thermal properties of these materials. 
Also provided is an abbreviated survey of the type reac- 
tions of organic chemistry. 1957. 288 pages. $6.75. 


sults. He emphasizes the quantitative use of thermo- 
dynamics and kinetics to explain and predict results. The 
effect of changes in structure on reactivity is discussed 
in terms of three factors: resonance energy of radicals, 
steric effects, and polar effects. Ready in Sept. Approx. 
575 pages. Prob. $14.50. 


work of 59 contributors. Every reaction has been care- 
fully checked and tested for accuracy by leading chemists. 
Ready in Sept. Approx. 118 pages. Prob. $4.00. 


raphy, gas chromatography, and methods used for en- 
zyme isolation, enzyme assay, and the study of intermedi- 
ary metabolism. The material is presented in such a 
way as to encourage a “‘research attitude’ on the part of 
the student. 1957. 189 pages. $3.50. 


government publications of interest to chemists. Par- 
ticular attention is given to listing collective indexes 
and to giving the changes that have occurred in the names 
of important journals. 1957. 397 pages. College Edition, 
$8.00. 
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“For Scientists Everywhere” 


New STANTON 
THERMO-RECORDING BALANCE 


Heats, Weighs and 
Records Simultaneously 


“Heat to constant weight"’ is accomplished easily in 
research or for process control. 

Features include automatic electric weight loading, 
wear resistant knives, sapphire planes and full air- 
damping. 


STANTON THERMO-RECORDING 
BALANCE Model TR-1 
Electric weight loading, twin electronic recorder and 
standard furnace with simple program control. A 


cam, which can be modified, provides uniform rate of 
heating. Sensitivity 1 mg. 


Burrell Cat. No. 2-569-41.........2++++ ++ 4,550.00 
Price listed is F.O.B. Pittsburgh, Pa. 


Other models available—for thermo-recording or recording 
only—sensitivities 1 mg. or 0.1 mg. 
Ask for Bulletin No. 329 


BURRELL CORPORATION 
Scientific Apparatus and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


POLYETHYLENE 


2 PIECE 


BULEHNER 
FUNNEL 


55 mm. $2.75 Each: 
Case of 8 $18.00 


70 mm. $5.00 Each 
Case of 6 $25.00 


90 mm. $6.00 Each: 
Case of 4 $21.00 
Immediate 


ACE GLASS INCORPORATED 
VINELAND @& NEW JERSEY 
639-41 SOUTH HANCOCK 
LOUISVILLE, KY. 
Glassware Specialists to Industry and Research 


Recent Sooke 


ent knowledge of six-membered _heter.- 
cyclic rings, and benzo derivatives, in 
which two atoms of the common heteo 
elements, nitrogen, sulfur, and oxygen 
are found. Thus the material covered 
in Volume 6 follows the logical sequence 
established in earlier volumes. 

For the major part of the material dis- 
cussed the English and German literature 
up to 1956 is included, in spite of the fact 
that this required the re-writing or en- 
larging of some of the chapters whose 
original completion date was not syn- 
chronized with the final publication date. 
The fact that both English and German 
abstracts were used makes the presenta- 
tion reasonably complete and up-to-date. 
However, no attempt has been made by 
the authors to “present encyclopedic 
coverage,’ but only to describe the 
major principles outlined by the references. 

A further contribution of this book 
lies in its systematic and well organized 
treatment of the nomenclature of the 
chemicals discussed. A great deal of 
confusion is possible in the field under 
consideration because of the tendency of 
the older literature to follow individualis- 
tic naming methods. A conscious at- 
tempt was made in this presentation to 
eliminate this confusion. Various means 
were used to implement this aim. For 
example, the aid of the ‘Ring Index is 
constantly utilized. Moreover, wher- 
ever alternate names are possible, both are 
given. Also, the possible variations of 
naming or numbering due to protonic 
shifts are included. In addition to this 
the most commonly used names for the 
compounds are given prominence. The 
combination of all of these factors serves 
to largely eliminate any confusion that 
existed. 

In spite of the fact that many of the 
compounds are physiologically active, the 
authors have not allotted much time or 
space to the discussion of practical appli- 
cations. Considering the nature of the 
presentation this would seem to have 
been a wise course. 

The practice of thorough and complete 
indexing which is followed in this volume 
and series is very desirable. 


FRANK O. GREEN 


WHEATON COLLEGE 
Wuearton. 


LABORATORY EXERCISES IN GENERAL 
CHEMISTRY 


Morris F. Stubbs, Professor of Chemis- 
try, New Mexico Institute of Mining and 
Technology, and W. Norton Jones, Jr. 
Professor of Chemistry, McMurry College. 
William C. Brown Co., Dubuque, Jowa, 
1956. vi + 280 pp. 22 figs. 22 x 28 
cm. Paper bound. $3.25. 


Tuts manual includes  experinients 
demonstrating general principles of chem- 
istry but is carefully designed to give 
prominence to descriptive chemistry. 
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common anions and cations. 


line 


tists use “F’’ 
fluorine, and Faraday. 


students. 


experienced by the student in repeated 
use of the terms molarity and normality, 


equivalent weight. 


tive background. 


Louisiana State UNIVERSITY 
Baton Rouge, Louisiana 


TEXTBOOK OF POLYMER CHEMISTRY 


Fred W. Billmeyer, Jr., University of Del- 
aware and Polychemicals Department, E. I. 
du Pont de Nemours and Co., Inc. Inter- 
science Publishers, Inc., New York, 1957. 
vii + 518 pp. 184 figs. 51 tables. 
15 X 23 cm. $10.50. 


Tuts book is a comprehensive treatise of 
polymer chemistry, covering all aspects of 
the subject from the fundamental physical 
chemistry of polymers to details of com- 
mercial plastics, fibers, ete. The book 
is divided into five sections: Introduction, 
Physical Chemistry of Polymers, Kinetics 
of Polymerization, Properties of Plastics, 
Properties of Fibers and Properties of 
Elastomers. There are three appendixes 
giving a useful glossary of symbols, a 
table of physical constants, and a list of 
trade names. Each section is divided into 
numerous small chapters; for example, 
there are 16 chapters in the second 
section, 13 in the third, ete. 

The author is a well-known industrial 
high polymer chemist, but one who has 
also given courses in this subject at the 
University of Delaware. Thus, in the 
writing of the book he has been able to call 
on a wealth of information gained from 
his industrial researches as well as from 
his experience as a teacher. Practically 
every aspect of polymer chemistry that 
this reviewer can think of is treated in the 
book, except the subject of the specific 
heats of high polymers and their heats of 
fusion. 

_ The “book was written as a textbook 
in the organic and physical chemistry of 
high polymers’ for use in graduate level 
courses. But for a course devoted solely to 
the phvsieal chemistry of high polymers, 
for example, the student will have to 
supplement his reading in this book with 
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There is a wide choice of experiments with 
special emphasis on the preparation of 
inorganic substances and the study of 
their properties. One experiment on the 
hydrocarbons and their derivatives gives 
the student an idea of the behavior of 
some organic compounds and how the 
classes can be recognized. Eight semi- 
micro qualitative analysis experiments are 
designed to guide the student in determin- 
ing a scheme for the analysis of some 


The letter “F’’ (formula weight) is 
used for quantity of solute per liter, in 
with the modern trend in some 
laboratory manuals and textbooks. Scien- 
to denote Fahrenheit, 
This addition of 
“F’’ adds to the confusion for beginning 
It is a needless sidestepping of 
precise understanding which could be 


gram molecular, gram formula, and gram 
As a whole this manual is entirely 


desirable and satisfactory for the students 
who do not need an extensive quantita- 


MAUD B. PURDY 


considerable studies of the literature, as 
the exposition of most of the topics taken 
up by Billmeyer is rather brief. Happily, 
numerous references are given which will 
enable the student to delve more deeply 
into any topic that interests him. 

The author is to be congratulated for 
his fine organization of the complex and 
extensive subject of polymer chemistry and 
for his clear writing. From the standpoint 
of textbook writing it is somewhat 
regrettable that the whole field of polymer 
chemistry is advancing so rapidly that 
many aspects of the subject become out of 
date almost as soon as the book is 
published. Nevertheless the compre- 
hensive compendium of Billmeyer will be 
useful for many years to come. 


MALCOLM DOLE 
NORTHWESTERN UNIVERSITY 
Evanston, ILLINOIS 


THE CHEMISTRY OF PETROCHEMICALS 


Marvin J. Astle, Professor of Chemistry, 
Case Institute of Technology, Cleveland, 
and Consultant to Petrochemical Indus- 
tries. Reinhold Publishing Corp., New 
York, 1956. v + 267 pp. 3 figs. 40 
tables. 16 X 23.5cm. $6.50. 


Tue word “petrochemical’’ is of the 
kind defended by the caterpillar in ‘Alice 
in Wonderland.’’ It means what the user 
wants it to, notwithstanding derivation or 
the American Chemical Society (cf. Chem. 
Eng. News, 33, 2112 (1955); 34, 2548 
(1956)). On the caterpillar’s side is a sub- 
stantial group, including Dr. Astle and the 
author (Bland, Petroleum Processing, 10, 
1291 (1955))of the following definition: 
“Petrochemical: a chemical compound or 
element recovered from petroleum or 
natural gas or derived in whole or in part 


Most people get along perfectly well with 
the automatic pipette on the right. 

But a few want an $ ground joint in 
place of the rubber stopper. So we offer 
the design on the left. 

Such variations are minor, but if they 
help you do your work better they’re 
important. 

If you're at all familiar with our cata- 
log of special apparatus, numbered CA-2, 
you know to what lengths we’ll go to make 
sure you get these minor variations, too. 

BUT-—and this may be most important 
to you—if you fail to find what you want 
in either our Standard Labware Catalog 
LP-36, or in our Special Apparatus Cata- 
log CA-2, don’t despair. Sketch what you 
want and our Special Ap: tus Depart- 
ment will quickly make the item to your 


The ¥ difference is slight but iepertend 


Our prices for custom made ware are 
reasonable, delivery is fast, our workman- 
ship unexcelled. When you need some- 
thing special, come to Corning and get all 
that only we can give you. 


a CORNING GLASS WORKS 


70-8 Crystal Street, Corning, N.Y. 


Please send me a copy of your Special Apparatus 
Catalog CA-2. 


Title. 


specifications. 
PYREX® laboratory ware 
.-. the tested tool of modern research 
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balance construction in many years. 

In addition to other fine features is the......... 
UNDIVIDED TARE BEAM and POISE 
which makes possible direct reading of net value 
thereby greatly increasing the utility of these fine 

new balances. 
TARE CAPACITY: 160 GRAM 


AU ‘ represent the greatest advance in trip 


SCALE CORPORATION 
1050 COMMERCE AVE. 
UNION, NEW JERSEY 


The new NALGENE [HH] funnels are made in exactly 
60° cones. Notice the 58° inner ribbing that assures 
rapid filtration. The outer ribbing allows air release 
when used directly on a container. Molded from 
linear POLYETHYLENE for higher tensile strength, 
greater rigidity, and high temperature 

resistance, here is in fact..... 


the first series of Plastic Funnels 
designed specifically for Analytical Chemistry 


The 
At Laboratory Supply Dealers Everywhere ALGE (0 Inc 


Catalog Number 1235 [HH] ROCHESTER 2,NEW YORK 


1.D. at top 55 
Stem length 60 
For paper dia. ...... mm 90 
Number in each case... . 36 
Price each .30 
Less 10% in case lots, less 15% in assortments of 5 cases. 


Recent Sooke 


from petroleum or natural gas hydr.- 
carbons and intended for chemic.] 
markets.”’ 

This book is a little narrower than thai. 
It does not include such very simpie 
derivatives as hydrogen, sulfur, carbon 
black, carbon dioxide, and carbon dis: |- 
fide (but does cover ammonia). In tlie 
direction of complexity, it ignores mixtures 
that are marketed as such—alkae 
fractions used as solvents, naphthenic 
acids, the products of chlorinating aid 
sulfonating the higher alkanes, and of 
course fuels and lubricants. But between 
these extremes it deals expertly and 
comprehensively with the variety of 
industrially important compounds and 
processes based on petroleum and natural 
gas. Successive chapters outline the 
preparations and reactions of paraffins, 
olefins, diolefins, acetylene, naphthenes, 
arenes, epoxides, alcohols, ethers, carbony! 
compounds, acids and their derivatives, 
and amines. 

In a field as fast-moving as this it is 
not always possible to tell exactly what 
process is currently in use. The author 
therefore has outlined general principles 
and many illustrative patents. About 
half of the 575 references cited are patents. 

It is difficult to find any classical or 
recent development that is not treated in 
this book, and treated excellently. Litera- 
ture coverage appears complete up to 
early 1956. The author’s own back- 
ground and interests are shown in 
unusually full discussions of chlorination, 
nitration, and fluorination; here as in 
other places he has elected to present some 
reactions for their potential rather than 
their present importance. The approach 
is almost entirely preparative rather than 
theoretical. The reviewer missed discuss- 
ions of urea, methanethiol, 2-hydroxy- 
methyl-2-methy]-1,3-propanediol (tri- 
methylolethane), and alkylated phenols. 
Some misspelled names of products and 
processes (Arosorb, Acrilan, Emulphor, 
Girbotol) and of authors escaped the 
proofreader’seye. There is also a tendency 
to ignore the nomenclatural rule about 
nonseparation of such words as methyla- 
mine and ethylbenzene. 

These are only minor flaws in a very 
readable and well-organized presentation. 
The book is highly recommended. 


O. C. DERMER 
Ox.anoma A. AnD M. CoLLEecEe 
STILLWATER, OKLAHOMA 


ORGANIC CHEMISTRY, VOL. II: 
STEREOCHEMISTRY AND THE CHEMIS- 
TRY OF NATURAL PRODUCTS 


I. L. Finar, Senior Lecturer in Orvanic 
Chemistry, Northern Polytechnic, Hollo- 
way, London. Longmans, Green and Co., 
New York, 1956. x + 733 pp. figs. 
and tables. 15.5 ~ 22cm. $8.50. 


Tus excellent, volume begins with @ 
brief chapter on Physical Propertie~ and 
Chemical Constitution. The te! 
then divided into two main parts. S'cre0- 
isomerism has these chapter titles: © tical 


JOURNAL OF CHEMICAL EDUCA ION 


uy 
st! 


fx 


VOLt 


for brochure... .. 
a4 
3 
he 
| 
an) 
100 125 
185 240 


hydr.- 
hemic | 


in that. 
simple 
earbon 
disi |- 
In the 
1ixtures 
~alka:ie 
hthe1 ic 
ng anid 
and of 
vetween 
ly and 
ety of 
ds and 
natural 
ne the 
araffins, 
ithenes, 
arbony! 
vatives, 


lis it is 
ly what 
author 
inciples 
About 
patents. 
sical or 
-ated in 
Litera- 
up to 
1 back- 
in 
ination, 
2 as in 
nt some 
er than 
pproach 
ver than 
discuss- 
ydroxy- 
(tri- 
phenols. 
ets and 
aulphor, 
ed the 
endency 
e about 
nethyla- 


a very 
ntation. 


ER MER 


with a 
ties and 
ter! is 
Si ereo- 
Optical 


SA TION 


Recent Sooke 


Isomerism; Walden Inversion; Geometri- 
cil Isomerism; Stereochemistry of 
Diphenyl Compounds; Steriochemistry of 
Elements Other than Carbon. The 
chapters treating the chemistry of natural 
products are: Carbohydrates; Terpenes; 
Curotenoids; Polycyclic Aromatic Com- 
pounds; Steroids; Heterocyclic Com- 
pounds Containing Two or More Hetero- 
Atoms; Amino Acids and Proteins; Alka- 
loids; Anthocyanins; Purines and Nucleic 
Acids; Vitamins; Chemotherapy; Haemo- 
globin, Chlorophy! and Phthalocyanines. 

ach chapter is concise, thoroughly 
up-to-date and concludes with a brief but 
stimulating list of references. An index of 
authors and an index of subjects, with 
name reactions included in the latter, are 
provided. The wealth of material com- 
pacted in this volume would be suitable 
for an advanced undergraduate semester 
course in organic chemistry or, with 
supplementary reference materials, for a 
semester graduate course. 

Only a few highlights of the topics can 
be cited. Dipole moments, solubility and 
X-ray analysis, the refrachor, and neutron 
diffraction patterns are dealt with. The 
use of three-dimensional models for 
optical isomers, and their planar represen- 
tations, are given precisely. The terms 
(+) and (—), dextro and levo, p and L 
are all employed with clarity. 

Especially noteworthy is the _ best 
evidence for configurations of a- and p- 
anomers, and the proofs of structures and 


configurations of carbohydrates, not only 
from traditional information but also by 
modern X-ray and oxidative methods. 
In developing material in the second 
section, the author takes pains to select 
important proofs of structure, synthesis, 
and mechanisms of reactions. 

There are errors and omissions, but 
these are relatively unimportant. In 
describing the Wagner-Meerwein re- 
arrangement, an unfortunate error refers 
to an intermediate carbanion rather than 
a carbonium ion. The “concerted action’’ 
idea would be useful in connection 
with the bromonium ion intermediate and 
with the mechanism for the Beckmann 
rearrangement. Too frequently the author 
infers or states that a compound is found 
in several sources, without giving even 
one source. It is interesting to find the 
structure for the antibiotic, mycomycin, as 
the only known natural allene, with 
optical activity. The mechanism of 
stereospecificity in dehydration of allyl 
alcohols to allenes might be suggested. 
Some errors in nomenclature occur. A 
reference to Selwood’s book on “‘Magneto- 
chemistry’’ should be cited in connection 
with the topic of magnetic susceptibili- 
ties. Certainly reference should be made 
to Jack Hine’s ‘Physical Organic Chem- 
istry.’’ Nevertheless, the author has 
guided a sensible course through the 
prolific array of information with remark- 
able continuity. 

JOHN LEO ABERNETHY 
Fresno State 
Fresno, CALIFORNIA 


(Continued on page A354) 


For metals separation; removal of metallic impurities; 
preparation of metallic sulfides; 

analytical laboratories; reaction with 

numerous functional organic compounds 


Matheson H.S 


Compressed, liquified hydrogen sulfide 
in 5 convenient, ready-to-use cylinder sizes. 
Minimum Purity: Purified 99.5% ; Technical 98.5% 


Simplify your gas usage problems with safe, easy-to-use 
Matheson compressed gases. 76 gases plus custom 
mixtures. Flow and pressure controls individually tailored 
for each gas and your needs. Our Enginecring 
Department will be glad to recommend compressed gas 
systems to suit your requirements. 


The Mathes 


Compressed Gases and Regulators 
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Company, Inc. 


East Rutherford, N. J.; Joliet, Tl.; Newark, Calif. iL : 


YOURS FREE 


StS Membrane Filter Folder 


Detailed information and 
simple directions for use of 
membrane filters. This folder 
describes the new S&S “Bac- 
T-Flex’", flexible membrane 
filter with a larger, green-col- 
ored grid designed for easier, 


Filtration Chart 


This desk-sized chart 
at a glance which 
filter paper to use for a 
given analysis. Gives rela- 
tive retention values of 
S&S Analytical Filter 
Papers and other brands. 


S&S i 

are known for their consistent 
accuracy, physical uniformity, 
and a wide variety of —_ 
Make your own tests. Com- 


**‘Bac-T-Fiex”’ is a trademark gr 


Carl Schleicher & Schuell Co. 
Dept. JC-87 Keene, New Hampshire 


i Send your free S&S 
Membrane Filter Folder 
Fitte: Peper Sampler Filtration Cert 
Nome. 


AAde. j 


City. State. 
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SEWAGE TREATMENT 


Karl Imhoff, Consulting Engineer, Essen, 
Germany, and Gordon M. Fair, Professor 
of Sanitary Engineering, Harvard Univer- 
sity. Second edition. John Wiley & 
Sons, Inc., New York, 1956. 338 pp. 
Many figs. and tables. 14 xX 21 cm. 
$7.50. 


Tuis second edition of what is known as 
“the standard work on sewage treatment’’ 
has been completely rewritten. This book 
is not a treatise; yet, presents in a concise 
(and occasionally too abbreviated) man- 
ner modern day theory and practice of 
sewage treatment. The authors have 
gathered a wealth of facts and information 
and arranged the material logically into 
eighteen chapters. For example, Chapter 
2, Composition of Sewage, Chapter 5, 
Chemical Precipitation, Chapter 10, Chlo- 
rination, and Chapter 16, Water-Borne 
Industrial Wastes, well illustrate the scope 


of the material. Simple arithmetical 
calculations are employed with frequent 
examples given in order to illustrate the 
use of various formulas and equations. 
Figures are legible and easily under- 
stood. 

A negligible knowledge of chemistry is 
expected of users of this book. The brief 
chemistry included is not always consistent 
with modern day usage. Erroneous or 
incomplete portions include: ‘the molec- 
ular weight of hydrogen is 1.008,’’ the 
use of mol instead of mole, and 2Fe+++ + 
60H- = Fe.0;.xH.0. 

Some references are given as footnotes 
in the text, and Appendix 1 consists of 
general references and a rather complete 
chapter-by-chapter bibliography. Ap- 
pendix 2 consists of a list of abbreviations, 
symbols, and conversion tables for various 
weights and measures. An adequate index 
is present. 

This new edition will be of value to 


ALCOJET 


MANIC AL WASHING 


~~ ALCONOX, INC. 


4354 


853 BROADWAY, NEW YORK CiTy 3, N. Y. 


Yes, we’re bragging—and understandably so; 
because we back our elaim with the uncondi- 
tional guarantee that if ALCOJET is not the 
finest machine detergent you have ever used, 
please return the empty box for a full 

cash refund. 

If you use a machine washer to clean 
laboratory glassware, Porcelain, Metal or 
Plastic equipment use ALCOJET, the detergent 
specifically designed to prevent streaking, 
spotting or film residues. 

ALCOJET is made by the manufacturers of 
ALCONOX, the world’s leading hospital 

and laboratory detergent for hand washing. 
Order from your regular Alconox supplier or 
write direct to Department M for free sample 
and additional information. 


operators of sewage treatment plants and 
students of sanitary engineering. 
JAMES M. PAPPENHAGIN 


CoLLEeGE 
GamBIER, OHIO 


ORGANIC ANALYSIS. VOLUME III 


Edited by John Mitchell, Jr., I. ™. 
Kolthoff, E. S. Proskauer, and 4. 
Weissberger. Interscience Publishes, 
Inc., New York, 1956. viii + 546 pp. 
57 figs. 109 tables. 15.5 X 23.5 cm. 
$11.50. 


the appearance of Volume 
in this excellent series of volumes on 
organic analysis, the editors and authors 
have again made a valuable contribution 
to the chemical review literature. Many 
tedious hours of literature search are 
eliminated by the comprehensive «nd 
critical treatments of functional group 
analysis provided in the three available 
volumes. The present work includes six 
chapters—(1) Determination of Organic 
Acids, i.e., macro and semimicro methods 
for determining carboxylic acids, sulfonic 
acids, phenols and related compounds; 
(2) Determination of Acid Anhydrides; 
(3) Determination of Amines and Amides, 
and including imides, imines and quater- 
nary ammonium compounds; (4) Deter- 
mination of Olefinie Unsaturation; (5) 
Analytical Mass Spectrometry; (6) Syn- 
thetic Organic Coating Resins, with 
emphasis on characterization and deter- 
mination of some commercially important 
classes—and brings the number of broad 
topics discussed to a total of 24. The 
cumulative subject index of Volume II 
has here been expanded to a convenient 
38-page index covering all three volumes. 

The general scheme of the individual 
authors has remained the same: to 
survey the analytical literature and 
provide ample bibliography which may 
be consulted for details of less widely 
useful analytical methods, and to limit 
their discussions of detailed procedures to 
the more important, widely applicable 
methods. The concern is not only with 
functional group determination in pure 
compounds and simple mixtures, but 
also with determinations that can be used 
for mixtures and pure compounds con- 
taining interfering functional groups. 

More than one-third of the text of the 
present volume is devoted to determin- 
ations of olefinic unsaturation, because of 
the great mass of literature available in 
this field and because the authors o! the 
chapter feel that the whole subject, 
including both the newer chromatogr: phic 
and spectroscopic techniques and _ the 
older classical methods, can be beneficially 
reviewed. Of the 2000 articles in the 
chemical literature which came to the 
authors’ attention, 698 have been inc!uded 
in their bibliography, and the chapter 
contains a six-page table of recommended 
methods, with helpful general comments, 
for determining each of the large v:riety 
of types of olefinic unsaturation. This isan 
example of the care and commen iable 
thoroughness with which the topics 1 
this volume, and in the previous vol\mes, 
have been treated. 


FRANCES BER! i NER 
Bryn Mawr 
Bryn Mawr, PENNSYLVANIA 
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SATION 


Photometers 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 
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————KLETT SCIENTIFIC PRODUCT 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


| 


Klett Manufacturing Co. 


| 179 EAST 87TH STREET, NEW YORK N. Y. 
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SEMI-MICRO APPARATUS 


Lene’ Semi-Micro apparatus is yours for the ask- 


Tyfccte ing. Write for your copy today. 


IMPROVED WACO SEPARATOR 


Speeds up laboratory procedures. 
Completely safe for student use. 
Economically priced. Silent smooth 
operation. Ruggedly-built for long life. 


No. CE-2314-M. WACO Separator 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test 


tubes (other selection i itted). 
es ( sel is perm ) Each $47.00 


The tenth student need not wait ten 
minutes. ..the WACO permits quick 
stopping through slight palm pressure. 


At the price they class as “No»Returnables”! 


HAND FINISHED Spatulas, perfectly shaped for Semi-Micro Quali- 
tative and Organic Chemistry. WACO Monel Spatulas are nicely 
balanced, permanent pieces. Glassware breakage is reduced as 
scratching is eliminated. 


No. CE-7027.. WACO Monel Spatulas, 175 mm. long, blade 23 X 5 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 
Bottom rounded. In 100 lots $24.00, $3.10 per doz. 


Beautiful. ..reagent resisting...strong, Styrene Plastic. Your stu- 
dents take real pride in their own set...and this stimulation of 
interest, through use of this NEW modern tray, means much! 


No. CE-7905. WACO Plastic Tray. For 14 Dropper Bottles 15 ml. 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO S1, ILLINOIS 


WACOJ 
I 
Lou 
lishers, 
346 pp. 
3.5 cm, Klett-Summerson 
4 
— No. 900-3 : 
> 
The Klett Fluorimeter NO WAITING 
| 
= 
al 
RED STYRENE 
| PLASTIC 
| WACO ; 
| BOTTLE 
| ; 
| | 
No. CE-7995-B. for 12 bottles, 30 mi. Each.............60¢ ; 
— WILKENS-ANDERSON Co. 


Multiple 


Evaporator 


High Capacity 
Fast Evaporation 
Multiple Use 


Designed to provide large scale, rapid 
evaporation without elevation of tem- 
peratures; offers rapid evaporation of 
low volatility solvents with capacity of 
2000 ml. From one to four evapora- 
tions carried out simultaneously, flasks 
are quickly and easily interchanged. 
Driven by a 115 Volt AC motor operat- 
ing an enclosed chain-drive mechanism, 


rotates at a constant speed of 56 rpm at 
approximately 36 inch-ounces of torque. 
Large (12”x16”) cast aluminum H-type 
support base for maximum stability. 


39479 — Multiple Unit, 4 Stage Rinco 
Evaporator; complete with base and 
adjustable column, but less glassware 
and tubing $390.00 


Write for Bulletin .................... 19-103 


ALOE SCIENTIFIC 


DIVISION OF A. S. ALOE COMPANY 


5655 Kingsbury, St. Louis 12, Mo. 


LOS ANGELES @ PHOENIX @ SAN FRANCISCO 
SEATTLE DENVER #£=MINNEAPOLIS 
KANSAS CITY @ DALLAS @ NEW ORLEANS 
WASHINGTON, D.C. © ATLANTA 
PITTSBURGH e MIAMI 


SERIES 1200 


SERIES 1300 


PARR BOMB 


Calorimeters 


For determining the heat of combustion 
of solid or liquid fuels, using oxygen 
(or sodium peroxide) as the oxidizing 
medium. All have electric motor driven 
stirrers, thermometers and all acces- 
sories for testing solid and liquid fuels. 


Series 1200-Adiabatic Type with Self- 
Sealing Oxygen Bomb. Has circulating 
water jacket enclosing the bomb cham- 
ber. Jacket temperatures are easily 
adjusted for adiabatic operation, thus 
eliminating radiation corrections. Stur- 
dy, well suited for routine or research 
calorimetry. 


Series 1300-Plain Type with Self-Seal- 
ing Oxygen Bomb. Has non-metallic 
dead-air insulating jacket. Radiation 
corrections are required. Excellent for 
occasional or routine tests, or for stu- 
dent instruction. 


Series 1400-Plain Type with Sodium 
Peroxide Bomb. Jacket construction 
similar to Series 1300. Useful for rov- 
tine fuel tests, especially in localiti 
where compressed oxygen is not readi- 
ly available. 


Your Parr Dealer will gladly 
furnish information and prices, of 
write direct. 
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For SPEEDY, PRECISE WEIGHING . 
NO LOSS iN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
easy—rinse material directly funnel tip 


into receiver. Stable, flat base . . . lightweight. 
Catalog No. | Diam. (mm) Length (mm) |Price, dozen 
12803 15 4” 9.00 
25 65 10.50 
12805 38 100 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Wath Bote 


Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces . . 
rubber bulbs. With- 
stands flexing indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 15721 15722-15723 15724 
Capacity 30 60 125 250 $00 
Price 1.15 1.20 1.30 1.60 1.85 


Discount of 10% on orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 


FOR NEW 
CONVENIENCE 
IN FILTRATIONS 


sured by soft rubber gasket 
acting against a glass bottom 
plate . . . Any funnel 
or receiving vessel may be 

. Redesigned Slide 
Valve permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 


Minimum Inside Dimensions: Diam. nf? MM; Ht 
at side 120 MM; Ht at center 150 MM. 


Catalog No. 35070............ 12.00 ea. 


Write for NYLABS’ complete Cat. No.7 on company 
letterhead. 


We recommend... 


=< DRIERITE<: 


| 
| 240s. sane 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient— Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO, per liter. 


Versatile— An all-purpose desiccant. 


Non-Wetting— Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 
or desiccators. 


Neutral—Drics without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical— Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Fng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
. 120 Dayton Avenue, Xenia, Ohio 
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CHEMISTRY 
VISUALIZED 
AND APPLIED 


1957 Second Edition — Completely revised 
By ARMAND J. COURCHAINE 


Since this text appeared a few years 
ago it has steadily gained recognition 
and popularity for the survey courses 
offered to undergraduates in college 
chemistry. 

The new edition has preserved the 
features which made the first book a 
standout while at the same time the 
author and editor have accomplished 
an exceptionally fine job in bringing it 
thoroughly up to date. 

We want teachers and instructors to 
know this book. A card will bring you 
a complimentary copy for consideration 
as a text for your next class. 


702 Pages Profusely Illustrated 
Full Index $5.50 


Address your request to: 
Educational Dept. 


G. P. PUTNAM'S SONS 
210 Madison Ave., New York 16, N. Y. 


LOOSE PLATE « TABLE TYPE 


Bulletin 498 
upon request 


Plates and Seats 
accurately ground 

Loose Plate Construction 
allows thorough cleansing 
of the filtering compartment 

* LIGHT WEIGHT 

COMPACT 

* WELL BALANCED DESIGN 


Now avatlable | 
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ic Acid; Menthol Glucuron- 
Mesceline Sulfate; Mesocystine; 
B-Methylerotonic Acid; ethy!- 


i 
tine, Tropic Acid; Urease eryst.; Uridine; Uro- 


Ask us for others! 


DELTA CHEMICAL WORKS wc. 


3 23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


| 


About the most important years in this 
country’s chemical history....... 


The Life of Ira Remsen 
by Frederick H. Getman 


Pr a biography of a man important in the history of 
American Chemistry, Prof. Getman’s story is well and 
sympathetically told. He has had access to diaries, 
gen letters and family memorabilia which enabled 
to write a book which students of chemical] his- 
tory and Remsen’s many friends will welcome. 


“But more than the life of a great chemist and teacher, 
the book 1s a condensed version of the most important years 
in this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a science and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due to 


the teachings of Dr. Remsen.” 
Chemical Engineering 


This story of the career of a leader in the mye gc mee 
of sound scientific instruction in chemistry and chemi- 
cal research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the lives of great People, it is a rewarding biogra- 
phy of a notable career 


Handsomely bound, gold stamped, and illusirated with 
photographs. 


172 pages (PosTPaID) $4.50 
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DEMONSTRATION ABSTRACTS 


‘Prepared the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert 


5s- THE STATES OF MATTER. 
SOLUTIONS. ATOMIC AND 
MOLECULAR WEIGHTS. 


(Continued from July) 


B. THE GASEOUS STATE (Continued) 


Solubility 


5-37s Phase equilibria at room temperature. (a) Ether-water- 
naphthalene. (Nernst law). A 25 ml. buret is cut into 
a 20 ml. and 5 ml. length. Join the 5 ml. length to the 
bottom of a 240 ml. flask; on top join to 20 ml. length; 
and on top of this join a 100 ml. bulb. (1) Fill the lower 
bulb with 240 ml. water; add 130 ml. ether containing 
Butter Yellow (or other water-insoluble dye to show the 
ether layer): a volume of 240 + 130 ml. results. (2) Now 
mix thoroughly: the volume changes to 257 ml. of a 1% 
ether-in-water layer + 110 ml. of a 7% water-in-ether 
layer. (3) Add 0.25 g. portions of naphthalene, shaking 
vigorously: the boundary is displaced downwards equal 
distances after each addition, in accordance with Nernst 
law that the relative lowering of the solubility of the sol- 
vent (i.e. ether) in a second solvent (i.e. water) due to the 
addition of a third substance (i.e. naphthalene) is equal to 
the number of dissolved molecules of the added solute 
divided by the number of the molecules of the first solvent. 
(4) Show qualitatively the composition of the two layers 
by (a) boiling the lower layer in a flask with wide exit 
tube: pure ether comes off first, and can be ignited; 
(b) shaking the upper layer with CCl: a cloudy liquid 
forms, showing the presence of water (pure ether dissolves 
in CCl). (Van Kuiooster, H. S., 10, 438 (1933).) 

(b) Water-HOAc nitrobenzene. Add HOAc to a water- 
nitrobenzene mixture until they clear at the equilibrium 
point: a 3-component equilibrium curve can be con- 
structed. (VeRNoN, A. A., and Brown, D., 14, 143 
(1937).) 

(c) H,O-KCI-HCl. An 8-hr. experiment. See article 
for a triangular equilibrium graph at 25°C. (O’Brrgn, 8S. 
J., and Kenny, C. L., 14, 573 (1937).) 

(d) Model. See article tor dimensions of a transparent 
model, made of glass plates of the KCI-H.O system. 
(Ts’at, L., 19, 2 (1942).) 

(e) Models. Three-dimensional models of ternary sys- 
tems cut from Ivory Soap; see article. (Surron, P. P., 
19, 238 (1942).) 

(f) Immiscible liquids. Fill a tube with equal volumes 
of H:O and CCl, and add traces of water-soluble and oil- 
soluble dyes of two different colors. Shake tube: two 
layers form. (Stone, C. H., 19, 598 (1942).) 

(g) Variations in solubility. (1) Mix 25 ml. CCl + 
25 ml. water + 25 ml. ether; add a few crystals of Is. 
(2) Form layers of CCl, + glycerine + amyl acetate; add 
crystal of methyl red. (3) Form layers of CS. + HO + 
nitropropane; add a crystal of methyl red; the dye does 
not dissolve in nitropropane but will if traces of water 
are added. (Kussex, W. G., 25, 497 (1948).) 

5-38s Rate of solution. (a) First order rate. One-inch cubes of 
salt are placed on a 48-mesh screen in a crock of flowing 
water; every 10 min. a cube is removed, oven-dried and 
weighed. A plot of time versus W/residue gives a straight 
line for a first order reaction. (b) Second order reaction. 
A 2” block of salt in a wire basket is suspended in two 
liters of water, and a stream of air blown past it. The 
basket + salt is weighed at 5 min. intervals. A plot of 


time versus -V/residue gives a 2nd order curve. See graphs 
in article. (Grierson, G. W., 15, 187 (1938).) 


5-39s Supersaturation. (a) Methanol-Methyl oralate. Warm 15 


g. methyl oxalate + 100 ml. methanol; cool; induce crys- 
tallization by seeding or agitation, measuring latent heat 
of solution. Methyl oxalate is also useful in demonstrating 
sublimation, supercooling, and meta-stability.- (BowpsEn, 
E., 7, 827 (1930). ) 

(b) Mg-NH,-Phosphate. See article for experiments 
which indicate that agitation starts precipitation of mag- 
nesium ammonium phosphate from a supersaturated solu- 
tion; a laboratory project. (Dunnrtna, J., Pratt, P., with 
Lowman, O. E., 11, 624 (1934).) 

(c) Projection. Seed in a glass cell on lantern 
(1) 66 g. Na2S.0O;.5H2O + 15 ml. H2O, or (2) 35 g. NaOAc. 
3H.O + 20 ml. H:O. (Bacon, E. K., 25, 251 (1948).) 
Temperature and solubility: negative coefficient. (a) 
Ceric sulfate. Saturate water with ceric sulfate at 0°C.; 
heat to boiling: crystals separate since the solubility de- 
creases from 19.09 at 0°C., to 4.78 at 50°C., to 0.78 g./100 
g. solvent at 100°C. (Sorum, C. H., 5, 1287 (1928); 
also Bateman, L. A., and Ferneuius, W. C., 14, 315 
(1937).) 

(b) Calcium acetate. Saturate water with calcium ace- 
tate at room temperature and seal in a tube; heat to 80°C. 
a white precipitate forms. Cool to room temperature: 
precipitate dissolves. Solubilities are about 43.6-52 g./100 
g. water at 0°C., and 29.7-34.3 g. at 100°C. (Bacon, E. 
K., 15, 494 (1938). ) 

(c) Manganese sulfate. Saturate 0.5% H:SO,-aq with 

manganous sulfate at 27°C.; immerse in ice-salt mixture: 
pink crystals of MnSO,.7H2O form. Heat: the crystals 
melt and a clear solution forms. Author believes it is 
superior to ceric sulfate, ref. (a) above. (Kops, K. A., 16, 
183 (1939).) 
Solubility curves. Sulfur in organic solvents. (a) Solvents 
with b.p. below 100°C. Reflux 200 ml. solvent + 25-50 g. 
sulfur overnight: residual S crystals indicate saturation. 
Decant 10 ml. of solution; evaporate solvent; weigh resi- 
due. Repeat at other temperatures to construct solubility 
temperature curves. (b) Solvents with b.p. above 100°C. 
Insert thermometer with stirring device; add 10 g. sol- 
vent + 10 mg. §S in a test-tube immersed in glycerine or 
transparent wax. Heat slowly, stirring, until S dissolves; 
remove heat and cool at 4° per minute; observe the tem- 
perature, to within 0.2°C., at which the solution turns 
cloudy. Repeat with other 8S: solvent ratios. Plot solu- 
bility-temperature curves. Suitable solvents: dibuty] 
phthalate, n-hexane, benzene; see article for values. 
(Brooke, M., 28, 434 (1951).) 


Specific gravity 
5-42s Apparatus. (a) Pour water and oil into two columns of a 


U-tube: the heights will be in the ratio of their densities. 
For miscible liquids standardize both against oil or water. 
MenriaM, J. B., 7, 2499 (1930), abstracted from Jnstruments 
3, 473 (1930).) Atysa: Immerse 80 cm. lengths of 8 mm. 
tubing in bottles of liquids of various specific gravities 
connect the tubes in parallel and evacuate: the liquids 
rise up in inverse ratio of their specific gravities. 

(b) In distilled water float a hydrometer containing 5 ml. 
of unknown sp. gr. (2 to 5); read off the sp. gr. on the 
hydrometer scale. See article for diagram. (TEsTER, 
A. C., 8, 978 (1931), abstracted from Science 73, 130 (1931). 
Solutions to test. (a) See Chemist-Analyst 21, 4 (1932) 
for a list of solutions, sp. gr. 0.86 to 4.76 tested with (1) 
methylene iodide, sp. gr. 3.33, (2) Thoulet’s solution, KI + 
Hgl. (1:2), sp. gr. 3.2, (3) Thallium formate-aq., sp. gr. 
4.74 at 90°C. (Yaaopa, H., 10, 251 (1933).) 

(b) Use a Cargille graduate to determine the density of 
aqueous solutions of NaNO;; read off the composition 
from a graph. Greater accuracy is achieved by rejecting 
the first ml. reading. (Murer, S. P., 27, 135 (1950).) 


5-40s ; 
198 
yest 
is 5-41s 
of 
id 
rs 
8- 
m ‘4 
al 
id 
id 
to 
nt 
ry 
er 
ct 
A- 
5-438 
th 
50 
‘TION 


5-44s Immiscible layers. 


(a) The following sequence is estab- 
lished in a cylinder: Au or Pt + Hg + Cu or Ag + CCL, + 
an egg + H.O + oak wood + gasoline + a cork. (Dun- 
BAR, R. E., 5, 1350 (1928), abstracted from Science, 68, 
233 (1928).) 

(b) Five solids floating in four liquids is achieved with 
the following sequence: gold + Hg + a coin + dichloro- 
ethyl ether + ebony + water + oak wood + oil + cork. 
(Dunsag, R. E., 13, 589 (1936). ) 


Surface tension 
5-45s Apparatus. (a) An analytical balance with one pan re- 


placed by aclean safety-razor blade is brought into equilib- 
rium; a liquid whose surface tension is to be measured is 
raised until the blade is immersed, and weights are added 
until the blade is just pulled loose. Surface tension = 
weights added X 981 dynes/2 X length of blade. Values 
within 0.5 dynes of accepted values are obtained. A 
student project. (Haskenit, W. E., 14, 45 (1937), ab- 
stracted from Chemist-Analyst 25, 70 (1936).) 

(b) Bubble pressure. Flow Hg from a separatory funnel 
so as to create a gentle suction of air through two capillary 
tubes (one large, 0.6 — 2 mm., one small, 0.05 — 0.2 
mm.) immersed in the solution of unknown surface ten- 
sion; read off on an alcohol manometer the pressure de- 
veloped when bubbles pass at a rate of 1 per second. 
Surface tension = P/(2/x — 2/x’) where P is the dif- 
ference in pressure and x and x’ are related to capillary 
radii. See article for diagram and data on benzene, 
water, and ethanol. (Haze.uurst, T. H., 19, 61 (1942).) 

(c) Capillary rise and bubble pressure methods. See 
article for diagram of apparatus. A broken thermometer 
supplies excellent capillary tubing for surface tension 
measurements, and with a bulb blown on it is useful for 
interfacial tension measurements. (STemnBACH, O. F., 21, 
582 (1944).) 


(d) Donnan pipet. Flow benzene from a Donnan pipet 


immersed to a fixed depth in water or a 0.01 to 1% aqueous 
detergent; connect the top of the pipet to the side-arm 
of a pressure flask into which water drips from a buret 
which passes into the flask through a 1-hole stopper. 


The 
rate of benzene droplets is easily controlled, and gives a 
measure of the interfacial tension. These measurements 
are of use to the minerals engineer interested in flotation 
and stabilization of froths and foams. (Dumkg, W. H., 
32, 410 (1955).) 

Surface motion. (a) Pour a few drops of solution con- 
taining 14 g. NaOH + 1 g. rhodamine + 100 ml. water 
into a solution containing 30 ml. olive oil + 60 ml. gasoline: 
for many minutes the droplets imitate the movement of 
amoeba such as fission, elongation, etc. (HerRERA, M., 
3, 887 (1926).) 

(b) (1) From a medicine dropper splash a solution con- 
taining 14% NaOH + a little gum arabic and Na,CO; + 
a drop of Higgins Eternal Carbon Ink into 20 ml. pure 
olive oil + 20 ml. gasoline: a tough transparent skin will 
sheath each droplet, which whirls and gyrates for 15 
minutes. (2) Splash a solution containing 14% NaOH + 
a little gum arabic and NasCO; + any coloring matter 
into a mixture of 5 ml. castor oil + 15 ml. methanol: the 
dye diffuses if it is soluble. (Jamus, H., 7, 1400 (1930).) 

(c) Clearing an amalgam film. In a clean porcelain 
casserole melt 10 g. of 50-50 solder + 10 g. Woods’ metal + 
5 g. Zn. When cool, add 200 g. pure Hg: from a medicine 
dropper. Swish the cold amalgam in a clean 10 cm. crys- 
tallizing dish, then pour off the liquid: the bottom of the 
dish is now covered with an opaque film of amalgam. 
Holding the dish vertically behind the mouth of a bottle 
of HCl-aq., blow vapors on the amalgam: droplets form, 
and the glass quickly clears. (BouGcuton, W. A., 7, 2099 
(1930).) 

(d) Place grains of pheny] acetic acid in a crystallizing 
dish with its bottom painted black; fill with weter; cover 


5-478 


with a shallow layer of n-heptane: the particles show 
tracks, moving more slowly than camphor on water. 
L., 26, 338 (1949).) 

Oil on water. (a) (1) Bag of tale or sulfur dusted over 
water surface in a tray; add pieces of camphor: constant 
motion. (2) A piece of paper cut in the shape of a boat 2’’ 
long, with a V-cut in its stern; place on water, with a 
piece of camphor in the V: boat propelled inacircle. (3) 
Sprinkle tale or S on the water: boat pushes tale away. 
(4) Add a drop of oleic acid from the end of a wire touched 
to water: action of camphor stops. 

(b) (1) Sulfur powder on water in tray; blow sulfur 
down tray: cannot blow easily more than 2/3rds the way, 
showing enough S to contaminate 2/3rds the tray surface. 
(2) Move paper barrier to force S back: moving to very 
end removes contamination, leaving surface 95% clean; 
sulfur very mobile on this clean surface, can push it at will. 
(3) Add very small amount of oleic acid from wire; add more 
S: the S disappears as if blown. (4) Add a large drop of 
oleic acid: does not spread any more, showing surface was 
already covered by the small drop. (5) Place paper barrier 
a little smaller than the tray: the oleic acid drop will force 
the paper back to end of tray. (6) Repeat 3-5 with steel 
balls being pushed back in tray. 

(c) (1) Nujol drop will not spread, shown by ease S 
moves over surface. (2) Oleic acid in center of Nujol: 
same as (1) since the oleic acid will not penetrate the Nujol. 
(3) Push the wire containing the oleic acid in deep, so it 
goes into the water: the oleic acid spreads, carrying the 
Nujol with it: only 0.00001 part oleic acid causes Nujol to 
spread. 

(d) (1)Add 1 ml. portions of ether to 100 ml. H2O and 
shake: after about 5 ml. has been added the solution is 
saturated and an ether layer forms on top. (2) Place on 
tray and ignite. (3) Add oleic acid drop: the flames ex- 
tinguish. (4) Pour more ether on the tray, clean the sur- 
face by scraping, light the ether: burns (not so dangerous 
as ether alone since the water is there). (5) Now put oleic 
acid at one end: the fire gradually extinguishes, as the 
oleic acid spreads over the surface. (6) Stir with a long 
glass rod: flashes occur as ether is exposed, goes out when 
stirring is stopped. The ether will not diffuse through the 
oleic acid: evaporation of ether is 9 times slower if it is 
covered with oleic acid. 

(e) (1) Five ml. ether + 100 ml. H:O. Blow on surface: 
twitches, moves, as ether evaporates on spots. (2) Put a 


~ bit of oil on surface to contaminate, add S to contaminated 


5-48s 


(3) Put oleic 


portion, blow: free surfaces are in motion. 
(4) Re- 


acid on the oil portion: spreads, motion stops. 
move oleic acid film: motion re-commences. 

(f) (1) Divide ether-water surface into halves with a strip 
of paper. Drop oleic acid on one; blow: only clean surface 
is in motion. (2) Light match: only clean surface burns. 
(For experiments a through f see Lanemutr, I., 8, 850 
(1931).) 

(g) Monomolecular films. Place a loop of nylon thread | 

meter long on the surface of cleaned water in a 42 & 52 cm. 
white enamelled tray, with the sides of the loop in contact. 
Into the loop drop 10 ml. benzene containing 3 mg. of 
palmitic, stearic, or oleic acid or cetyl or myricy] alcohol: 
the benzene evaporates, and the spreading film pushes the 
loop into a perfect circle, reached when the drop no longer 
spreads. From the area of the film the dimensions of the 
molecule can be calculated; data and calculations are given 
in the article, also another method. (Kugxner, A. L. 19, 
27 (1942).) 
Wetting and spreading. Add drops of water and of wetting 
agent solutions (e.g., 0.5 g. Dreft or Aerosol + 100 ml. H.O 
to a film of oil on celluloid; note spreading actions. Carry 
out tensiometer measurements described in article. 
(Brrcuer, L. J., 20, 428 (1943).) 


(Continued in September issue) 
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Product — 


all polyethylene 


DRYING TUBE 


Straight—easily taken apart 
for cleaning. Unbreakable. 
Available with one or two fit- 
tings. Fittings are 7/,” long 
and taper from to 3/14”. 
Tube is */,” OD, °/;” ID. 


Many other useful items . 
New ones added frequently 


Part Number 
DT-100-1 (1 fitting) 
-2 (2 » +) 


DT-150-1 (1 fitting) 
-2 (2 » ) 
DT-200-1 (1 fitting) 
-2 (2 » ) 


Fittings only 


Minimum 


bi Box 38, Far Hills Branch Dayton 9, Ohio 


of 72 
19 ea. 
.27 
-23 
31 


-32 -27 
40 35 


-18 14 


Through leading supply houses or direct 
Send for catalog of complete line 


order $10.00 


PLASTICS 


Now! REMOTE evaporating 
and drying by 


INFRARED RADIATION 
FUSED QUARTZ EPIRADIATORS 


—an ideal 
source of high 
energy infra 
sealed in 
translucent 


fused quarta— 


© EVAPORATION WITHOUT BOILING 
© DRY CLEAN RESIDUE, NO MATERIAL LOST. 
© RAPID, ECONOMICAL, REQUIRES NO ATTENTION 


The radiated energy is absorbed by the upper 
layer of liquid which evaporates rapidly while 
the balance of the liquid and the crucible re- 
mains cool. An ideal, all purpose laboratory aid 
that can also be used for drying, heating and 
many other purposes. Write for Bulletin. 


QUARTZ PRODUCTS 


CORPORATION 


688 SOMERSET STREET, P.O. BOX 628, PLAINFIELD, N.J. 
Telephone: PLainfield 5-4699 


No. 77-677F 
$57.50 


* 1/10 Horsepower 
* Sparkless 
* Continuous Duty 


For full details request 
Bulletin 530H 


This heavy-duty model of Eberbach's popular Hollow Spindle 
LAB-STIR is especially designed for continuous duty stirring of 
large volumes of aqueous or other light viscosity solutions. Hol- 
low spindle produces almost silent drive, gives positive grip yet 
offers rapid interchange of stirring rods. Rod length can be 
quickly adjusted up or down. Glass as well as steel rods can be 
used. Special design eliminates most “whipping” or “wobble”. 
115 V, 60 Cy. 


HEAVY DUTY 
LAB-STIR 


with hollow spindle 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


MELTING POINTS 


DETERMINED IN SECONDS with 
NREICHERIT KOFLER Hot Bench 


Features: 
® Range 10° to 260° C 
@ Time Saving 


Write for literature 


WILLIAM J. HACKER & CO., Inc. 


82 Beaver Street, New York 5, N. Y. 


SILVER ORTHO PHOSPHATE ! 
SILVER PYROPHOSPHATE 
| SILVER META PHOSPHATE 1 


f Some of the many special chemicals we i 
manufacture 


Ve Write for our list of rare chemicals | 
CITY CHEMICAL CORP. 
132 W. 22nd St. New York 11, N.Y. | 


RARE and FINE ORGANICS 


PHENYL AZIDE 

ETHANE DITHIOL 
PROPANE DITHIOL 
BUTANE DITHIOL 
PENTANE DITHIOL 
HEXANE DITHIOL 
BORON TRIIODIDE 
DIISOPROPYL KETONE 
MONO-FLUOROACETIC ACID 
STEARYL KETONE 
SODIUM THIOGLUCOSE 
1,4-CYCLOHEXANEDIONE 


Send for free catalog 


LABORATORIES 
RARE metas 


CHEMICALS PRODUCED TO ORDER 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 
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CHEMICALS 


UNKNOWNS 


For 
Qualitative Analysis Classes 
Micro-Beakers 
(plastic covers available) 


Sample Storage Sets 


Numbered Self-Adhesive Labels 
Write for details 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Steet 


New York 6, N. Y. 


o-NITROBENZALDEHY DE 
$30 -100 g.; $140-500 g.; $260- Kg. 


20 (3) METHYLCHOLANTHRENE 
$6.50 -g.; $30-5 g. 
MALONONITRILE 
$6-100 g.; $25-500 g.; $45-Kg. 
ACETAMIDINE - HCl 
$4-10 g.; $30-100 g.; $115-500 g. 
WE DO CUSTOM ORGANIC SYNTHESIS 
H. & S. CHEMICAL CORP. 


168 EATON ST. 
BUFFALO 8, N. Y. 


VISUAL and PHOTOELECTRIC 
POLARIMETERS 


O.C. RUDOLPH&SONS 


Manufacturers of 
Optical Research & Control Instruments 
P. O. BOX 446, CALDWELL, N. J. 
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gency: Wildrick & Miller, Ine. 
Scientific Glass Apparatus Cc., Inc....... TBC 
Agency: Gordon Pilling Adv., Ine. 
Standard Scientific Corp. A337 
Agency: Firestone A Agency 
Arthur H. Thomas A333 


Agency: Ralph Gross Adv., Inc. 


W. M. Welch Scientific Co., Div. mice: org 


Welch Mfg. ey 3 & A348 
Agency: H. Hooker Adv. 
Wiley & Sons, ORM. A349 
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JCATION 


A new, corrosion- resistant, 
all-purpose cabinet ... 


Of white Formica both inside 
and outside—corrosion-resist- 
ant throughout 


With built-in levelling devices 


Swivel casters and handles 
to facilitate rolling under a 
bench, etc. 
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Thomas 


CHROMATOGRAPHY 


With vapor-tight, hinged cover, for prepar- 
ing two-dimensional paper chromatograms 
by descending or ascending techniques. 
The cabinet frame and cover are 1l-inch 
plywood bonded to white Formica inside 
and outside to provide adequate insulation 
under normal conditions. Formica is 
practically unaffected by solvents gener- 
ally used, and its resistance to corrosive 
properties of mineral acids and their salts 
is superior to Stainless steel at room 
temperatures. 

Inside dimensions are 2534 inches long 
X 19% inches wide X 271% inches deep, 
with double-paned glass window in one 
end, 1714 inches high X 11) inches wide. 
Black phenolic plastic fittings are built in 
for 4 solvent assemblies which take 8 
sheets of suitable paper up to 1814 X 224% 
inches. Swivel casters and two handles per- 
mit ready positioning, but in use four 
adjustable leveling feet carry the weight 
and fix location. Satisfactory working posi- 


CABINET 


tion, with level solvent troughs, is attained 
by adjusting feet in conjunction with two 
liquid levels mounted on cabinet. 

The cover, sealed by means of a Neo- 
prene gasket, is attached by means of a 
nickel-plated brass piano hinge with limit 
chains at both ends to facilitate handling, 
and has two trunk latches which insure 
tight closure. Four openings, 44-inch diam- 
eter, in the cover, fitted with Neoprene 
stoppers, size No. 00, facilitate replenish- 
ment of solvent during a run; a drain pipe 
in bottom permits flushing as required. 


3673. Chromatography Cabinet, For- 
mica, Thomas, as above described, 
complete with assortment of accessories, 
= without paper or siphon for drain- 

3672-8. Ditto, but without accessories 
other than a plastic rod to prevent 
tipping of troughs. ............. 238.75 


Detailed descriptive bulletin sent upon request. 


wom ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 


VINE ST. AT 32RD ¢ PHILADELPHIA S&S, PA, 
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Measure the truth of a proposition 
by its correspondence with experimental results 


and by its practical outcome 
A criterion for scientists 


Pr opos 1t10M: \f borosilicate laboratory ware is what you want, then Pyrex brand 
is your best buy. 


Pr oof: 1. Pyrex brand labware forms the most complete line available. Check the 
standard LP catalog and CA2 (a compendium of custom-made labware).* 


2. Scientists, teachers, and laboratory technicians have been attesting to Pyrex 


labware’s superiority for more than forty years. 


3. Pyrex brand glass No. 7740 was selected by Corning as the best of hundreds 
of borosilicate formulae, best because it offers the most ideal balance of chemical 
and thermal properties. These properties, correct design and expert craftsman- 


ship insure long service, overall economy. 


Conc Juston: Since the mass production of laboratory ware made from borosilicate 
glass demands well-developed skills, your best buy always comes to you with 
this trademark: PYREX 


CORNING GLASS WORKS 
Crystal St., Corning, N.Y. meant research Glatt 


PYREX’* laboratory ware 
... the tested tool of modern research 
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For your convenience 
NEW 
LARGER QUARTERS 


in | 
Mountainside, 
New Jersey 


A completely stocked warehouse and trained sales staff 
are ready to serve you with the latest in scientific in- 
struments, laboratory apparatus and chemicals. 


The new Mountainside Branch serves the District of 
Columbia, Maryland, New Jersey, the metropolitan 
New York area, lower New York State and Virginia. 
237 SHEFFIELD STREET 

MOUNTAINSIDE, NEW JERSEY 


NEW TELEPHONE: ADams 3-2000 
In New York City our direct line is: Barclay 7-8253 or Barclay 7-8254 


j 


For prompt service send your next order to Cenco 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory—1718E Irving Park Road « Chicago 13, Illinois 
Branches and Warehc Mountainside, N. J. ¢ Boston « Birmingham 

Central Scientific Co. of California—Santa Clara e Los Angeles 

Refinery Supply Company—Tulsa « Houston 

Central Scientific Co. of Canada, Ltd.—Toronto » Montreal » Vancouver « Ottawa 
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FOR THE LATEST NEWS 
ON INSTRUMENTATION 
Write for your regular SPOTLIGHT 


a 


Scientific Products 
SPottights wil bring you valuable and 
newsworthy information on the latest Please place my neme on your mailing let for SP Bulletins. 
laboratory equipment and technics—including 
special savings and values on approved ie 
supplies and instruments. 
To receive your free SPotlights, just fill out 
and mail the coupon at right. ae 
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Angie eeNTRIFUGE | 
with full ‘nstrumentation 
An outstanding addition to the most 
= complete line of Centrifuges in the industry! 
autotransformer speed control, combination ammeter 
and electric tachometer automatic timer, timer 
cutout switch, low voltage release and pilot light, a 
| Speeds UP to 17,000 forces uP 34,390 XS- : 
Exclusive remote control instrument panel easily removed for 
connection to centrifuge by extension cord. 
Completely sealed 8 x 50 mi head. Adapters available tor 40 
and 15 mi tubes: Self-balancing controlled drive 
eliminates need for palancing head. 
Unit is 21 in- high, 14 in. wides 47 in. deer: motor. 
O For 115 volts AC; 50-60 cycle single phase- 
4 Dp No. Model HT Cen- 
trifuge- g-place head for 50 ml tubes (put 
5 


Haze valuable analytical tool 


Photo-Nephelometry measures haze and turbidity 
in liquids, at extremely low concentrations 


Clarity of Whiskey, Beer, and Other 
Beverages 


One of the most widespread and effective 
applications of Coleman Photo-Nephelom- 
etry is the measurement of haze in whiskies, 
wines and other beverages. Evaluation of 
filters and filter media and the control of haze 
in bottled whiskies is now a standard pro- 
cedure throughout the distilling industry. 
Nephelometry precisely predicts the final 
clarity of the finished product. 


Sterility of Biologicals 


The measurement and control of clarity and 
Sterility of parenterals such as Penicillin, 
Streptomycin, Dihydrostreptomycin, Neo- 
mycin Sulfate, and Vitamin Solutions is an 
important use of Nephelometry. 


Precipitates in Industrial Waters 


Purity and suitability of industrial waters and 
other liquids is easily evaluated with the 
Nephelometer, especially at very low concen- 
trations. For example: Electric generating 
plants now use Coleman Nephelometers for 
the evaluation and control of feed waters for 
high pressure boilers. Control is accomplished 
by Nephelometric measurement of calcium 
(Range 0.0-0.5 PPM) in the feed water. 


Bacteriological Growth Rates and 
Effects of Nutrients and Inhibitors 


In bacteriology the study of the effects of 
nutrients and inhibitors on growth rates of 
bacteria has been given new impetus and sig- 
nificance by the simplicity and precision of 
the Nephelometric method. These studies 
include a wide variety of bacterial types, 
Leptospira, Actinomyces Bovis, 
Tubercle Bacilli, Esch. Coli, Staphylococci. 


Measurement of Oils and Fats 


The Nephelometer is useful in determination 
of butter fat content in dairy products, and 
has similarly been helpful in assay of choles- 
terol in blood chemistry. 


A Precise Notation for Haze 


The Coleman Nephelos Standards used with 
a Coleman Nephelometer provide an accurate 
numerical notation system. Haze data can 
be expressed on a fixed, numerical scale to 
set standards or reproduce procedures. 


A372 


Operation is simple. Routine work can easily 
be handled by people with limited training. 


Two models. Coleman Nephclom- 
eter (Model 7) for Nephelometry. an 

9) for nd Colorimetry. 
Ask for Bulletins B-213 and B-213. 


Coleman Certified NephelosStand- 
ards express entire haze range on a 
continuous numerical scale. 


COLEMAN NEPHELOS SYSTEM 


for complete data . . . write 
Dept. B. Coleman Instruments, Inc., 318 Madison St., Maywood, I. 


JOURNAL OF CHEMICAL EDUCATION 


. 
4 
Sy 
its: [ 
: 
a 
= 
4 
4 
id 
‘ 
' — 


‘SERVICE is better 
DELIVERIES are faster 


in SCHAAR’ $3. 


new home 


i 


Expressly designed to serve you . . . the new SCHAAR plant. 


MORE 


Modern and spacious, it houses huge stocks of laboratory 


3 ; equipment, chemicals and supplies. Complementing our new 
WAREHOUSE 4 surroundings is our experienced staff, ready to speed the required 
SPACE 4 implements of research to your laboratory. 
mee or : If you’re in the neighborhood, we hope you’ll drop in and 
: : visit. In the meantime, we’ll be looking for your orders and 
COMBINED | inquiries at our new address: 
OFFICE- | 7300 W. Montrose Ave., Chicago 34, Ill. 
WAREHOUSE Phones: NAtional 5-9161 Gladstone 6-6150 
QUARTERS Telegraph: Norridge, Mlinois 
r (Model ~ speeds and simplifies order 
»rimetry. 


B-2135. 


processing and shipping. 


CONVENIENT 


LOCATION 
_ improves truck deliveries 


gets ‘phone orders on 


. the way the same day. 
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The Right Weight 

with the 

insworth 
Balance 


e DIRECT READING 
e AUTOMATIC 
e TIME SAVING 


The RIGHT-A-WEIGH balance is fast, easy to use and accurate. All necessary weights are 
built into the balance, and are operated by knobs. The weights employed in a weighing 
are totalled on a counter on the front of the case at eye level. The weights cover the range 
from 199.9 grams to 100 milligrams. Values from 100 milligrams to 1/10 milligrams are 
read on a projected scale and vernier at the right of the counter. All controls are on the 


front of the case. 


SUBSTITUTION WEIGHING principle used on 
Right-A-Weigh balance..sample pan and weights 
are suspended from same end of beam. In weighing 
. equivalent weights are removed from above the 
pan. Beam load is always the same. 


THE WEIGHTS are made of high chrome-nickel 
Brunton Metal. Very hard, corrosion-resistant 
and non-magnetic. Adjusted to Class § tolerances. 


THE BEAM is processed of special aluminum alloy, 
stress-relieved, compensated for atmospheric changes 
and has uniform cross-sections. Synthetic sapphire 
bearings. 


SPECIFICATIONS: 


Pans: Stainless steel recessed plates, 434” wide at bows. 


THE DAMPER is an air dashpot on the rear end 
of the beam and brings the balance to rest in shortest 
practical time. Damping can be adjusted. 


THE OPTICAL SYSTEM gives high magnifica- 
tions and sharp definition. Projected lines repre- 
sent 1 mg and are 2.5 mm apart on screen. Easily 
read to 1/10 mg on vernier, can be estimated to 
1/20th mg. Green filter reduces eye strain. 


THE OPERATION MECHANISM is controlled 
by a lever located at the front of case. 


THE CASE is aluminum finished in smooth brown 
hammertone. Has two sliding doors. 


21 x 11 x 21” high 
x x high 


Overall dimensions 
Weighing chambers 


Cat. No. JC 14150 AINSWORTH “RIGHT-A-WEIGH" BALANCE ........ .. $895.00 
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INFLAMMABILITY AND DENSITY OF VAPORS 


Submitted by: J.A.Campbell, Oberlin College, Oberlin, 
Ohio 

Checked by: Ronald Edgebrecht, Seaside Union High 

School, Seaside, Oregon 


PREPARATION 


Incline a trough 10 to 15 in. long with a candle in 
the lower end and a piece of cheese cloth at the upper 
end. In the middle of the trough fasten a crucible 
cover containing some gun powder mixed with dry 
guncotton. 


DEMONSTRATION 


Light the candle at the bottom of the trough. Then 
pour ether on the cheese cloth. 


REMARKS 


The trough may be made of metal spouting or a 
wooden vee. The dry guncotton is optional. 
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DEMONSTRATION NOTES 


From time to time items such as the following which do not require 
a full half-page, will be listed together. Some of them will be modi- 
fications of previously published demonstrations, in which case it is 
suggested that they be clipped and attached to the pertinent experi- 


TESTED 3 
DEMONSTRATION 


ment. 


AMMONIA OXIDATION 


Haroitp M. Strate of Allegheny College offers the following 
simpler arrangement of Alyea’s Tested Demonstration Number 
17-11 (THIs JoURNAL, May, 1956): 

A spiral of platinum wire is heated red hot and suspended from 
a glass rod above the surface of conc. NH,OH in a beaker. The 
oxidation of the ammonia on the surface of the platinum keeps 
the spiral glowing. If removed, it cools down but begins to 
glow again when replaced in the beaker. The presence of 
nitrates may be tested for in the solution after a sufficient interval. 
This has been checked by Lenora Bogardus, Portland High 
School, Portland, Michigan, and many others. 


AMMONIA OR HCI FOUNTAIN 


Arcot VISWANATHAN AND SANKARANARAYANA GIREESAN of 
Loyola College, Madras, India, suggest a simplification of the 
usua! ammonia or HCl fountain, which consists of filling a flask 
with the gas, fitting the flask with a one-hole stopper carrying the 
glass tube leading to the water reservoir, and initiating the 
process by pouring a little ether 2 or 3 times over the top of the 
inveited flask. The cooling effect of the rapidly evaporating 
ether reduces the pressure of the gas in the flask sufficiently to 
start the solution process. They further suggest the use of this 
apparatus with N.O, and extend its use to CO, and SO, with 1% 
alkali solution instead of pure water. 


A COLORLESS SOLUTION CONTAINING COBALT AND 
NICKEL IONS 


P. of Streeter, Illinois, submits the following 
item: If solutions of cobalt and nickel salts of equal strength are 
added to each other a point may be reached where the mixture is 
practically colorless. This suggests an interesting unknown for 
precocious students in qualitative analysis. This item has been 
checked by Lenora Bogardus, Portland High School, Portland, 
Michigan. 


COLORED CLOCK REACTIONS 


Through an oversight, the Colored Clock Reactions demonstra- 
tion published in the July issue (page A303) omitted reference to 
an article entitled “The Formaldehyde Clock Reaction,” by 
Richard L. Barrett of the New Mexico College of Agriculture and 
Mechanic Arts, THIS JOURNAL, 32, 78 (1955). This is a prior 
and more readily available reference which discusses the reaction 
in detail. Our apologies to Dr. Richard E. Powell and Dr. 
Barrett. 
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HARSHAW SCIENTIFIC 


Two new centrifuges have been added to 


our already extensive line of International 


- centrifuges. The new HT for high speed 
centrifuging and the new CM, o cabinet 
unit, for routine moderate speed work. 
The HT high speed centrifuge ‘provides 
speeds to 17,000 r.p.m., with forces to 
34,390 x G and is designed for maximum 
- safety to operating personnel. The CM 
centrifuge features great adaptability at 
moderate price. This attractively designed 


unit accommodates 23 heads and acces- 
sories for any routine application. 

An international centrifuge is available 
for every need from stock. The complete 
line includes micro, clinical, chemical, rou- 
tine, lorge capacity, explosion proof, 
blood plasma, refrigerated, oil testing, 
soil testing, and a number of other special 
application centrifuges. Complete infor- 
mation is available on the centrifuge you 
need. Write for literature. 


H-8800 —International Size 1, Model with stainless 

steel guord bowl, autotransformer controller, electric 
tachometer and timer but without head, shields or cabinet 

floor stand, 115 voits, 50/60 cycles $475.00 


oan 
Ps mi tubes (without tubes). For 


e 
= 
* 
* 


H-8500 — 
Clinical Model 


H-9506 — Size 2, V 
large Capacity, High Speed 


H-8858 — Size 1, SBV 
Routine and Research 


HARSHAW SCIENTIFIC 


Division of The Horshaw Chemical Co. * Cleveland 6, Ohio 
Soles Branches and Warehouses 
Cleveland 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Row 
Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave. 
Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa., Jackson & Swanson Sts. 
Sales Offices: Baton Rouge, La. ¢ Buffalo 2, N.Y. * Pittsburgh 22, Pa. ¢ Oakland 11, Calif. 
Hastings-on-Hudson 6, N. Y. 


; 
with steel guard bowl, 
e 
e 
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FILTRATION CHART 


ad 


Ash-Pree. Extra rapid. High wet strenath. Thi 
hydroxides such as iron and # strength. Thin. For use in the filtration 

Selatinous precipitates from sodium 

Didmeter, em, 


5% 
Ash per circle 


Cin milligrams) 

ppts. Standard grade in the fexture. Intended for rapid filtration of coarse and Sev. 
extremely low ash cont the of the metallurgical industrics where of 
Diameter, cm. 5% ? 
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CARL SCHLEICHER « scHUELL co. 


FILTER PAPER DATA FOR QUICK REFERENCE | 


Valuable up-to-date SaS Quick Reference Catalog... 
gives filter paper data at a glance. Eight color pages. 
Sections on filter paper: Ash Free (less than 
~ 0.007% ash); Qualitative; Hardened and 
High Wet Strength; Folded; Miscellaneous and Filtration 
Specialties. Description of each paper, uses, 
circle diameters, sheet sizes. INCLUDES HANDY 
SaS FILTRATION CHART showing retention values. 


Send for your SaS Quick Reference Catalog now 


Carl Schleicher & Schuell Co. 
Keene, New Hampshire , Dept. JC-79 


(Name) 


(Position ) 


(Company ) 
(Address) 


(City) (State) 
0 Also send SaS Analytical Filter Paper Sampler 


SS 
q 
ASH FREE FILTER PAPERS 
Paper Provides increased retention without lose of 
7 
2 a 
@ 
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CHROMATOCABS e OVENS 
JARS e ELECTROPHORESIS 
APPARATUS e DESALTERS 
| FRACTION COLLECTORS e 

DISTILLOGRAPHS SCANNERS 


ALL ACCESSORY EQUIPMENT 


DESALTER 


WRITE FOR CATALOG #1356-J, OR 
CONTACT YOUR AUTHORIZED RSCO DEALER. 


RECO division of 
RESEARCH SPECIALTIES CO. 


2005 HOPKINS STREET BERKELEY 7, CALIFORNIA 


FOR MAXIMUM UTILITY...MINIMUM MAINTENANCE 


~~ economy. These are prime reasons 


Aloe MODULINE unitized steel 
furniture finds so much favor with 
architects and builders of 
laboratories. Aloe MODULINE is 
flexible in function and arrangement, 
permanent in its all-welded 
construction, economical in initial 
cost and upkeep. 


For educational, research, industrial 
laboratories . . . wherever the best 
laboratory furniture is called for... 
more and more builders specify 
Aloe MODULINE. Write for ‘ree 
MODULINE brochure. Dept. 127. 


aloe scientific 
DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury, St. Louis 12, Mo. 

14 divisions coast-to-coast 
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DESALTER 


SUPER-SPEED CENTRIFUGES AX, AA, AB, AT. 


Model AX—Tripod base with Separate transformer for 
Model AA—Transformer built into compact aluminum 


TURE 


2 reasons 
ed steel 
with 


LINE is 


rangement, 
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n initial 


, industrial 
the best 
lled for... 
pecify 

for free 
Dent. 127. 


MPANY 
Mo. 
WRITE FOR COMPLETE LITERATURE. REFER TO: CE97 
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Lete 
LARGEST MANUFACTURER OF _SUPER-SPEED ¢ ENTRIFUGE : 
sdapters avaviable for smaller tubes, merchangeebly used in bo 
Model UR wrifuges without the use of spacial adapters. 
- 
Model AX Model AA Model ABO Model AT 
= aes . These four models offer identical performance as follows: © 
emote control. SPEED “to 16,500 RPM) 
5, 6, 10, 12, and 15ce test tubes.’. 
SS Containers— 50 & 200cc 
‘The model SL with VRA rotor spins 
to 1500 mi. capacity (6x250ml) at speeds All Purpose Homogenizer. 
ati fic LOURDES INSTRUMENT CORP. 


“One-Stop Shopping” for 


Your Laboratory Chemical Needs 


at BAKER & ADAMSON 


INORGANIC 


REAGENTS 


The most complete, most 
preferred line in the coun- 
try. B&A offers over 1,000 
high-purity reagents to 
meet your every need. 
Outstanding for packag- 
ing, too! 


RARE 
EARTHS 


B&A regularly offers over 
30 rare earths in ex- 
perimental and commer- 
cial Others 
available on request. 


All readily available from B & A’s 
coast-to-coast chain of distributing 
stations. Simplify your “shopping”! 
Make Baker & Adamson your 
convenient, dependable, ‘“‘one-stop” 
source for all your laboratory 
chemical needs. 


Offices Albany* * Atlanta * Baltimore* * Birmingham* ¢ Boston* ¢ Bridgeport* 
Jacksonville * Kalamazoo * Los Angeles* * Milwaukee * Minneapolis * New 
Seattle * Kennewick* and Yakima (Wash.) In Canada: The Nichols Chemical Company, Limited * Montreal* © Toronte* © 


ACIDS 


Widest possible selection 
from America’s pioneer 
producer. More than 50 
“C.P.” Acids are avail- 
able in all preferred grades 
and strengths to fill every 
laboratory requirement. 


ORGANIC 
CHEMICALS 


The complete line of 
Eastman Organic Chem- 
icals as listed by Eastman 
Kodak Company is al- 
ways available from B&A. 


RADIO- 
CHEMICALS 


B&A’s extensive line in- 
cludes organic and inor- 
ganic radioisotopes, in- 
cluding Carbon-14 labeled 
compounds and deute- 
rated compounds. 


BIOLOGICAL 
STAINS & 
INDICATORS 


And, to “round out” its 
service, B&A provides the 
full line of ‘‘National 
Quality’’ Stains and 
Indicators of Allied 


Chemical’s National 


Aniline Division. 


BAKER & ADAMSON® 
Laboratory Reagents 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. 


* Buffalo* * Charlotte* * Chicag Denver coal 
York* Philadelphia* Pittsburgh* Providence* * St. Louis* * San Francisc? 


* Cleveland* « 


* #0, 


lot, 


Detroit* * Houston’ 


stocks carrie: here. 
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> A new Photomultiplier Preamplifier 
has been added to the line of Nuclear 
Instruments made by Hamner Electronics 
Co., Inc., Box 531, Princeton, New Jersey. 


@ Lakeside Laboratories, Inc., Milwaukee 
1, Wisconsin, is making available Volume 
65, Article 5, Mercury and Its Compounds, 
Annals of the New York Academy of 
Sciences, April 11, 1957. This article dis- 
cusses the physics and chemistry, pharma- 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


cology and toxicology and the clinical 
medicine of the element. A request to 
the company is all that is necessary. 


@ Bulletin 1538C describing a portable 
tool for measuring vibrational velocity, 
displacement and frequency determina- 
tions can be obtained from Consolidated 


> Tracerlab, Inc., 1601 Trapelo Rd., 
Waltham, Massachusetts, announces the 
availability of its new Model SC-56 Source 
Calibrator. It is a unique instrument de- 
signed for the quick determination of the 
activity content, in microcuries or milli- 
curies, of liquid or solid sources of various 
radioactive isotopes. 


> Arthur 8. LaPine & Co., 6001 S. Knox 
Ave., Chicago 29, Illinois, announces two 
Reyers balances; one with an exactitude 
of 10-*, and the other a dispensing one 
with 1 kg. capacity and 10 mg. sensitivity. 


> The Bethlehem Apparatus Ce., Inc., 
Hellertown, Pennsylvania, has developed 
a unique rubber stopper for use in the 
laboratory and in glass blowing. Its out- 
standing feature is that it will fit as many 
as seventeen different size openings, rang- 
ing from 22 mm to 100 mm. 


> The American Instrument Co., 8030 
Georgia Ave., Silver Spring, Maryland, 
announces plans for production of new 
high-performance ovens (35°F. above am- 
bient to 750°F.), with temperature uni- 
formity and stability never before obtained 
in the commercial high-temperature oven 


> The most modern precision Wheatstone 
Bridge said to be available today has been 
announced by Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia 44, Penn- 
sylvania. This new 4735 Guarded 
Wheatstone Bridge has a range of 0.01 
ohm to 1.111 megohms with a limit of 
error of =(0.05% + 0.001 ohm) up to 100 
megohms and +0.5% above 100 megohms. 


> The Arthur H. Thomas Co., Vine St. 
at Third, Philadelphia, Pennsylvania, an- 
nounces the development of the Thomas- 
McCrone Micro Cold Stage, for micro 
fusion studies over the range —100°C. 
to +70°C. It is based on the design de- 
scribed by Walter C. McCrone and S M. 
O’Bradovie in Analytical Chemistry, June, 
1956. This company also has available a 
‘hig: temperature” modification of the 
Labeonco Electric Micro Kjeldahl Digest- 
ing Apparatus. 


> American Agile Corp., Box 168, Bed- 
ford, Ohio, has available extruded tubing, 
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Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, California. 
(Continued on page A383) 


of linear type, high temperature, high ten- 
sile polyethylene in 100-foot coils. 
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TYGON 
PLASTIC 


Q 


"Taste are some fields cf industry, some professions, where more than ordinary 

care is required. Food is one, medicine another, chemical research a third. Here 

purity in its truest sense must be enveloped with meticulous care every step of 
e way. 


Relatively minor elements of apiigenans often play a vital part. For example, if the 
— used to transport liquid should be attacked by one of the food chemicals 
trouble could be serious; a life could be endangered if the wrong tubing were used 
to convey blood or blood plasma; a research project could fail if contaminants 
leached out to spoil a solution. 

This is why those whose job it is to safeguard purity specify Tygon Tubing for 
critical tasks. This flexible, plastic tubing, crystal clear, flexible as a piece of = Faved 
tough as leather, resistant to acids and alkalies, offers a combination of properties 
found in no other material. 

And like metal alloys, basic properties of this unique “flexible nguaee’ lastic tubing 
can be varied to meet a wide range of special requirements. us, Gen Tubing 
is made in many standard formulations and in innumerable special ones. 

That is why those whose job it is to safeguard purity specify the specific formu- 
lation of Tygon Tubing designed to fit their exact needs . . . for they know, as do 
we, that no single formulation can do all things well. 


PLASTICS & SYNTHETICS DIVISION 


Tygon plastic Tubing is made in many for- 
mulations, each designed for a specific usage 
++. and in over 60 sizes, from to 3” 1.D. 
Write for Bulletin 1-97. 


AKRON 9, OHIO 


¥, 
“a 
| | 
| 


Thirty-odd years ago, glass blowing (the 
“plus” in our headline) was our only specialty. 
And it’s still a big part of our business. But it 
is merely one of eight major functions—all 
equally important. 


Today we are considered one of the major 
laboratory supply firms in America. We serve 
as authorized distributors for many leading 
manufacturers, maintaining an adequate stock 
of all the items required by the activities of 
any laboratory. In short, we are truly “one 
source of supply for all laboratory needs.” 


Standard and custom-made glassware? Of 
course! But whether you're in the market for 
an electronic instrument costing thousands of 
dollars . . . or a cork at a fraction of a cent, 
we can meet your requirement! 


Why not send us your inquiries? 


SCIENTIFIC GLASS 


_ LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE © 
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@ A four-page Bulletin SE-L3578 is now 
available giving illustrations, outline draw- 
ings and technical rating data on new 
Powerstat variable transformer type 
LWi36. For your copy write to The 
Superior Electric Co., Dept. LW, 83 
Laurel St., Bristol, Connecticut. 


@ Catalogue No. 255 of the Emil Greiner 
Co., 20-26 N. Moore St., New York 13, 
N. Y., describes transparent plastic dry 
boxes, safety enclosures, test hoods, and 
dust-free enclosures for laboratory and 
industry. 


@ Denver Equipment Co., Box 5268, 
Denver 7, Colorado has just published an 
eight-page bulletin, No. G3-B60, showing 
their latest improved models in equipment 
for the chemical processing, mining and 
milling industries; rubber covering ser- 
vice, laboratory testing service, laboratory 
equipment, and engineering and mill de- 
sign service. 


@ Fischer & Porter Co., 212 Jacksonville 
Rd., Hatboro, Pennsylvania, has just 
published a catalogue, 51-1450, describing 
the company’s new small, fiber glass case 
instrument line for indicating, transmitting 
and controlling pressure and temperature. 


@ Free copies of a catalogue listing more 
than 150 reagents for medical research and 
biochemical testing are available from 
Dajac Laboratories, Chemical Division, 
the Borden Co., 5000 Langdon St., Phila- 
delphia 24, Pennsylvania. 


@ As a service to the food industry, the 
food laboratories of Eastman Chemical 
Products, Inc., have reinvestigated and re- 
vised the various analytical procedures 
available for the analysis of phenolic food- 
grade antioxidants. With only slight 
modifications, the best of these procedures 
are presented in a sixteen-page brochure, 
Analysis of Food Antioxidants, by East- 
man Chemical Products, Inc., Kingsport, 
Tennessee. 


@NRC Equipment Corp., 160 Charle- 
mont St., Newtun 61, Massachusetts, has 
issued a new 32-page engineering manual 
describing and illustrating a comprehen- 
sive line of high vacuum valves. 


@A new edition of What’s New for the 
Laboratory—29th in the series—has just 
been announced by the Scientific Glass Ap- 
paratus Co., Inc., 120 Lakewood Terrace, 
Bloomfield, New Jersey. 


@ Copies of Monsanto Technica! Bulletin 
0-136 on dicyclohexyl phthalate are 
available on request from Mrs. Clayton 
at the company’s Organic Chemicals Divi- 
sion, 800 N. Twelfth Blvd., St. Louis 1, 
Missouri. 


@ Pfanstiehl Laboratories, Inc., 104 Lake- 
view Ave., Waukegan, Illinois, has a new 
bulletin on their line of “Seqlene” which 
are specialized mixtures of the sodium 
salts of closely related non-toxic poly- 


(Continued on page A385) 
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The Improved Welch 
CATHETOMETER 


Ra Leveling — Fine Adjustment — 
raduations Engine Divided for 
Unifermity and Accuracy 


@ Vertical range 100 cm 

@ Vernier reading to 0.05 mm 

@ Working distance 45 cm to infinity ~ 

@ Magnification 12 x at 45cm—8 «x at infinity 
@ Level sensitive to 50 seconds 


This Cathetometer is intended for measurements and ob- 
servations in both industrial and educational laboratories 
wherever an inexpensive instrument of good precision is 
needed. It is rigidly constructed and every essential ad- 
jvstment can be made simply and positively. 


The telescope is mounted horizontally on a carriage which 
may be moved up or down or around the 30-mm vertical 
rod. A tangent-screw adjustment permits precise leveling 
and a sensitive elevation adjustment is incorporated in the 
carriage. An auxiliary level in the base greatly acceler- 
ates the leveling process. 

No. 68A—Each $247.50 


Full-length Plastic Cover and Set of Instructions included. 
Write for descriptive circular. 
W. M. WELCH SCIENTIFIC COMPANY 


Division of W. M. Welch Manufacturing Company 
ESTABLISHED 1880 


1515 Sedgwick St, Dept. D-1, CHICAGO 10, ILL, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


New Matheson 
Gas Price List 
Now Ready... 


Write for Your Copy Now! 


Prices and Data on 76 Compressed Gases 
and Mixtures in 5 cylinder sizes. Complete 
Line of Precision Regulators, Controls, Flow- 
meters, Accessories, Tailored to Individual Gas 
Usage. 


The Mathes Company, Inc. 


Compressed Gases and Regulators East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 
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Quality Chemical and Laboratory 


Equipment for over a half Century b 

. A MEDIUM PRICED OVEN FOR THIS YEAR AND EVERY YEAR ‘ 

| FEATURES po 

e Asbestos transite exterior. 

Boekel Drying Oven e Welded frame—18-8 rs 

stainless steel. Ba 

can be found in e Thermostatically regu- 
z lated to 180°C. dat 
educational, industrial, Positive control within 
4 +%°C, 
bacteriological, and Pilot light. 

Heati hamber— on 

clinical laboratories x 12’W, x 10’D. 

e Removable heating Pol 

| e Six foot cord and Cle 

world. plug furnished. 

(Also larger model, 1078 A—Inside dimensions 18” high, 17” wide, 14” deep) vi 

cal 


DESICCATING CABINET 


Stainless Steel ° Full-View Sides ° Air-Tight ° Moisture-Proof 


An attractive and highly serviceable cabinet for use in metal- 
lurgical, chemical, industrial and clinical laboratories. The 
Desiccating Cabinet has been engineered to give the maximum 
in service, coupled with an attractive appearance and sturdy 
construction. 


Completely air-tight and moisture-proof, this piece of equip- 
ment is made of highly polished 18-8 stainless steel, with three 
sides of 3/16” glass securely cemented to the frame, providing 
full observation of contents. The “seal-tight” door, which has a 
full-height hinge, is gasketed with pure gum rubber, while a 
double action bar-lock provides a positive seal and prevents 
warping. By the use a the manual relief valve, vacuum or 
— in the cabinet can be normalized before opening the 
oor. 


Two asbestos shelves, 8” x 9%”, each with twelve %” holes, are ~ 
supplied in addition to a stainless steel desiccant tray, 8” x 9” MODEL 


x %”, with a capacity to hold approximately one pound of desic- 1340 . 

cant. Shelves are held in place by removable brackets with 1340 DESICCATING CABINET, Stainless 

runners, which can be adjusted every 4”. Steel. Inside measurements — 12” High 

Stacking and storing are easily achieved by the manner in which ” High x 


the pressed feet of the cabinet are aligned with indentations on 
the top surface. 


12%" Wide x 12%” Deep. 


#179 Distributed Thru Laboratory Supply Dealers 
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hydroxy acids that are highly efficient and 
economical sequestering agents for various 
metallic ions, particularly in strongly 
alk: line solutions. 


@ Thiosemicarbazide, a reactive com- 
pound which behaves as a mono-acid base 
and is a strong reducing agent, is de- 
scribed in a new technical data bulletin 
issued by the Industrial Chemicals Divi- 
sion of Olin Mathieson Chemical Corp., 
Baltimore 3, Maryland. 


@A new four-page Beckman technical 
data sheet IR-74-MI(T), of particular im- 
portance to Infrared Spectroscopists, ex- 
plains KBr sampling technique in infrared 
studies on solid substances. It is avail- 
able from the Scientific Instruments Divi- 
sion, Beckman Instruments, Inc., Fuller- 
ton, California. 


@ Anyone desiring a new catalogue on 
Polyethylene Laboratory Ware can write to 
Harshaw Scientific Division of the Har- 
shaw Chemical Co., 1945 E. 97th St., 
Cleveland 6, Ohio. 


@ Copies of the new, revised edition of 
Sodium Dispersions can be obtained by 
writing to U. 8. Industrial Chemicals Co., 
Division of National Distillers and Chemi- 
cal Corp., 99 Park Ave., New York 16, 


@ Burrell Corporat 9n’s Bulletin No. 835, 
Absorbents for Chromatoyrapic Analysis 
is available from the company, 2223 Fifth 
Ave., Pittsburgh 19, Pennsylvania. 


@ Samples of a new resin for separating 
water soluble materials are available for 
evaluation, and a new booklet entitled 
Ion Retardation will be provided upon re- 
quest by Technical Service and Develop- 
ment, The Dow Chemical Co., Midland, 
Michigan. 

@ Will Corp., Rochester 3, New York, an- 
nounces that Bulletin No. 1, Weights, is 
now available. 


% Don Baxter, Inc., of Glendale, Cali- 
fornia, has established a program of sum- 
mer research trainee positions for under- 
graduate chemistry students. Under this 
program, outstanding students are as- 
signed research projects of real interest to 
the Company, provided with competent 
guidance, compensated at industrial rates, 
and encouraged to complete and publish a 
worth-while technical paper. 

David Lange of Caltech and Frederick 
Wolf of Pomona College have been se- 
lected for the 1957 positions. A paper by 
Richard Ashby of Caltech, research 
trainee in 1956, and Dr. Martin Roberts 
of Don Baxter, Inc., has been published 
covering the results of the 1956 investiga- 
tion (J. Lab. Clin. Med., 49, 958 (June, 
1957)). 

(Continued on page A387) 


SARTORIUS 


PROJECTION BALANCES 
are IDEAL for use in University Laboratories! 
EASY TO OPERATE « ACCURATE « STURDY 


200 g built-in 


fractional weights 
built-in 


FAST and 
REASONABLY priced! 


| MODEL J1 with $650” 


ALL weights to 
MODEL DP2 with 
$425” 


all fractional 
weights built-in 
MODEL SM10 
Semi-Micro with 


+580” 


Train your students on a 
MODERN balance NOW! 


For literature or FREE 
demonstration contact 
C. A. BRINKMANN & CO., Inc. 
BRINKMANN HOUSE 


Cutter Mill Road 
Great Neck, N. Y. 


New furniture—/n school and industrial 
laboratories across the country, Colorlith 
bd adds new appeal to lab work. 


Gives new personality 
to hard-working labs— 


SM Colorhth 


tough, handsome, colorful 
asbestos-cement sheets 


Now Colorlith — Johns-Manville’s 
workable, man-made stone—offers an 
attractive, modern atmosphere to every 
lab. 

Made of asbestos and cement, this 
tough, smooth-surfaced material resists 
chemicals, heat, and abrasion. And 
Colorlith resists years of strenuous serv- 
ice—even on such tough jobs as reagent 
shelves and fume hoods. 

Colorlith—in Charcoal Gray, Cameo 
Brown, and Surf Green, is available on 
new furniture through your furniture 
supplier—or for furniture resurfacing 
through your fabricator and installer. 
For a list of suppliers and information 
on Colorlith, write Johns-Manville, 


Box 14, New York 16, N. Y. “4 

In Canada, Port Credit, JM 

Ontario. 


furniture with 


Resurface your present 
Colorlith. Large 4’ x 8’ sheets—as thin as 
%4"—can be installed at low cost. 
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PROGRESS IN 


CHROMATOGRAPHY 3 


CONTINUOUS ELECTROPHORESIS 


In our previous advertisement we discussed the 
separation of large molecules and colloidal particles by 
making use of the electric charge which most of these 
carry. We showed how the technique of electro- 
phoresis can be combined with the sensitivity, speed 
and stability of chromatographic methods. 

Above, we show an arrangement whereby separation 
is continuous, the fractions being collected in separate 
vessels. The sheet of specially cut filter paper (pattern 
CE/1) hangs vertically, and is saturated by the con- 
ducting buffer solution. The direction of migration of 
any component is determined by the rates at which it 
travels in the descending buffer and in the electric field 
between the electrodes. The components therefore 
diverge and are collected in vessels placed at appropriate 
points. 


BUFFER SOLUTION FLOWS DOWN SHEET 
ALONG WHOLE WIDTH 


Now that you have read this report it may occur to you that 
Chromatography can help you in your research or production 


TROUGH CONTAINING 
BUFFER SOLUTION 


SAMPLE APPLIED 
CONTINUOUSLY INTO 
THE STREAM OF 


SEPARATION OF AMINO ACIDS 


An interesting application of continuous electro- 
phoresis is the separation of amino acids, either into 
groups (acidic, neutral and basic) or into individual 
amino acids, depending on the pH of the acetic acid 
used as buffer. 

Having a high charge, the particles migrate rapidly 
towards one or other of the electrodes and this must be 
balanced by selecting a paper with a correspondingly 
high rate of downward flow. 

The basic group migrates as a whole towards the 
cathode; the neutral group also moves towards the 
cathode, but very slightly; the acid group migrates 
towards the anode, and also separates into individual 
amino acids. 

Further separation of neutral and basic groups is 


achieved by changing the pH of the acetic acid buffer. 


programme. If so, our long experience in this specialised field is at 


In Canada, Mezico, United States 
H. REEVE ANGEL § CO. INC. 
52 Duane St. New York 7, N. Y. 


WHATMAN FILTER PAPERS 


your full disposal. Discuss the possibilities of Chromatography with 


In Europe, Asia, and rest of world 
H. REEVE ANGEL ¢ CO. LTD. 
9 Bridewell Place London E C 4 
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our OF THE, Greatest Improvement in Fume Hood 
Air Flow Control in 20 Years! 


School Science Teachers, recently comple MINEO: . boratory Furniture apparatus, crawl in: nto 
by The Future Scientists of America - — 
Fo: ndation, is now available from Robert Hoods by which air flow for fume exhat often take as much as an hour, plus the haz- 
Wa-hington 6, D.C. open or closed. Described as the “SAFE ’n way regulates the air flow with one simple 
EASY” Remote Control, this new outside fume hood. saving val» 
technical papers are scheduled Sutside control panel, which the chemist gible 
for presentation at a Symposium on the turns, right or left, 4 . 
Formation and Stabilization of Free yy, Notte 
Radicals, to be held at the National 
Bureau of Standards on September 18-20, 
1957. Sponsored jointly by the University 
of Maryland, the Catholic University of 
Amcrica, the Applied Physics Laboratory 
of the Johns Hopkins University, and the 
National Bureau of Standards, the meet- 
ing will be devoted primarily to discus- 
sions of current research on the properties 
of systems containing trapped atoms and 
radicals. 

Inquiries should be addressed to the 
Chairman of the Symposium Committee, 3 ae 4 
Dr. A. M. Bass, Free Radicals Research 


Section, National Bureau of Standards, eis ft 
Washington 25, D. C. changes 
% A new type of mass spectrometer has eS = by remote control 


been teamed with vapor phase chromatog- 


raphy by The Dow Chemical Company uring fume hood operation 2 


to produce a very rapid and efficient 


od of lyzi latil i 
volatile organic with sash open or closed 


The new equipment is a Bendix Time- 
of-Flight Mass Spectrometer, Model 12- Se ea 
100, manufactured by the Research Lab- elie 25 
oratories Division of Bendix Aviation 
Corp. It can scan a mass spectrum from 
mass one to at least mass 600 at the rate 
of about 2,000 times per second. With 
slight modifications, this rate can be 
boosted to 10,000 times per second. A 
conventional mass spectrometer requires 
20 to 30 minutes to do the same job. 

The entire mass spectrum or any por- ae 
tion thereof is flashed on an oscilloscope Patent No. 2779265 
screen, where it can be observed visually, ‘ January 29, 1957 
or photographed and identified by com- 
parison to Dow’s file of 4300 standard Famous for many firsts in the industry, Laboratory Furniture’s newest 
mass spectra. What the screen shows is improvement for fume hoods, the SAFE ’n EASY way, provides the perfect 
several thousand analyses superimposed on answer to an old problem. Now, with one simple motion, you can move the 
each other. ; , baffle by remote control and change the Air Flow inside the operating fume 

The equipment measures differences in hood... without removing the apparatus, and with the sash open or closed. 


time required for ionized fragments of a An exclusive STEELAB and WOODLAB feature! 
compound to travel down a tube after 


being propelled by an electric impulse. 


* “Do I Have Engineering Aptitude?” is —s WRITE CALL TOD. 
the title of a set of questions, answers and . THESE V he speeding 


interpretations of answers for use in self- FREE 
analysis by young men 6 to 25 years of age j WB] 1m: They’re , 
to make a check on engineering and te z= 

scientific aptitude. Its author is Dr. A. 
Pemberton Johnson of the Testing and 
ye Division of the Newark College 
of Eng'neering, and former Project Direc- 
tor for -ngineering tests at the Educational Revised Edition. F | T 4 
Testing Service, Princeton, New Jersey. Hundreds of ideas for i * 
It is disiributed free of charge by the New | furniture layouts. 
Jersey ‘ngineers Committee for Student “FUME HOODS” Ne. SéH. Cc Oo ANY inc 
Guidance. Requests should be addressed 
to: Dy. Frederick A. Russell, Meetings 
Secret i vy, Newark College of Engineering, Over 35 Years of Specialized Service to Laboratorics 

367 High St., Newark 2, New Jersey. MINEOLA, LONG ISLAND, NEW YORK © PHONE: PIONEER 2-3600 
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a great new 
of“Hard Glass" for 

America's expanding 

laboratory 

requirements 


... bringing the unequalled Kimble reputation 
for quality, craftsmanship and accuracy 
in laboratory glassware to 
the medium of borosilicate glass 


? 


» can be sealed to your existing “hard glass” 
apparatus ...same coefficient of expansion 
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Kimble proudly announces KIMAX .. . the 
trade-mark for its new laboratory glassware 
made of tough, hard KG-33 borosilicate glass. 
Kimble thus becomes your Most Complete 
Source of Laboratory Glassware. 


KIMAX — 


the “hard glass” trade-mark assuring maximum accu- 
racy, dependability and extra long life. 


KIMAX — 


for highest standards of thermal and mechanical shock 
resistance. 


KIMAX— 


for outstanding resistance to chemical attack. This 
means long life with sparkling clarity. 


KIMAX — 


ungraduated glassware provides outstanding resistance 
to heat and mechanical shock and conforms to the most 
accurate tolerances of dimensional uniformity. 


KIMAX — 
graduated glassware is individually retested for accu- 


KIMAX LABORATORY GLASSWARE 


AN @ PRODUCT 
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racy. Its markings are permanent, stay sharp and clear 
for a lifetime. 


KIMAX— 


easy to repair and modify by using simple glass. blow- 
ing techniques. Can be sealed to and repaired with your 
present hard glass apparatus. Therefore, it will not 
obsolete your present stock. 

KG-33 tubing is readily available for your special glass 
blowing needs. 

Kimble—Your Most Complete Source of Laboratory 
Glassware now provides your best opportunity for maxi- 
mum quantity discounts. 


Kimble—now offers you new convenience along with 
highest quality and greatest economy. 


SEND FOR THE NEW KIMBLE CATALOG NOW! 


The new Kimble catalog offers you convenient one- 
stop service for all your laboratory glassware require- 
ments, Send in the coupon for your copy now! 


KIMAX is a trade-mark of Kimbie Glass Company 


Kimble Glass Company, subsidiary of Owens-Illinois 
Dept. JE-9, Toledo 1, Ohio 


Please send me the new Kimble Catalog which includes 
the new KIMAX borosilicate glassware line. 


OweEns-ILLINOIS 


GENERAL OFFICES + TOLEDO 1, OHIO 
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THEY REMEMBER 
YOUR VACUUM SETTING 
EVEN AFTER SHUTTING 
DOWN SYSTEM! 


CARTESIAN 


MANOSTATS 


@ G15077 Cartesian Manostat No. 6A, all stainless steel, de- 
livered with directions for use but without mercury 


G15071 Cartesian Manostat No. 7, al! glass model ready for 
use with rubber connections. Mercury not included. ..ee. $54.00 


@ G15072 Cartesian Manostat No. 7A, al! glass model ready for 
use with rubber connections. Mercury not included. ..ea. $46.00 


™@ G15081 Cartesian Manostat No. 8, (does not have memory 
with 3 interchangeable orifices and mercury... 
ea. 3 


FOR AUTOMATIC VACUUM 
AND PRESSURE CONTROL 


No other instruments in the field can compare with these remarkable 
Cartesian Manostats for sensitivity, accuracy and reliability. Designed 
on the simple phenomenon of the Cartesian Diver, their construc tion. 
installation and operation is uncomplicat:d and extremely dependable. 


Among these manostats is the one to meet your requirements. They 
are designed to suit the sensitivities and capacities of the many installa- 
tions from a simple laboratory distillation at controlled vacuum to large 
simulated pressure chambers for testing of aviation devices. 


For — information, write for Constant Pressure and Vacuur! 
Control Bulletin. 


EMIL GREINER Co. 


20-26 N. MOORE street 222, N. Y. 13, N. Y. 
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DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N._ 


O 5s. THE STATES OF MATTER. 
SOLUTIONS. ATOMIC AND 
MOLECULAR WEIGHTS. 


(Continued from August) 


B. THE GASEOUS STATE (Continved) 


Surface Tension 

5-49s Bubbles and drops. (a) Hanging bubbles. (i) Place 15 ml. 
CCl, + 15 ml. H,0 in a 50 ml. beaker on the stage of an 
overhead projector. Using a dropper with a curved capil- 
lary tip, introduce a bubble of air at the liquid interface: 
it hangs. As more air is introduced the CCl, necks off, and 
when the bubble bursts at the surface of the water, hangs 
at the air-water interface, showing 3-phase equilibrium. 
Eventually the CCl, blob extends down into the water and 
necks off, part of it dropping back into the CCl. (2) Place 
10 ml. Hg + 15 ml. water + 15 ml. benzene in a 50 ml. 
beaker on the stage of a projector. Introduce bubbles of 
air at the water-benzene interface: they quickly rise. 
Draw benzene into the dropper, inject it under the Hg: 
the benzene bubble gives a benzene layer stably held under 
the water. Introduce a bubble of air into the benzene held 
under water by the Hg: a stable bubble forms; if air bub- 
ble is very large the benzene necks off and rises through the 
water, asin (1). A bubble of air then rises from water to 
benzene, but is held stable in rising from benzene to water. 
(Hazienvurst, T. H., 25, 252 (1948). ) 

(b) Rolling drops. (1) Place 20 ml. benzene in 100 ml. 
beaker on the stage of an overhead projector. Allow ben- 
zene from dropper to fall dropwise from a height of 10 mm.: 
the drop will take some time to merge with the bulk. Drop 
on the curved meniscus at the edge of the liquid: drop 
skitters over the surface. Greater elevation of dropper 
causes instant merging of the drop. Still greater elevation 
causes secondary rolling drops from splashes. (2) Repeat 
using alcohol: show it does not form rolling drops on ben- 
zene, and vice-versa, but a mixture will spread itself as if 
it were a pureliquid. (3)Show that kerosene spreads itself 
as if it were a pure liquid. (3) Show that kerosene spreads 
instantly over water, and does not form rolling drops. 
(Haz.enurst, T. H., 25, 252 (1948).) 


Thermal properties of liquids 

5-50s Heat of vaporization. Add water to a little methy! chloride 
in a beaker: evaporation of the methyl] chloride cools down 
the water, which freezes. (Sione, C. H., 4, 630 (1927).) 

5-51s Latent heat of solution. See Dem. 5-39s (a), crystallization 
of methy] oxalate in methanol. 


D. THE SOLID STATE 


Crystal forms 
5-52s Varieties. (a)(1) Cubes: NaCl. (2) Octahedrons: NaCl 
crystallized from alkaline, urea, or NH,OH solutions. (3) 
Aeroplane-shaped: NaCl with dialized Cr(OH),, or NaCl 
with ferric ammonium citrate. (4) Hopper-shaped crystals: 
NaCl + alum. (5) For blossoms and creeping, see later irt 
this section. (Davies, E. C. H., 11, 409 (1934).) 
(b) (1) Cubic: NaCl, KCl. (2) Tetragonal: KH:PO,, 
NiSO,, SnO2.. (3) Rhombic: Iz, MgSO,, KNO;, K:S0O,, 
ZnSO,. (4) Monoclinic: BaCh, KClO;, NasCO;, NaSO,, 
H.C,0,. (5) Triclinic: CuSO,, CaS.0;. (6) Hexagonal: 
SrI., LiKSO,. (Weaver, E. C., 22, 339 (1945).) 
Models. (a) Diatomicity. Hemp and oat seeds represent- 
ing hydrogen and oxygen in pill boxes shifted to imitate the 
formation of HO; model shows that the molecules must be 
diatomic for 2H; + O. to give 2H-O. Atyeza: use plastic 


jars, boxes, red and blue marbles. (Sneuu, J. F., 2, 190 
(1925).) 

(b) Stereoscopic crystal models. See Laboratory 2, 24 
(1929) for 37 crystal models. (ANon., 6, 982 (1929).) 

(c) See topic 24 for various crystal models. Other media 
for constructing models are (1) glass models cemented with 
Duco. (Scatreraoop, A., 14, 140 (1937)), and (2) sponge 
rubber balls held by '/,” oak dowling (Seymour, K. M., 15, 
192 (1938). ) 


Growing crystals 
5-54s Bibliography. See article for survey. Includes (1) 


methods of suspending crystals, temperature control, and 
replenishing solution for alum crystal growth, (2) avoiding 
green anhydride by crystallizing chrome alum from cold 
water, (3) sealing chrome alum in K-Al-alum to prevent 
efflorescence, (4) growth of Rochelle salts, (5) crystal dam- 
age, (6) growth of slightly soluble crystals of Ca(OH), < 
BaSQ,, AgeCrO,, BaS.O;, or PbCl, by diffusion of two 
saturated solutions, (7) blossoms, sublimation, (8) lantern 
projection of crystal formation, (9) selective dyeing, etch 
figures, modification of crystal habit by impurities, (10) 
crystallization by withdrawing from the melt. (FEHLNER, 
F. P., 33, 449 (1956).) 
Studies on growth. (a) Form and color. Set aside, for a 
week, clear filtrates of conc. aqueous solutions of chlorides of 
Na, Ba, Cu; sulfates of Cu, K, Zn, Mg; nitrates of Pb, Na; 
ferric ammonium sulfate; potassium chromate, potassium 
hydrogen sulfate, potassium aluminum sulfate, and potas- 
sium chromium sulfate. Transfer the crop of crystals to 
filter paper and blot dry. If crystals are unsatisfactory, re- 
dissolve in hot water and recrystallize. Observe color and 
shape: account for little dark spots in NaCl and other 
crystals: notice crystal angles, and in what crystals the 
upper plane surface is the reverse of the lower plane surface, 
what substances crystallize in the same state. (b) Crystal 
repair. Break off a corner of a perfect CuSO,.5H,O 
crystal; place in saturated CuSO,-aq. at room temperature, 
and observe after several days: has the broken part been 
replaced? (c) Effect of heat. Gently heat 2g. of crystals of 
the following in test tubes: CuSO,, CuCl, BaCle, CoCh, all 
hydrates. Observe color changes, amount of water given 
off, whether crystal face is retained. Cool tubes with hot 
end slightly elevated. (d) Reactions of anhydrous salts. Use 
the anhydrous salts prepared in (c) for the following tests. 
Add a drop of water to powdered CuSO, on the palm of the 
hand. Ditto to BaCl Does Plaster of Paris grow warm 
during setting? Two three samples of CuCl, add 5 ml. of 
CCk, of 95% ethanol, and of water: explain results in terms 
of ion formation. (e) Other properties. Heat NaCl crystals: 
note decrepitation (crackling noise) and explain. Which 
salt hydrates deliquesce, which effloresce? Which contain 
most water? (f) Purification. Completely dissolve 5 g. 
alum + 5 g. powdered CuSO, in 30 ml. hot water; filter 
into a clean crystallizing dish. When alum crystals form, 
wash away the mother liquor; then dissolve crystals and 
test for Cu+* with potassium ferrocyanide: there should not 
be any Cu+* present. (Srone, C. H., 9, 1107 (1932).) 
(g) Sugar crystals. Carefully boil 20 g. sucrose in 20 ml. 
water until all is dissolved; divide into two beakers con- 
taining a few crystals of sucrose; stir one vigorously for 15 
minutes; let stand a week; the stirred solution will be 
smooth like well-beaten cake icing, the other granular. 
(Devor, A. W., 22, 200 (1945).) 


5-S6s Various crystal growths. (a) (1) Powdered oxalic acid + 


30 wl. hot water; neutralize with dil. NH,OH, and then 
add slight excess of ammonia; filter hot; cool: beautiful . 
white erystals form. (2) Cut a king’s crown out of strips 
from a tin pan, fastening it with copper wire, and wrap it 
with cotton cloth. Dip in K,Cr.O;aq. and dry to give 
seeds.on-which crystals will later grow. Now soak in K,Cr-- 
O,-aq. -whigh has been saturated at 80°C. and let stand 
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5-57s 


5-588 


5-598 


5-60s 


overnight: beautiful red crystals decorate the crown. If 
time dulls the crystals, dip the crown momentarily in 
HOAc and dry. (Srons, C. H., 7, 2170 (1930).) 

(b) (1) Place sat. CuSO,-aq. on a watch glass: upon 
evaporation, flat blue plates form. (2) Quickly cool some 
nearly sat. K:Cr.0;-aq.: fine powder forms. Cool the solu- 
tion slowly: large crystals result. (3) Immerse a pipe- 
cleaner in hot, sat. K2Cr2O;-aq. and cool: beautiful forma- 
tions are obtained. (4) Heat a mixture of naphthalene + 


‘charcoal on a clock-glass covered with a funnel: pure white 
-erystals form by sublimation. 


Quickly remove the funnel: 
the cold air condenses the naphthalene vapor above the 
clock-glass into a beautiful floating cloud of sparkling 
crystals. (BacHMAN, G. B., 11, 229 (1934).) 

(c) (1) Prepare the following crystals by slow evaporation 
of saturated solutions (rub vaseline around the upper inside 
rim of the crystallizing dish to arrest creeping): hard, 
glassy, diamond-shaped K,SO,; long, white needles of 
KHSO,; white cubes of NaCl with a dark spot of water in 
the center; Pb(NO;)2; others. (2) Cut two pipe cleaners 
in half; tie the four ends together with sewing thread; bend 
the free ends outward; suspend in hot sat. K,Cr.0;-aq. 
containing some K;SQ,: fine red crystals with occasional 
white crystals form, like shrub with red branches bearing 
white flowers. (3) Copper formate. Stir powdered CuSO, 
into formic acid until no more dissolves; filter; allow to 
evaporate: blue cubic crystals form. Store in a stoppered 
vial with a drop of water. (4) Cobalt formate. Ditto using 
CoCO;: the crystals will glow when exposed to sunlight. 
(5) Notice sugar crystals in jellies. (6) Chrome alum. 
Stir powdered K2Cr.0, into 25 ml. dil. HSO,; keeping be- 
low 30°C., stir in ethanol, a little at a time, until action is 
complete; let stand: beautiful purple crystals of chrome 
alum form. Examine by transmitted light. (7) Ammon- 
tum oxalate. Neutralize hot oxalic acid with NH,OH; 
cool: white needles form. (8) Projection. Place a drop of 
sat. BaCl, on a slide above an electric light bulb: crystaliiza- 
tion begins, which can, by means of a lens, be projected 
on a screen. (10) Evaporate roll sulfur in CS: in a 
crystallizing dish covered with blotting paper: after several 
days this slow evaporation produces large crystals. (STONE, 
C. H., 23, 404 (1946).) Atyea: better than Dem. 19-9 
for large crystals. 

Zone refining. Apparatus consists of a meter length of 
12mm. tubing with a 1-inch heating zone wrapped with 
heating tape and advanced manually or with clockwork 
about '/2” every half hour. Feed stock includes (a) colored 
p-dichlorobenzene, sold commercially as a deodorant, (b) 
naphthalene containing a trace of methyl red, (c) naphtha- 
lene containing a trace of anthracene, the products being 
examined for fluorescence under UV in a dark room. 
(Curistian, J. D., 33, 32 (1956). ) 

Per-crystallization and intra-crystallization. Solutions 
inside of a 250 ml., thin collodion bag crystallize much 
faster than in beakers. Some examples follow. (a) Per- 
crystallization. Sat. NaCl or (NH,)2SO,, which crystallize 
on the outside of the bag. (Koser, J., Jour. Amer. Chem. 
Soc., 39, 944 (1917). (b) Intra-crystallization. The follow- 
ing solutions crystallize inside the bag: (1) 20% maltose- 
aq., (2) 10% lactose-aq., (3) 10% sucrose-aq., (4) 10% tar- 
taric acid, (5) 0.5 g. cystine prepared from hair (Foun, 
J. Biol. Chem., 8,9(1910)) + 50 ml. of 3% HCl. (Tauser, 
H., and Kuerner, I. S., 9, 1970 (1932).) 

Metal crystals (a) Let stand for 48 hours 50 ml. conc. HCl 
with 30 g. of 30-mesh Sn, free from Cu, As, Zn but containing 
traces of Pb and Fe. Then add 50 ml. HO; let stand 2 
hours: long needles grow out of the excess tin. (b) Repeat 
(a) but using the excess tin from (a): upon dilluting, 
crystals grow 1 cm. long in 5 min., 4 cms., in an hour. Ex- 
amine under the microscope: striations appear, the edges of 
the twinning planes cutting the faces of the needles at 45°, 
corresponding to the 111 plane. (Krpiinaer, C. C., 5, 964 
(1928).) 

Large alum crystals. (a) See original paper for discussion of 
etch figures, twinning, facial angles, etc. Bubble SO, 
through conc. K2Cr,0;-aq. at 40-50° C.; cool slowly: small 
crystals precipitate out. Select the largest; place in fresh 
sat. alum, do not use string. Keep temperature constant. 
When crystals reach the 5 g. stage, there is a marked tend- 


5-62s 


5-638 


ency for twinning; small nuclei appear. Scrape or wash 
these off, and continue growing, transferring crystals each 
day into fresh sat. solution, turning them over if un-sym- 
metrical. After 16 months crystals weighing 700 g., 
measuring 5” from tip to tip were grown. (ROHRMAN, F. A., 
and Taytor, N. W., 6, 473 (1929).) 

(b) (1) Obtaining seed crystals. Sat. solution of cold, not 
hot, chrome alum-aq.; filter; set aside tocrystallize. (2) 
Growing crystals. Place separate octahedral crystals in a 
room at uniform temperature in sat. solution. Remove 
from solution twice a week, scrape off small bud crystals, 
and replace crystals on another face to promote even 
growth. As crystals become large, they may grow as much 
as 100 g. per week. Author grew alum crystal weighing 80 
lb., measuring 14” along its triangular faces; varnished 
to prevent efflorescence; exhibited at 1939 World’s Fair. 
(Fuepvner, L. J., 18, 42 (1941); 9, 1453 (1932).) (3) Pre- 
serving. Coating with lacquers was unsuccessful, but plac- 
ing the chrome alum crystal in sat. potassium aluminum 
sulfate and thereby coating with a thin layer of this alum 
kept the crystals intact. (Fiiepner, L. J., 9, 1453 (1932).) 

(c) Equal weights of potassium chromium alum and po- 
tassium aluminum alum grow crystals which do not require 
protective coating. (Sewarp, R. P., 18, 346 (1941).) 
Other large crystals. (a) See 5-60s-(b). CuSO,.5H:O 
crystal weighing 1300 g. was also grown by this method. 

(b) Rochelle salt. Upon air-cooling a sat. solution for 72 
hours 5 em. crystals of Rochelle salt were obtained. (C.ir- 
ForD, C.W., 16, 86 (1939).) 

(c) Two 75 ml. crystallizing dishes containing sat. solu- 

tions with crystals are placed 5 cms. apart in a 2-liter jar, 
covered with water, and isolated with a layer of paraffin: 
large crystals form during 2-6 weeks. Satisfactory reagents 
are (1) sodium thiosulfate + Ba(NOs3)2, (2) CaCh + 
NaOH, (3) Pb(NO;3). + NaCl, or NaBr, or Nal, (4) 
NaSO, + Pb(NO;)2 or alkaline earth nitrates, (5) BaCl: + 
ammonium oxalate, (6) AgNO; + NaNOs:; see article for 
others. (FeRNELIUS,W. C., and Deruine, K. D., 11, 176 
(1934).) 
Blossoms. (a) Strange growths are reported after bottles 
of NH,OH stood near bottles of HCl for several months. 
Davis, H. L., and NeEckeErs, J. W., 18, 292(1941); and 
Guem, D. I., 10, 347 (1933).) 

(b) Growing blossoms. (1) Cover pieces of coal, red brick, 
cinder, unglazed porcelain in a crystallizing dish with sat. 
NaCl-aq.; keep level of liquid up by adding more NaCl-aq. 
every few days for two weeks. Finally add solution sat. 
with NaCl and Prussian Blue, and allow to evaporate to 
dryness: blossoms, rather than crystals, form. (2) Solu- 
tions containing sulfuric, tartaric, or citric acids give green 
or blue blossoms: ferric chloride treatment gives yellow 
blossoms; dyes can be added. (3) Creeping on glass or 
brick is obtained with Na salts of Cl, Br, I, NO;, SO;, or 
CO;; with K salts of Br, I, NO;, CO;, CN, MnOQ,, CrO,, 
ferrocyanide; with Ca(NO;)2, SrCh, FeSO,, Fe-ammo- 
nium sulfate, MnSO,, H;BO;, citric acid, or urea. (4) Blos- 
soms result from potassium ferrocyanide + NaCl, NaBr, 
or Nal; from NaCl + 5% sodium oleate, 10% K2CrOQ,, 1% 
Co (NO;)2.6H:0, 6% FeCl;.6H20, or 10% KCNS-aq. (5) 
The formation of walls and blossoms with drops of solu- 
tions on a glass slide can be observed under the microscope. 
(Davis, E. C. H., 11, 409 (1934).) 

Writing with crystals. Write a message on a glass plate 
with a styptic pencil. Pour sat. alum-aq. over the glass: 
crystals form, tracing the writing. (Wazzes, R. B., 11, 189 
(1934), abstracted from Pop. Sci. Mo., 123, 52 (1933).) 
Slide projection of crystallization. Grow the following on 
lantern slide cover glasses and project directly in the lan- 
tern: CuSQ,, benzoic acid, oxalic acid, KCIO;, basic 
HgCl: in silica gel, and lead tree. (Fituincer, H. H., 19, 
369 (1942).) See Dem. 24-12, 24-13, and 24-14. 


Solidification 


5-658 


(a) Melting points. (1) A small glass basket, suspended 
around the bulb of a thermometer, holds micro-melting 
point tubes; the device is immersed in an oil bath. See 
diagram in article. (Hotmgs, E. O., Jr., 20, 239 (1943).) 
(2) A complex apparatus. (NicKE:s, J. E., 28, 303 (1951). ) 


(Continued in August issue) 
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TRULY SEAMLESS! 


NO JOINTS WILL NOT CORRODE or 
KO NO PLUGS CONTAMINATE SOLUTIONS 


LANCO LOZENGE Teflon-covered 
MAGNETIC STIRRING BARS 


ACTUAL SIZE 


THIS NEW LANCO LOZENGE® magnetic stirring bar LANCO LOZENGE® Teflon-covered stirring bars—unlike all 
is the first and only one on the market to be completely others—have no joints. Ends are not plugged, as on some Tefion- 


coated stirring bars. Nor is the Teflon cover made in two pieces 
molded in one-piece Tefion . . . without seams, joints, and joined together later. Encapsulation of LANCO LOZ- 


or weak spots . . . not cemented or plugged . . . guaran- ENGES® is complete! 


teed not to fail . . . the product of the first Tefion- A complete range of stirring bar sizes is AVAILABLE FROM 
molding process to succeed in completely encapsulating STOCK. Look for the LOZENGE® . . . exclusive with Arthur 
magnetic stirring bars! .  §. LaPine and Company! 
=f No. 384CEO3 Teflon-Covered Stirring Bars 

Each and every LANCO LOZENGE® Teflon-covered stirring Size Small Medium Large 
bar is with a spark that de- No i Le 7/8 Ly 2 

LANCO LOZENGE® stirring bars are made from powerful Lots of 12,each............ 2.25 2.47 2.70 
Alnico V magnets completely molded in Tefion and sintered to May be assorted. 


produce a homogeneous, uniformly thick capsule. Only Teflon 
is used—no cement, filler, or additives. 


NEW LANCO TEMPUNIT 


Controls Temperature 


Pneumatic control system holds uninsulated 4-gallon water bath to +0.05° C. from 
room temperature to 90° C. 1000-watt immersion heater. Tempunit fits on any con- 
tainer. 


e e 
Stirs and Circulates 
Brushless, fan-cooled '/2-HP motor drives 6-bladed stirrer. Suction from stirrer will 
circulate water at the rate of one liter per minute to accessory instruments such as re- 
fractometers and viscosimeters. 


Safe to Operate 
Safety features protect the water bath from overheating, and the Tempunit from damage 
due to low water level. 


Easily Attached to Any Container 


Fiber-cushioned clamp fits flat or curved surface. Weight only 5'/: lbs. Overall height 
only 10”. Case dimensions 5'/2” x 41/,” x 31/2". For 115 volts, 60 cycles AC. 


ORDER NOW! 
No. 414CE60, each.......... $135.0° 


ARTHUR S. LaPINE and COMPANY 
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TEST RESULT 


TOO MANY VARIABLES? 


It’s time to draw a line. Straighten 
out your cleaning problems with 


HAEMO-SOL 


There’s nothing like Haemo-Sol’s unique cleansing 
power and positive rinsing . . . it’s completely 
safe! No etching! No corroding of metal pai ts! 
Immediate Haemo-Sol bath for valuable volu- 
metric and optical equipment prevents soil etching! 


Haemo-Sol guarantees clean laboratory glassware 
and apparatus— 


® removes the full range of laboratory soils 


® effectively digests protenoid materials . . . other 
types of polymeric materials 


assures free draining pipets . . . burets 


® gives sparkling clear surfaces for quartz and glass 
absorption cells 


@ provides chemically clean reaction and 
titration flasks 


® leaves the clean surfaces that are a must for the 
smooth operation of fractionating columns and 
other pieces of laboratory equipment. 


And, just as important 
as its unique cleaning 
power, is Haemo-Sol’s 
high solubility and power- 
ful solubilizing action. 
Haemo-Sol washed glass- 
ware rinses completely 
clean . . . nothing remains 
behind but a chemically 
clean, free draining glass 
surface. 


Write TODAY for 
Sample and Literature. 


Distributed by 


MEINECKE & COMPARY, Inc. 
225 Varick Street e New York 14 


apparatus instrument’? 


MEINECKE & COMPANY. INC. 


Eliminates all storage batteries 
and 
storage battery accessories 
for 
SPECTROPHOTOMETERS 
(especially the Beckman Model DU) 
and 
GENERAL 
LABORATORY APPLICATIONS 
5 volts to 10 volts dc 
up to 6 amperes 
Lower Voltages from a divider 
*Patent Pending 


youre FOR THE ASKING! 


S. Units of 


LAB’s booklet Avail- 
interested technical 
able to letterhead. 
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in balances... 


IT’S THE 
and weights, too! | ~~ L | T T L E 
“On my recent sales calls I have 3 = A | T be | N G S 


noticed that more and more people are 
becoming conscious of the 

importance of having good weights 

to use with good balances. 


“When you buy an 

Ainsworth balance you are 

buying quality and 

accuracy. But, even with 

a good balance it is tough 

to weigh accurately with 

poor weights. Ainsworth 

highly polished non-magnetic 

Brunton metal] weights 

have a smooth surface for 

resistance to contamination 

and corrosion. The hard rhodium 

plating on their bronze weights 

maintains accuracy longer. You can depend 

on Ainsworth weights being within 

tolerance and staying that way 

longer...and, with Class S Weights by Ainsworth 
a fellow doesn’t have to worry about corrections 
inmost analytical and semi-micro work. 


“These are just a couple of the ‘little things that 
count’ in accurate weighing.” 
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Quality 
HIGH VACUUM STOPCOCKS Schellbach Measuring Pipettes 
FEATURING! 


for over 27 years Blue line on milk-white strips magnified 


Specially ground to a mirror finish A 
for high vacuum work... Eck & by fluid up to and including Meniscus. 


closest tolerances. All work is done encircling the pipettes, other graduation lines 


exclusively by skilled, experienced short. Colored graduations, permanent color. 


glassblowers and technicians. 
Cat.No. Capacity,ml. Subdivisions, ml Price,ea Pkg of 18 


P-2680* 0.1 .65 $26.73 
P-2681* 0.2 95 

P-2682 

P-2683 
P-2684 
P-2685 
P-2686 
P-2687 
p.P-2688 
-2689 


*Small sizes for Ultra-Micro measurements 


We are in position to creatively interpret and manu- 
facture any apparatus to your specifications whether F.0.B. Hollis 23, N. Y. 

from a blueprint, technical article or textbook . TERMS: 1/10, net 30 days 

promptly and economically. DELIVERY: Generally from stock 

For the best in laboratory glassware send for our catalog Prices subject fo change without notice. 


For full details and catalogs on Scientific Apparatus 
Laboratory Equipment and Supplies write 


LABTICIAN 


190-04 99th Ave., Hollis 23, N. Y. e Phone: HOllis 5-6994 


=> 


World’s Finest, 
Most Efficient and Economical 
ALL-PLASTIC—NON-CORROSIVE 


EXCHANGE | 


tie: demineralizers are the -— efficient and versatile 
Ovens are designed for heavy ie aS all-plastic units ever devised. They permit ble- 
applications such as: pre- _ a permanent installation and cen deliver tho of gal- 
heating, annealing, aging, es Sey : of ped with an ionic purity better than that of 
rapid drying, curing or other NONE BETTER! COST LESS! SIMPLE TO OPERATE! 
similar usage. Requires no meters or electri 


TEMPERATURE RANGE ENLEY PUP 316 
100°-650° F. Resin Bed 
High pera’ ranges nexce in perf 
by hour but eb i ity in grains) 
ACCURACY: = 1.0° C. 300 Gals. raw water at 6 Gr./Gal. a (as CaCOs), 
co cT Model AL 170-1 31 5809 Ger "40 to 60 gallons per hot 
. our. 
Steel or Aluminized Steel $49.95 
ENLEY DEMINERALIZER SYSTEMS 


EXTERIORS—Stainless Steel or Altone silver gray enamel. GROW WITH YOUR NEEDS 


NEVER OBSOLESCE! 

37 x 25 x 37” All 2 door construction. ay cop in stec 

37 x 25 x 50” Other sizes available. fo 400 (18,000 

50 x 25 x 37 need merely ditional Enley units. 
All ovens are available with wiring, heaters, switches and explosion proofed ee units remain a part of the ex- 
motors for operation in hazardous atmospheres. ' panded system. 


0 AC- LAB P Write for details and ask for ENLEY “DE ON” D INERALIZER 
Complete line of Gravity, Me- catalog #56. See Ac-Lab equi 4 with Replaceable Cartridge 
chanical Convection and Indus- ment at your laboratory supply No regeneration necessary with this hi-efficiency de- 
rial types manufactured. Spe- dealer. mineralizer designed for smalle local 
cial types and sizes engineered cts to an’ ient water tap. Tota! 
to your order. mineral ~ ae capacity is 600 Grs. Produces water equ:! 


Distributor and dealer inquiries invited in ionic purity to a d water. 


Including 
Additional replacement cartridges 
Write for Price List and New 1957 C. talon ie for co mplete detai!s 


EQU IPM ENT COM PANY, on all Enley units and accessories. ae Mali Ce Orders Filled. 


Manufacturers of Hospital and Laboratory Equipment ENLEY PRODUCTS, INC. 
673-675 TIMPSON PLACE, NEW YORK 55, N. home. of 226 Boadway, Brooklyn 
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27-09 40th Avenue Long Island City 1,N. Y. 
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-SARGENT-MALMSTADT 


Automatic Titrator 


Using Second Derivative Method of H. V. Malmstadt 


1. Greater operational time saving 
than any former so-called auto- 
matic equipment. a 


2. No electrode problems. Most ti- 
trations can be carried out with 
plain platinum or platinum-rho- 
dium wire electrodes. 


ages. Push-button start, auto- 

matic shutoff. 

Inherent accuracy is superior to 

voltage measurement or color 

indication. 

5. Precision better than limits of 
normal techniques and reading. 

6. Directly applicable to all types 
of redox, acid-base, precipita- 
tion and complexation titration 
systems. 

Low cost, minimum maintenance. 


3. Correct end point is automatic- 
ally derived by the circuit — no 
statistical or theoretical studies 

needed. No pre-setting of volt- 


d 


Developed and manufactured by E. H. Sargent & Co., 
based on the original work of H. V. Malmstadt, (Anal. Chem., 26, 1348[1954]). 


$-29690 ELECTROMETRIC TITRATION APPARATUS— Automatic, 


mounted on a —— with swinging beaker platform and a clamp 
Potentiometer, Sargent-Malmstadt (Patents pending). 


for the titrating burette, is designed to accommodate any form 


For use in all titrations usually classified as potentiometric. 
Consisting fundamentally of a mixing and delivery unit with 
associated supports and an electronic control circuit. 

_ The control unit contains the detecting, amplifying, differen- 
tiating and relaying circuits with a simple operational panel. At 
the rear of the control unit are a stirring motor switch for manual 
use, a fuse, connecting outlets to the valve unit, connecting outlet 
to the power supply, and a recorder outlet permitting, for research 
purposes, the recording of the second derivative curve with auto- 
matic cutoff. 

The delivery unit contains a valve mechanism with an adjusta- 
ble rate controller, an open ended motor driven chuck for the 
Stirrer, stirring motor and electrode holders. The valve mechanism, 


of burette with or without stopcocks, so that it may apply to any 
of titrating installation. 

imensions of control unit: height, 7% inches; width, 10 
inches; depth, 9 inches; power consumption, 100 watts; t 
shipping weight, 35 Ibs. 

mplete, including: control unit; stirring valve unit; support 

stand with beaker platform and burette clamp; one S-30490 calomel 
electrode; one each S-30440 electrode, platinum and oe 
rhodium; one S-29695 delivery tip with internal platinum electrode, 
one S-76667 stirring rod; one S-76668 large stirring rod; connect- 
ing cable for recorder; and (eenenting. cord and ping for standard 
outlets. Without beakers or burettes. For operation from 115 vol, 
60 cycle A.C. circuits....... $4 


SARGENT 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 


MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
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SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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Photometers 


OBTAINABLE FROM YOUR 
LABORATORY SUPPLY DEALER 


Made of the finest of chemical 
porcelain — the proven material — 
COORS FUNNELS 
are designed in many styles and 
sizes — to meet your every lab- 

oratory need. 


Coors PORCELAIN COMPANY 


MONOCHROMATIC-— 
NARROW BAND- 
HIGH TRANSMISSION- 


+ FARRAND 
Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances INTERFERENCE 


which fluoresce in solution. The sensitivity 


and stability are such that it has been found 
particularly useful in determining very small FI LTE a 
amounts of these substances. 


e Farrand Interference Filters enable 
P isolation of narrow regions of the 

| spectrum and thereby afford opti- 
- mum selectivity. Their excellent 


KLETT SCIENTIFIC PRODUCT optical qualities provide high trans- 
ELECTROPHORESIS APPARATUS ¢ BIO-COLORIMETERS mission. They are permanent to nor- 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- mal atmospheric conditions —not ENGINEERING 
ETERS ¢ GLASS STANDARDS affected by heat because radiation, bevELornc 

which is not transmitted, is reflected | Désien “ 
— not absorbed. manoracre 


BULLETIN No. 800 UPON REQUEST patcison 


K CHT Manufacturing Co. FARRAND OPTICAL CO., Inc. 


179 EAST 87TH STREET, NEW YORK N. Y. BRONX BLVD. & EAST 238th STREET Miiaddaabiale 
NEW YORK 70, NEW YORK 
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t selection, greatest co- 
pecify OHAUS.. All have 
tented self-aligning agate 

accurately etched stain- 
s— sturdy consteuction— 

d, durable finish, 


710—Metric 
810—Avoirdupois 
610—Grain 


730—Metric 


STAINLESS STEEL PLATE —6” DIA. 


750-S—Metric .......... 
850-S—Avoirdupois . 


650-S—Grain 


REMOVABLE STAINLESS STEEL PAN —6” DIA. 
cet $21.45 w/o att. wts. 
27.40 w/o att. wts. 


37.30 w/o att. wts. 


$19.15 w/o att. wts. 
25.10 w/o att. wts. 


35.00 w/o att. wts. 


BRASS SCOOP — 12” x6” x 2%” 


820—Avoirdupois ........ 


720—Metric 


620—Grain 


830—Avoirdupois 
630—Grain 


760—Metric 
860—Avoirdupois 
660—Grain 


ANIMAL SUBJECT BOX —6” x9” DIA. 
$34.80 w/o att. wts. 
40.75 w/o att. ws) 
50.65 w/o att. wts. 


CONVENIENT UNDIVIDED TARE BEAM 


Stainless Steel Plate 6” Dia. 


$23.00 
28.95 
38.85 


Weighing 
Standard 


$27.50 w/o att. wts. 
33.45 w/o att. wts. 
43.35 w/o att. wts. 


TARE CAP. 
w/o att. wts. 225 Grams 
w/o att. wts. 8 Ounces 
w/o att. wts. 3500 Grains 


Beam Calibrations 


Front 


Rear Center 


Total Cap. 


W/Att. Wts. 


Cap. W/0 
Att. Wts. 


Sensitivity 


Metric 
“700” Series 


10x 0.1 
Gram 


100x10 500x100 
Gram Gram 


2610 Gram 


610 Gram 


0.1 Gram 


Avoirdupois 
“800” Series 


1x 1/64 
0z. 


16x1 


1x .01 
0z. Qz. 


5 Ibs. 2 oz. 


1 Ib. 2 oz. 


01 


Grains 
“600” Series 


100x1 
Grain 


1000 x 
100 Gn. 


5000 x 
1000 Gn. 


26,100 Grn. 


6100 Grn. 


1 Grain 
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WEIGHT RACK 
The capacity of your Ohaus Triple Beam Bol- 
ante may be readily extended with the use 
of cttachment weights, which can be sus- 
pended from the pivots on the end of the 
beam. These weights are supplied in sets 
extend the balance to its full capacity. T 
weights fit into a handy block which sits under 
the bose of the scale. Sets are available i 
Metric, Avoirdupois and Grain as shown below 


Set Standard Weight Rack 


707 “Metric with 2 #702, 1 #701.......... 
807 Avoir - with 2 #802, 1 #8CT.......... 
607 Grain with 2 #602, 1 #601... 


"Model No. 704 
This viny! metallic balance cover is specially 
designed for the Ohaus Triple Beam Balance. 
“Measures 16° x64%2"x 7”. 


List Price $1.25 

: 208 Carrying Case for Ohaus Triple Beam Balanc 

Scoop and Counterweight for Triple Beam Bal- This attractive and durable case is ade « 

_ ance, Scoop is polished brass with foot. Coun- leatherette and measures 18°x 8". 

-terweight attaches to suspension pivot. Scoop List Price $158 
fs 124%" x5%" x3” deep. 

List Price $7.50 

st 

Model No. 108 
Clamp and Rod Suppo. For use in specific Ser 
gravity weighing. Rod fits the hole provided a. 
in back of the base, and clamps. rigidly to Yo 
‘table, bench-or desk. OHAUS SCALE CORPORATION Th 
List Price $3.00 1050 COMMERCE AVENUE ote 


UNION, NEW JERSEY 


for 
A hot 
swi 


The name Ohaus on laboratory 
balances is synonomous with quality and service. E: Ma 


We are especially proud of our Triple Beam 

Balances which incorporate many of the fine features 
developed by Ohaus through its 50 years in the specialized Deli 
manufacture of this equipment. 


A complete catalog of our entire line is available on reques'. 


HARVARD TRIP BALANCES @ SOLUTION BALANCES 
INDUSTRIAL BALANCES e@ TRIPLE BEAM BALANCES 
SPECIAL PURPOSE BALANCES e@ GRAIN TESTING SCALES 
LABORATORY and SPECIAL WEIGHTS 


| 
<3 a | | 
ke 
ie 
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NEW combination 


magnetic stirrer 
and hot plate 


Suitable for all types of laboratory 
_ Stirring and heating 


A new triple duty, 6” magnetic stirrer, which can 
serve as a hot plate only, magnetic stirrer only, or 

a combination of both, is now available from 
Yonkers Laboratory Supply Co. 


The Pyro-MagneStir consists of a die cast base 
enclosing a built-in motor, rheostat speed control 
for motor, switch for motor, a 6” square aluminum 
hot plate with built-in thermostat, hot plate 
switch, and two (2) seamless Teflon covered stir- 
rings bars 1” and 1'/,” long. Special baffles and 
air circulating system prevent over-heating of 
motor. 


Py ro-MagneStir incorporates all of the rugged 
features found in the regular size and King-size 


MagneStirs. 
price 
Delivery charges prepaid to any part of the U.S.A. 


laboratory supply co. 
MANUFACTURERS & DEALERS 
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High Torque 
Power 

for Every 
Stirring Need 


Spark Free 
Induction 
Motor 


24-Hr. Service 
for Pilot 
Plant 


Ideal for 
Organic Work 


2 SPEEDS ... 2 SHAFTS ® 300 or 600 R.P.M. 


Many laboratories and pilot plants report they are 
using Waco Stirrers 24 hours a day, 7 days a week 
for months at a time. No other stirrer will give as 
much service per dollar of cost as this one. The famous 
Waco Stirrer is not a stock motor converted to a 
stirrer. The motor is specifically designed for heavy 
duty in laboratories. 


2 speeds—two 14” shefts turn in opposite 

directions at 300 and 600 R.P.M. at es- 

pecially high torque. Speed is controlled 
Y Bary) the stirrer on either the 300 or 

M. shaft. These shaft speeds cover 

of applications. 

Built-in cooling fan—allows continuous 

operation without over-heating or burning 

out. 

Induction-type motor—safe for use with 

inflammables. 


cord but without chuck or stirring , each. . $25.25 


JC 10235-1 Stirrer Chuck, for Waco Stirrer for 34” 
rods $1 


CONVENIENT PADDLE STIRRERS FIT 
ALL TYPES OF FLASKS AND STIRRERS 


JC 10236 Stirring Rods, ? a Blade Type, Stainless Steel, 
yy 19° long, the rods inserted through 
the — of a flask = rotating the blade so thet it parallels 
the shaft. Once in the flask, the balanced weight aligns the 
blade horizontally. Longer ‘shafts available on request. 


Small Medium Lerge 
20x75mm 20x100mm 
$2.75 $2.85 
JC 10236-A Above stirring rods in sets of three, 
one of each size 


LABORATORY SUPPLIES AND CHEMICALS 


4325 W. DIVISION ST., CHICAGO SI, ILLINOIS 


| WACO POWER STIRRER 
$25.25 
| 
x 
ice $154 
TION 
| 
| 
zed 
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Unbreakable, Polyethylene 
CHECK VALVE 


Operates in any position. Can be taken apart for cleaning by 
soaking in boiling water. Very low pressure provides a positive 
seal. Use in vacuum line and many other ways in the laboratory. 


PRICE Single Doz. lots Case of 72 
74 


62 


Through leading supply houses or direct. 
Send for catalog of complete line—Minimum order $10.00 


-PIONE! 


Box 38, Far Hills Branch 


ER PLASTICS. 


Dayton 9, Ohio - 


AUTOMATIC ELECTRIC IMMERSION HEATER 
with acid resisting Stainless Steel Heating Element | 


A UNIQUE LABORATORY INSTRUMENT 
Automatically maintains desired temperature 
within + 1° F. Just set the dial. Specially de- 
signed, built-in Thermostat does the rest. Liquid 
absorbs all the heat generated; none is wasted. 

THOUSANDS IN DAILY USE! 
SAFE - CONVENIENT - ECONOMICAL 
FULLY GUARANTEED FOR 1 YEAR 

Completely portable 

¢ Fully insulated against electric shock 

e “Finger Grip” plastic handle never overheats 

e Safety cut-out operates when instrument is out of liquid 

e No danger of burning out element—no fire hazard 

© No special wiring required * Economical to operate 

© Plugs into any 115V—-A.C. (only) outlet. Other ratings 
available on special order 


Operating 
Wattage ange 
105°-212°F 


150°-212°F 
$-1020 and S-1040 have "twat ofl For 1 


ui dealer cannot in its field! 
vow fot equipment supply you, we will 


conr 


New York 56, N. Y. 


429 East 164th St. 


Now write on every surface with 
the Tech-Pen. Writes with 
brilliant, opaque, rubproof inks 
...leaves sharp, quick-drying, 
markings...resists washing, 
autoclaving, and extremely 
high temperatures...is not 
affected by acids, alkalies, 

or alcohol...can be easily 
removed with common 
solvents. 


Ideal for experimental 
printed circuits. Draw your 
circuit directly on the 
copper...after etching, the 
only copper remaining is 
beneath your drawn line. 


Includes 
jough ink for 
25, ‘000 characters. 


Refills: 75¢ per tube 
Extra | points: 
2 for $1.00 


SPECIAL 


LIGHT SOURCES 


by GATES 


e Raymaster Blacklight 
(long and short wave ultraviolet) 


¢ Sodium Vapor 

¢ Mercury Vapor 

¢ Zirconium Concentrated Arc Lamps 

¢ Mercury Point Sources 

¢ Imported Spectral Lamps 

¢ Photochemical or High Intensity “Uviarcs” 
¢ Auxiliary Operating Equipment for Above 


Write for FREE Catalog or Contact your Laboratory Supply Deale:. 


GEORGEW.GATES E@. 


Box 216, Franklin Square, L.I., N.Y 
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A green, blue, 
— 
| 
iil 
| 
| 
| Immer- 
Model Length Price 
S-1005 5” | $19.00 Fl 
S-1008 850 75°-212°F 8” 22.00 i 
$-1010 850 100°-212°F 10” 23.00 | 
S-1012 850 115°-212°F 12” 25.00 tC 
S-1015 850 125°-212°F 15” 26.00 
S-1020 850 140°-212°F 20” 29.00 


TEMPERATURE 
RANGE 
2600 F 


The Hevi Duty G-05-PT Fur- 
nace is a complete unit ready for use. 
All the temperature control and indicat- 
ing devices are located in the furnace 
base. A tap-changing transformer 
equipped with two selector switches 
offers 48 steps of temperature control. 
This method allows close temperature 
regulation and means savings in power 
and maintenance. An indicating pyrom- 
eter and ammeter are mounted for 
easy observation. 


Easily replaceable Silicon Carbide heat- 
ing elements provide a uniform heat 
above and below a ceramic muffle 
which forms the heating chamber. In- 
side dimensions 4” wide, 3” high, 7” 
deep. 


SEND FOR DETAILS IN BULLETIN 250-A. 


MGLASS INCORPORATED 
0. INELAND # NEW JERSEY 


Midwestern Divisio 


(Es 


MILWAUKEE 1, WISCONSIN 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


FURNACES 
VD Complete ie 
Self-Contained 
aN Q Furnace 
Positive 
pericing Control 
tosend youcoPy” ‘Fast 
i 
ove niform: | 
HEVI DUTY ELECTRIC COMPANY 
A403 


EICHERT7 POLARIZING MICROSCOPES 


for research and routine investigations in Polarized light 
Reichert Polarizing microscopes | 
are designed to meet your most | 
exacting research requirements 
for diversified applications. 


Authorities in the fields of 
chemistry, mineralogy, geol- 
ogy, petrology and bio-chem- 
istry recognize that Reichert 
microscopes are the ultimate in 
technical skill and craftsman- 
ship and the finest instruments 
optical technology has to offer. 


FEATURES 
© Rotatable centerable circular 
stage 
© Bertrand Lens-built-in, swing-out type 
®@ Mechanical and universal stages 
®@ Universal opaque illuminators 
© Strain-free optical system 
® Centerable nose-piece 
© Berek Compensators 
Klein magnifiers—Czapski eyepieces 
© Complete range of objectives and eyepieces 


FOR FULL DETAILS, WRITE 


WILLIAM J. HACKER &CO., INC. 
82 BEAVER STREET, NEW YORK 5,N.Y. 


Lippich Type Polarimeter 
(Schmidt & Haensch) 


A precision instrument for measuring the rotation of the 
plane of polarization of all optically active substances. 
Big advantage is its glass circle instead of metal circle. 
The scale on glass, instead of on metal, in conjunction 
with a micrometer plate, permits direct reading without 
vernier, resulting in greater speed and precision of 
reading. Glass circle is rigidly connected with the 
analyzer and carries two scales, an angular scale in 
degrees arc and a scale in international sugar degrees. 
Sodium vapor lamp is an integral part of the instrument 
and is always in alignment and ready for use. 


Model A with receiving trough for tubes up to a length of 220 mm. 
Model B with receiving trough for tubes up to a length of 400 mm. 


Bulletin SH-344 on request 


FISH-SCHURMAN CORPORATION 
71 Portman Road New Rochelle, N. Y. 


LL 


6 new Color Filmstrips 
correlated with Weaver and Foster: 


McGraw-Hill Text-Film Department is pleased to 
announce the release of Set IV in the popular 
Chemistry Filmstrip Series. In full color, each 
filmstrip begins with a built-in teaching guide. 
Presenting materials that cannot be found in most 
high school or college texts now available, we 
believe this series to be the finest ever produced 
for the teacher and student of high school and 
introductory college chemistry. 


SULFURIC, KING OF THE ACIDS THE FLUORINE STORY 


HYDROCARBONS NITROGEN FIXATION 
BALANCING EQUATIONS BY ELECTROPLATING 
ELECTRON-TRANSFER 


(Each filmstrip approximately 40 frames) 


Write today for full descriptive literature on Set 
IV as well as the preceding filmstrips in this out- 
standing series. 


Text-Film Department 
McGraw-Hill Book Company, Inc. 
330 West 42nd Street New York, N. Y. 


CHEMISTRY FOR OUR TIMES 


Now 


Acenaph Acetoned! 
a-Acetylindo: 3-Acetylp cetylthiocholine iodide, cis- 
Aconitic Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanyl Alkaloids, 4-Aminopyridine; Amyine; 
Arachidonic Acid; 
held, Bacitacin, Behenic Acid, 
Ceryl a-Chioralose, B-Chioralose 
phonic Acid; p-Chloromercuribenzoate ery 
tory Hormone, +-Collidin Columbium Chloride, 
Copper Glycinate ehydroascorbic Acid; 
Glucoside; Desthiobiotin, Dialuric ‘Acids [Dibromosaicylaldeh 
Phosphate; 
Endosuccinic Derivatives; Enzymes Erucic Acid; 

Fi Gitoxin; Acid; Gluco- 
sides; Glucuronides; Glycylglycyliglycine; 
Glycylleucine; Glycyl Glycyl Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; fy 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic lod 
e-lodosobent oic Acid; Isoascorbice Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lectobionic Acid; Leucyltyrosine; 
Acid; Lithium Amide; Margetic Acid; Menthol Glucuron- 
ide; Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine, 
B-Methylcrotonic Acid; 3-Methy!- 
cytosine; Methylnonylketone; Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy! Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Pars- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetate; querer ine 


Sphi 
gosine; Stilbamidine; Sul i Tantalum Chi 

ophero ‘ocoph hosphate; 
jone Troi Acid; ~~ Py eryet. eryst.; Uridine; Uro- 
Ask us for others! 


DELTA CHEMICAL WORKS, 


23 West 60th St. New York 23,N.) 
Telephone Plaza 7-6317 
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FASTER PERFORMANCE 
without “speed-up” 
with the KERN LK 30 


MICRO-ELECTROPHORESIS APPARATUS 


@ The new SIMULTANEOUS 
CELL provides electrophoretic 
analysis of two micro samples 
in only ONE hour (original 

_ cell, one sample in 1'/2 hr.) 


eThe new CURVE 
PLOTTER CP-5 simplifies 
and greatly accelerates the 
plotting of component per- 
centages 


e@ The new, small DIALYSIS 
VESSEL dialyzes 1 ml. of 
' solution in 1 hour (serviceable 
~’ wherever micro samples must 


Simultaneous Cell for KERN LK-30 be dialyzed) 


Improved KERN 
FULL-CIRCLE POLARIMETER 


@ Newly designed instrument cabinet 
e Trough revised to take standard tubes 


— but... No change in price 


Write today for details to: 


KERN COMPANY 


5 Beekman Street ° New York 38, N. Y. 


NEW! BUNSEN-TYPE BURNER 


I x No Gas Installation Required 
Portable—Lightweight—Handy 
* Greater Heat Potential 


TURNER 


Bunsen-Type 


BURNER 


No. LP 888—Interchangeable— 


® Ideal for general laboratory, schoolroom or indus- 
trial use 

¢ Tanks and valve assemblies made with 1” inlet for 
interchangeability with similar propane equipment 

@ Uses LP (Liquified Petroleum) gas in handy dispos- 
able tank 

Eliminates need for gas piping 

¢ All brass burner control valve and fittings 

* Unit 5%” high in operating position; designed for 
use with standard laboratory equipment 

@ Wire cradle holds tank securely 

* Lights instantly...one valve for safe finger-tip 
flame adjustment 

* Heavy-gauge tank ICC approved 


Retail price: $8.95 complete Replacement Tank: $2.04 


Specialists in equipment for 
chemical, medical and clinical laboratories 


INSTRUMENTATION ASSOCIATES 
17 West 60th Street © New York 23, N. Y. 
| 
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Since 1946 Bel-Art Products has 
filled the ever-increasing demand 
for plastic ware of Polyethylene, 
Vinyl, Lucite, Nylon, Acetate or 
foams in the scientific and in- 
dustrial fields. 


Also Polyethylene 
bottles, funnels, 
beakers, graduate 
cylinders, tubes, tub- 
ing, etc. Large selec- 
tion of stock items in 
Lucite, Vinyl, Poly- 
urethane and other 
— always avail- 


Bel-Art has the know-how and experience for manu- 
facturing high quality laboratory ware or custom design- 
ing items for your special needs—and knows the right 
plastics for the job. Consult our technical staff regard- 
ing your requirements. 


Ask your supply dealer or write for catalog 


Plastics for Industry 


READINGS... 
anywhere— 


instantly 
with 


the ANALYTICAL POCKET pH METER 


Completely self- Instrument size: 2X 5% X 2% 
contained in water- 
proof, ever-ready 


inches 
case. Weight with accessories: 3 Ibs. 


ANALYTICAL MEASUREMENTS, INC. 


il 585 Main Street, Chatham, N. J. 


Please send full information about your pocket pH meter to: 


Bel-Art Plastics for Laboratory and Industry 
POLY-HAND] 
‘ 
BEL-ART PRODUCTS | 
FABRICATING > 4917 Murphy Place, West New York, N. J. 
SEWING 
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CATON A405 


VACUUM DISTILLATION PUMP 


SINGLE-STAGE CONSTRUCTION 


Especially Efficient In Distillation Requiring Long, 
Continuous Service 

Extra Large Oil Reservoir and Greater Free Air Capacity 

increase value and utility of pump for | 

vacuum distillation purposes 


e Guaranteed Vacuum .02 mm. 
(20 microns) 


e Free Air Capacity 
33.4 Liters Per Minute 


PRICE 


Complete with Motor 


No. 1404H 


Pump Revolutions—300 RPM 


The large volume of oil dilutes the vapors which are a Motor—'/; HP—1725 RPM 
product of Pa Ramp thereby reducing sticking and Tubing Required—*/,-inch i.d. 
corrosion of the pump mechanism. If the oil becomes Over-all Dimensions of Mounted Pump 


too contaminated, it can be removed quickly and easily - : 
by means of the drain cock. The movement is simple, 19°/s x 11'/s x 15°/s inches high 
trouble-free and operates quietly. Belt-tightening Provision 

Supply of Duo-Seal Oil 


1404H. WEGNER PUMP, Motor Driven. 1404F. WEGNER PUMP, Motor Driven. 
For 115 volts, 70 Cycles A.C. Each, $150.00 For 115 Volts, D.C. Each, $200.00 


For attached Belt Guard, add $17.50 to prices. 
1404. WEGNER PUMP, Unmounted. 


14041. WEGNER PUMP, Motor Driven. With pully, but without motor belt, or base. 
For 230 volts, 60 Cycles, A.C. Each, $152.00 Each, $115.00) 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880—__— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Kodak reports on: 


learning to synchronize . . . lending a certain air to your work ... 25 years in the 
commercial plastics business 


Semi-pro sound movies 


Four hundred feet of unexposed 
16mm Kodachrome Film can be pur- 
chased for $24. $14 more gets it 
processed (and by us at that). $10 
more puts a Kodak Sonotrack Coat- 
ing along the edge. Now sound can 
be magnetically recorded on the 
film by merely projecting it with the 
Kodak Pageant Sound Projector, 
Magnetic-Optical, while commen- 
tary, sound effects, and/or musical 
background are applied via the 
handy microphone. Now, if 10% is 
enough for wastage, you have 10 
minutes of movies with sound. 
Total outlay, exclusive of equip- 
ment amortization and talent—$48. 
If you have planned well, you can 
impart much information or per- 
suasion in this way, and more viv- 
idly than by ink on paper. 

Then ambition sets in. You real- 
ize in time that the distinction be- 
tween a movie with sound and a 
sound movie can be as noticeable 
as the distinction between “‘assist- 
ant director” and “assistant to the 
director.” 

Synchronization—that’s the prob- 
lem. 
If the aforementioned Pageant 
projector could be run at exactly 
the same speed as the movie cam- 
era used, you could take the pro- 
jector to the scene of photography 
and with it record lip-synchronized 
speech and actual sounds. This 
turns out to be feasible. All you 
need is a simple braking attach- 
ment on the projector and a strobe 
pattern disk, both of which we can 
supply, and a little neon or argon 
lamp. 

Still, you are not yet in a good 
position to compete for the top 
awards of the Motion Picture Acad- 
emy of Arts and Sciences. On the 
other hand, you have paid the 
Kodak Audio-Visual Dealer only 
$12.50 for synchronizing equip- 
ment. 

By now when watching movies 
at the theater or on television, you 
are aware of how the film editor 
keeps switching back and forth be- 
tween the camera angles and auxil- 
iary shots at his disposal while the 
sound track flows smoothly on. So 
back you go to the Audio-Visual 
Dealer. He has been fully indoctri- 


nated by us in a new re-recording 
technique built around a few other 
extremely inexpensive magnetic re- 
cording aids and certain unique de- 
sign features of the Pageant Sound 
Projector, Models MK4 and AV- 
104M. He is eager to teach it to you. 

If you can’t remember the fellow’s 
name, a note to Eastman Kodak Com- 
pany, Audio-Visual Sales, Rochester 4, 
N. Y., will bring a quick reminder. 


For titrating 


If none of the 57 color-changing 
Eastman pH Indicators gives a 
color you can see through the ma- 
terial titrated, you might consider 
one of the 23 Eastman Fluorescent 
Indicators and an ultraviolet lamp. 
They change fluorescence with pH. 
They also lend a Mephistophelean 
air to your work. 

Our newest compound with this 
property, trans-o-Hydroxycinnamic 
Acid (Eastman 7398, long known as 
coumaric acid) is for titrating weak 
acid against strong base. It is said 
to take on a green fluorescence in 
passing from pH 7.2 to 9.0, to de- 
tect mercurous ions amidst mer- 
curic ions, and to inhibit zygote 
germination in the green alga 
Chlamydomonas eugametus. 

For an 11" x 15\" chart of the indi- 
cators or a copy of List No. 40 of some 
3600 other highly available Eastman 
Organic Chemicals, write Distillation 
Products Industries, Rochester 3, N. Y. 
(Division of Eastman Kodak Company). 
If anybody wants to give us a procedural 
abstract of the mercurous ion determi- 
nation from the Polish journal that pub- 
lished it, we'll distribute it to other in- 
terested parties. 


Hooray! 

This fall we celebrate the 25th an- 
niversary of our entry into commer- 
cial plastics (as distinguished from 
plastics for photographic film base, 
which we have been in since 1889). 
Hooray. 


If you share our elation over the 
occasion, you will permit us to send 
you a plastic (Tenite Butyrate) com- 
memorative medallion depicting 
one of the first U. S. injection mold- 
ing machines. This heraldic device 
marks the historic fact that injec-. 
tion molding of plastics became an 
art of mankind through our exploi- 
tation of the discovery that cellu- 
lose acetate, mixed with a plasti- 
cizer, could be squirted hot. Hooray! 

Not only that, but we stand out 
from the crowd of plastics makers 
in another way, too. We deplore 
limitations on the number of color 
standards in the trade, for we know 
the joy that the human race takes in 
its color vision. 

Long live Kodachrome, Koda- 
color, Ektachrome, Ektacolor, and 
Eastman Color Films! Also Chrom- 
spun Acetate Yarn! 

The chromaticity diagram of the 
International Commission on IIlu- 
mination—long may it wave! 

Long live those gallant fellows 
of ours who spend their 8-to-5 lives 
exploring its mathematical proper- 
ties and conclude that the normal 
eye is capable of about two million 
distinguishably different color sen- 
sations, half of which are possible 
as colors of actual objects! 

Long live the automotive genius 
who decides just how much differ- 
ence from any of the 38,000 extant 
colors in sturdy Tenite Acetate, ex- 
tra tough Tenite Butyrate, and 
warmly soft Tenite Polyethylene it 
will take to create a certain effect 
in your wife’s mind when she sneaks 
a peek into the 1959 model while 
waiting in the showroom for the 
service department to make its 
estimate on overhauling the old 
heap! 

For a reprint of a very recent paper 
of ours that tells how to build an elec- 
tronic digital tristimulus integrator that 
attaches to a recording spectrophotome- 
ter and reads off ICI co-ordinates for any 
color, write Eastman Kodak Company, 
Research Laboratories, Rochester 4, 
N. Y. For the commemorative medal- 
lion, or for any conceivable color effect 
in Tenite Plastics, which are, frankly, 
the aristocratic family of the plastics 
age, write Eastman Chemical Prod- 
ucts, Inc., Kingsport, Tenn. (Subsidiary 
of Eastman Kodak Company). 


Prices quoted are subject to 


This is another advertisement where Eastman Kodak Company 
Probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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POLARIMETER WITH SCALE 


v4 ; 
— READING TO 0.05 


MADE IN WEST GERMANY 


® Inclined observation telescope permits readings 
from sitting position. 

® Glass scale, verniers and Laurent half-shade plate 
(triple field of view) are observed in the same 
telescope. 

© [illumination by either a double filament 40-watt 

bulb or sodium spectral bulb. 


® Newly designed, precision polarimeter tubes ensure 
absence of strain, resulting in true measurements. 


® Direct vernier readings can be made to 0.05° and 
estimated to 0.025°. 


Free detailed literature sent upon request 


CARL ZEISS, INC., 485 Fitth ave, New York 17, N. Y. 


Guaranteed uninterrupted repair service 


Easy for 
Students 
to Use 


YOUR LABORATORY CAN HAVE 
« ALL OF THESE MACHINES 


at extremely low cost... 


Here’s the all-purpose unit that’s perfect for every 
laboratory use. With Erweka, you operate 14 dif- 
ferent machines with only one basic motor drive unit. 
All 14 lightweight attachments are quickly and simp!) 
interchangeable—in minutes you can change from 
one type of operation to any other. 


Ball Mill Vibrator Ointment Mill 
Mixer Tablet Press Write or phone today for literature and to arrange a demonstration. 
— Coater Bottle Shaker Ch i and Ph | Ind Co., | 
omogenizer Agitator emical an armaceutical Industry Co., ‘nc. 
Granulator Unit ChemiPharm 90 West Broadway, N. ¥.7,N.¥. BEekman 3-1730 
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Will presents 


“H” SERIES 


FAST 
20 second weighing 


PRECISE 
to a fraction of a milligram 


DIRECT READING 
from 1 gram optical scale 


The Multipurpose ‘“H” Balance fills the gap between the popular 
single pan analytical balances and the fast direct reading “K”’ 
Series. If the K-7 is not accurate enough, or the B-5 too sensitive 
. . . or loo costly for your particular work, then . . . the ““H”’ series 
is for you. 

Basically, the ““H”’ design is similar to the B-5: beam under 
constant load . . . air damped . . . single pan . . . synthetic sapphire 
knife edges and planes . . . automatic weight handling. 

But weighings are faster . . . the “H”’ balances have an optical 
scale covering 1200 milligrams in 10 mg. divisions (The H-4 has 
a vernier subdivided to 1 mg. . . . the H-5 an optical micrometer 
graduated to 14 mg.) 

The built-in weights (there are only 8) are adjusted to Class S 
Tolerance on the H-5 . . . to Class P on the H-3 and H-4. All 
models include a taring device up to 15 grams. 


Sensi- Capac- Reado- Accuracy within 
Model tivity ity bility Precision optical range Each 
H-3 10 gm. | 160 gm. 1 mg. | +0.5 mg. + Img. $550.00 
H-4, Img. | 160 gm. | 0.5 mg. | +0.3 mg. +0.5 mg. 585.00 
H-5 Ya mg. | 160 gm. | 0.1 mg. | +0.1 mg. +0.1 mg. 650.00 


Limited Stock on Hand .x . 
ORDER NOW FROM YOUR NEAREST 
and subsidiaries 


WILL SUPPLY & SERVICE CENTER 
Wil 
Specialists in @ Scientific Supply 


ROCHESTER 3, N.Y. « ATLANTA 1, GA. © NEW YORK 52, WLY. + BALTIMORE 24, MD. + BUFFALO 5, N.Y. 
$0. CHARLESTON 3, W. VA. 


CORPORATION 
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LIVING CHEMISTRY 


Maurice R. Ahrens, Professor of Educa- 
tion, University of Florida, Norris F. Bush, 
Director of Special Education and Pupil 
Personnel, Denver, and Ray K. Easley, 
Principal, Westwood School, Denver. 
Ginn and Company, Boston, 1957. viii + 
582 + xlix pp. 759 figs. 26 X 20cm. 
$5.28. 


Tuts textbook appeared in its original 
form several years ago, has gone through 
a number of printings, and now assumes 
the form of a second revised edition. 
The authors are fully competent, and all 
served as teachers of chemistry in the 
Denver public schools. They have since 
graduated to better positions. This has 
taken them out of the classroom which is 
regrettable from the point of view of the 
boys and girls but is understandable 
career-wise. 

“Living Chemistry’’ departs consider- 
ably from the usual format of a text in 
high-school chemistry. When it first made 
its appearance conservative teachers stated 
that it would never sell. It was too 
“different.’’ Only conventional texts were 
presumed to be salesworthy. This was 
analogous to the introduction of Linus 
Pauling’s textbook ‘General Chemistry’’ 
at the college freshman level several years 
ago. Both have made their impact felt 
in chemical education. 

The authors have broken away from the 
traditional pattern successfully. This is 
not easy to do. One of the difficult 
problems which confronts authors of 
high-school textbooks in chemistry is the 
relative amount of physical chemistry 
versus descriptive chemistry. The place- 
ment of this material, too, is important, 
for’an understanding of the latter depends 
upen the basic principles of the former. 
The authors of “Living Chemistry’’ have 
solved this problem well. 

One may argue that this text does not 
meet strict college entrance requirements. 
Critics point to such chapter headings as 
“The Chemistry of Tableware,’ 
Chemistry of Cosmetics,’’ and the ““Chem- 
istry of Home Decorations’’ to support 
their contention. An examination of the 
content of these and similar chapters 
reveals a whale of a lot of technical 
knowledge within them. The treatment 
of such fundamental topics as matter and 
energy, solutions and ionization, and the 
structure of matter is adequate. 

The book is designed to meet the needs 
of youth. Broad areas of modern living 
are encompassed in the 23 chapters 
relating to the chemistry of the individual, 
chemistry of the home, and chemistry 
of the community. Integrated in these 
chapters is found the material usually 
found under such traditional headings as 
“Colloids,” “Ores and Minerals,’ “The 
Alkali Metals,’ and ‘“Hydrocarbons.”’ 
The fact that the material is presented in 
an interesting way and meaningful context 
does not mean that the text represents a 

(Continued on page A410) 
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EW DAIGGER ECONOMO 
LABORATORY 
STIRRER 


ONLY 
Quantity 


$17.40 discounts 


* 
Sparkless This economical stirrer fills the need for all medium duty 
* stirrer applications. Rigidly constructed. Has sparkless, 
Const ant induction type motor in a fully enclosed, dustproof hous- 
S ing. Speed 1550 rpm at full-load. Collet-type chuck 
peed will take any '/, inch stirring rod. Zinc plated steel rod 
* is built on for ease in mounting to any type support stand. 
Totally Cord is supplied with snap-action On-Off switch. For 
115 Volts, 60 Cycles, A.C. Complete line of accessories 

Enclosed available. 


Motor S$ 6250J Economo Utility Stirrer 


159 W. Kinzie 
Chicago 10, 
Ilinois 


| depen NALGO 


..flexible plastic tubing 


NALGON TUBING* is saving time 

and money in plants and laboratories 

everywhere. Perfect flexibility, high chemical 

resistance, absolute safety, true transparency and 

excellent dimensional stability prove efficiency in use . . . and it’s 

economical too! The 4%,” D with %,” wall sells for less than 15c 

per foot. You'll find NALGON easy to handle and available in all 
sizes from 14” ID through 2” ID. Ask your dealer for catalog E-956 
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watered down course of study. In my 
opinion, Ahrens, Bush, and Easley have 
taken a forward step in chemical educa: ion 


ROLLAND J. GLADILUx 
Researcu LABORATORIES 
Nracara New Youre 


CHEMICAL MARKET RESEARCH IN 
PRACTICE 


Edited by Richard E. Chaddock, Direc. 
tor of Development, Virginia Cellulose 
Department, Hercules Powder Co. Rein. 
hold Publishing Corp., New York, 1956. 
x + 196 pp. Figs. and tables. 13.5 y 
19.5cm. $3. 


Tuts volume, written by men who daily 
face the problems of market research in the 
chemical industry, is a timely treatment of 
a business function discussed by many in 
recent years but perhaps understood by 
only a few. The first nine chapters do a 
commendable job of explaining what 
chemical market research is, how it is 
organized, what it accomplishes, what kind 
of people are engaged in market research, 
and what are its limitations. The book 
should be especially useful to the college 
instructor who wishes to inform his 
students of the nature of market research 
in the chemical industry. The busines 
executive who is considering the establish- 
ment of a staff group to perform chemical 
market research will also find the book 
revealing and thought-provoking. 

There are a few topics treated that could 
well form the subject of lively debate 
among those of us already engaged in 
chemical market research. One of these 
revolves around the scope of activity of 
the Market Research Department in 
dealing with any particular problem 
Some of the chapters imply that the 
chemical market analyst concerns himself 
with problems of market development and 
process economic evaluation to a greater 
degree than probably exists in most large 
chemical companies. The book leaves the 
impression that a chemical market re 
search group normally covers mor 
ground than most groups probably do. 

The last seven chapters are ca% 
histories illustrating the nature of some of 
the market problems that might be er- 
countered in certain segments of the 
chemical industry. 


J. W. EVERSON 
Dow CuHemicat CoMPANY 
MIpLanp, MICHIGAN 


FUSION METHODS IN CHEMICAL 
MICROSCOPY 


Walter C. McCrone, Jr., Chicago, Illinois 
Interscience Publishers, Inc., New York 
1957. vii + 307 pp. 118 figs. 25 table: 
15 X 23 cm. $6.75. 


“Fusion methods” include (1) th 
methods and procedures useful in ™ 
search and analysis which involve heatint 
a compound or a mixture of compouné: 


(Continued on page A412) 
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Lal) Ware -VITREOSIL 
ADILUX 
| IN 
k, Direc. 
Sellulose 
>. Rein- 
18 of E-D filter paper for 
Chromatography and 
rho daily e 
ch nth Electrophoresis 
tment of 
many in 
stood by 
fers doa 
1g what 
hat kind Readily available in a variety of grades and sizes 

h, 
e college The most exacting needs of produced in Filtertown, most possess the high de- 
orm his laboratories throughout the grees of uniformity and purity, that are essential 
research world are most eminently characteristics for filter paper for use in 
busines and successfully met by chromatography or electrophoresis. 
establish. Vitreosil ware (pure fused In point of fact, E-D filter papers are most favor- 
chemical silica) peodnend So Ge high- ably known for dependability, neutrality, and low 
the book est standards of — ash content. 
7 hemi re- For two dimensional chromatography and electro- 
or et Bn A un- phoresis—the most popular grades are 301, 609, 613 
| ne usual electrical resistivity, and Purity 7. They represent the thin, medium, and 
ot + te best ultra-violet transmis- heavy es which provide rapid, medium, or slow 
tivity o sion (in transparent quali- in sheets. sizes can be 
ment. in ty) and low initial cost com- » of course, the very popular 
problem to platinum are some : 
that the eatures of Vitreosil fused For single dimensional chromatography, rolls or 
: Fi usuall are ordinarily sup in len oO eet. Stri 
from 14” to io” wite, 22” long. Other sizes available. 
ost, large and opaque, including We have prepared a Sample Kit for your use to 
eaves the ungl cruci- help you determine which grade—or grades—suit 
arket Ie bles, evaporating dishes, your purposes best. No charge or obligatiun. vem.” 
rs more , tubing and rods in send in the coupon below and we will promptly 
ly do. all diameters and olaes, 3 forward this Sample Kit to you. 
offer rication 
ps full details of your re- FILTERTOWN 

MT. HOLLY SPRINGS, PENNA. 
EVERSON 

THE EATON-DIKEMAN COMPANY 
FILTERTOWN 
; MT. HOLLY SPRINGS, PENNA, 
AL ( Send me the Sample Kit of E-D filter papers for Chromatography and Electro- 
phoresis in sheets, 184%" x 22%". 

Send me samples of E-D filter paper to fit equipment | have checked. 
o, Illinois Cabinet Unit Square jar Rectangular jar 
‘ew York [_] Round jar—12" (] Round jar—10" Round jar—6" 
25 tables. [J Tube Units—4" Tube Units—2% " 

" Roll—%2" 

(1) the Title 
in 
re heating 
ympounds 
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COMPACT AND PORTABLE 
FOR “ON-THE-JOB” USE 


INDUSTRO® MODEL B (pictured). For 
carbon dioxide, oxygen and carbon 
monoxide. No glass stopcocks; no 
needle valves. 


INDUSTRO® MODEL C Has added fa- 
cilities for more complex mixtures 
such as three components plus two 
combustibles. 


For use with 115 Volts, AC or DC. 


ALSO AVAILABLE—A selection of gas 
analyzers for general and specific pur- 

ses. Ask for Manual for Gas Ana- 
edition, and Gas Analysis 


BURRELL “For Scientists Everywhere” 


INDUSTRO’GAS ANALYZERS 


talog No. 81. 


@®Trademark Registered U. S. Patent Office 


Recent Sooks 


CAT. NO. ITEM PRICE 
40-703 Gas Analyzer, Industro Model B 125.00 
(Complete with carrying case and set of solutions) 

40-707 Gas Analyzer, Industro Model C 190.00 
(Complete with carrying case and set of solutions) 

Prices listed are F.O.8. Pittsburgh, Pa. 


BURRELL CORPORATION 


Scientific Instruments and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 
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on a microscope slide and (2) all obsc:- 
vations made during heating of thie 
preparation, on the melt itself, during 
solidification of the melt, and during fur- 
ther cooling. Chapter I describes meth- 
ods; Chapter II, commercially availal le 
equipment; Chapter III, techniqucs; 
and Chapter IV, applications. Chapter 
V (99 pages) contains four tables for the 
identification of 1189 organic compounds 
by measurement of the melting poiits 
and refractive indices of the melt. 

The general methods consist of deter- 
mining the melting point, the eutectic 
melting points with two standard sib- 
stances, and the temperature at which a 
glass powder standard (set covers range 
from 1.43 to 1.69 in 0.01 increments) has 
the same index as the melt; of studying 
the polymorphic properties; of observing 
outstanding morphological or optical 
characteristics such as anomalous polar- 
ization colors, unique shrinkage cracks 
or gas bubbles, odd crystal habit and 
transformation mechanism; of measuring 
crystallographic properties, etc. 

Since only low magnifications are re- 
quired, low power objectives with long 
working distance are suitable. The prin- 
cipal accessory is the auxiliary stage 
designed to furnish the required tempera- 
ture. Three hot stages are described. 
Some of these are used in conjunction 
with an ordinary microscope and some 
are complete instruments. A “hot bar,” 
a long narrow hot plate having a uniform 
temperature gradient from end to end, is 
described. A microrefractometer and a 
microspectrograph are described. 

The technique of using these instru- 
ments is described, followed by a dis- 
cussion of the observations useful in 
characterizing and_ identifying fusible 
compounds. Other techniques performed 
on a microscopic scale include: detection 
of impurities (unsharp melting point) and 
estimation of purity, methods of purifica- 
tion (fractional crystallization, fractional 
absor tion, etc.), analysis of mixtures 
(areal, counting, etc.); study of poly- 
morphism, determination of tempera- 
ture-composition diagrams. 

Chapter IV outlines some applications 
of fusion methods to special problems: 
kinetics of crystal growth, thermal sta- 
bility of decomposable compounds, study 
of pour-point depressants in lubricating 
oil, recrystallization and grain growth. 

The book is written in a discussion style 
—not as laboratory directions. It is a 
worthwhile outline and reference for 4 
person working on identifications on 4 
microscopic scale. 


CARL E. OTTO 


UNIVERSITY OF MAINE 
Orono, MAINE 


QUANTUM CHEMISTRY: AN 
INTRODUCTION 


Walter Kauzmann, Princeton University. 
Academic Press, Inc., New York, 1957. 
xii + 744 pp. Many figures and tables. 
16 X 23.5cm. $12. 

Tuis is an important book. Its range 
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YOUR ONE 
EFFICIENT 


SOURCE FOR 


e REAGENTS 


Amend maintains complete stocks 
of your favorite brand reagents, or- 
ganic and inorganic chemicals. 


WE ARE AUTHORIZED DISTRIBUTORS FOR: 


Eastman Organic Chemicals 
Matheson Coleman & Bell 

National Aniline Dyes 

Difco Laboratories Culture Media 
Nutritional Biochemicals Corporation 
Hartman-Leddon Co.—Preparations 
G. Frederick Smith Chemical Co. 
Pfanstieh! Chemical Co. 


@ UNUSUAL CHEMICALS 


Our comprehensive list of rare and 
unusual chemicals and a well estab- 
lished reputation make Amend your 
preferred source for chemical special- 
ties. This infinite variety of chemi- 
cals enables Amend to service all 
your chemical needs promptly and 
economically. 


SAVING TIME & MONEY 


Being able to order all chemicals 
from a single source (even on a 
single requisition if you wish) re- 
sults in considerable savings of time 
and money. 

Experienced personnel in all depart- 
ments under the supervision of six 
key men with a total service record 
of over 200 years of chemical ex- 
perience, enables them tounderstand 
your requirements and to fill your 
orders intelligently. 


AMEND CATALOG 


Our catalog No. 54-C contains the 
most complete listing of chemicals, 
solutions, preparations, etc. and 
gives you all the essential, up-to- 
date information. Saves hours of 
searching and makes ordering easy. 
Please use your firm or institution 
letterhead for requesting a free copy. 


FOR COMPLETE SERVICE, SPECIFY 


AMEND 


DRUG & CHEMICAL CO., INC. 
, 117-119 East 24th St., New York 10, N. Y. 


First source for all your chemical needs 


is BOTTLE-POURING 
STILL IN VOGUE IN YOUR LABORATORY? 


ELIMINATE Losses, Contamination, Unwieldiness, 
Guesswork and Other Hazards with the 


CORINTH FLUID DISPENSER* 


Now in Use in Leading Laboratories and Dispensaries 


% Quick, easy to use . . . operates at touch of fingertip 
or container! 


% Sterile ... sanitary ... absolutely no contact of 
liquids with metal! 


Accurate . .. positive delivery control to the drop! 
% Universal . . . suitable for use with all liquids! 


% Unrestricted capacity ... a single drop ... an ounce 
... a quart! 


No bottle drip . . . no finger burns . . . no table-top 
corrosion! 


No back-and-forth pouring ...no vapor escape... 
no waste! 


Affixes to any shelf or suitable flat surface. Recom- 
mended for use with bottom-tubulated aspirator bottles 
or with siphon feed from standard containers and stor- 
age carboys. 

L-9500 CORINTH Finger-Tip FLUID DISPENSER 

complete with Pyrex Brand Glass nozzle, vial 

shield and Tygon R-3603 delivery tubing 


ASPIRATOR BOTTLES and DELIVERY TUBING for every 
purpose available. Write for prices. 


*Patent pending 
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Here’s why 


MC&B Distributors 


offer faster 
delivery on 


4000 Lab chemicals 


A complete stock of over 4,000 
MC&B chemicals is constantly 
maintained in our Cincinnati 
Plant and New Jersey warehouse, 
available for same day shipment 
to all MC&B distributors. Over 
5 miles of stock on shelves! Be- 
cause we’re never “out-of-stock,” 
our distributors can offer unusu- 
ally prompt delivery on practi- 
cally all of the chemicals used in 
laboratory work. For fast, de- 
pendable service, call your MC&B 
distributor. 


Matheson Coleman & Bell 


Division of the Matheson Company, Inc. 
Norwood (Cincinnati), Ohio; East Rutherford, N. J. 


Recent Sooke 


of topics and its penetrating and 
penetrable exposition will serve to mak« a 
place for it in the graduate and _post- 
graduate quantum mechanical education 
of many chemists. For it is primarily a 
chemist’s book, in its special subservience 
to the average chemist’s mathematical 
deficiencies and in its perspective and 
subject matter. The characteristic feature 
of the book is the understanding of the 
subject which a student can acquire by 
its use, rather than a knowledge of how 
to use the methods described in it. In 
this sense it can be described as a thought- 
ful and expansive complement to the 
more formal textbooks on the subject, 
particularly “Quantum Chemistry’’ by 
Eyring, Walter, and Kimball. 

The book is divided into five parts: 
Part I, Mathematical Background, in- 
cludes a section on basic concepts and 
sections on classical vibration theory; 
Part II, General Principles of Quantum 
Mechanics; Part III, Atomic Systems; 
Part IV, Molecular Systems; Part V, 
Systems in Non-Stationary States. 
Throughout the text appear exercises for 
the student (no solutions or answers). 
At the end of each of the 16 chapters are 
given both specific references cited and a 
section on general references. The 
appendix consists of two pages of numeri- 
cal tables plus a summary of hydrogen 
atom wave functions. 

The mathematical treatment is care- 
fully and thoroughly developed, making 
the book unusually lucid and tractable. 
Moreover, it is a thoughtfully written 
book, and one well suited for self-study of 
the subject. The author asks questions, 
then answers them, or discusses what type 
of answer is feasible. The discussions 
include critical evaluations of each aspect 
and application of the mathematical 
theory including careful examination of 
the approximations involved. Deserving 
special mention are the very thorough 
development of classical vibration theory 
and classical perturbation theory, and 
the featured presentation of the eigen- 
value problem in the language of Sturm- 
Liouville theory. 

A splendid example of the contribu- 
tion which this text makes is Chapter 8, 
Angular Momentum in Quantum 
Mechanics. The author gives a ‘de 
formalized and extremely clear exposition, 
full of physical insight and interpretation. 
The discussions of the meaning of com- 
mutability of angular momentum operators 
are particularly valuable. 

A significant omission is the develop- 
ment of classical mechanics in Lagrangian 
and Hamiltonian form. The author's 
emphasis on Sturm-Liouville language for 
the eigenvalue problem and the conse 
quent generalization of the latter, defers 
explicit formulation and use of the 
classical Hamiltonian until the glancing 
reference on page 159 when the  juan- 
tum-mechanical Hamiltonian operaior 
introduced. The reviewers feel that 
this omission will present difficulties of 
full comprehension for the new student 
of quantum mechanics, and it is some 
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Barnstead Model MM-1 
Water Demineralizer 


of pure water per hour 
—with average purity 
over 1,000,000 Ohms 


Barnstead Model MM-1 features: 
1, Capacities from 30 to 100 gallons 
per hour. 2. Average purity over 
1,000,000 ohms. 3. Stainless steel 
cabinet with polyvinyl chloride piping 
and valves. 4. Complete with re- 
generant system and p.v.c. lined 
tanks. 5. Flow meter, pressure 
gage, purity meter. Phone repre- 
sentative nearest you or write for 
catalogs. 


BOSTON 
JAmaica ngsbridge 
4-3100 8-1557 66622 
CHICAGO PHILADELPHIA LOS ANGELES 
Financial LOcust RYan 
6-0588 8-1796 1-9373 
JOHNSON CITY SAN FRANCISCO CHATTANOOGA 
3113 6-5863 


CO Catalog “G’’-Barnstead Water Stills 
Catalog 127-Barnstead Demineralizers 
Bulletin 141-MF Submicron Filter 


Stitt & HEMIVERAL ER CO. 


19 Lanesville Terrace 
Boston 31, Mass. 


produces up to 100 Gals. 
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what inappropriate when one considers 
the importance of the role of the Hamil- 
tonian in quantum chemistry. 

A second topic which gets disappointing 
treatment is that of group theory. It is 
unfortunate that there is no single place 
in the book where group theory is given a 
general and rounded development. The 
author makes considerable use of group 
theory in the book but in a way which 
shows how useful the subject can be 
rather than how to use it in general. On 
the other hand, the author gives a com- 
mendable emphasis to the role of sym- 
metry operators as operators that com- 
mute with the Hamiltonian. 

Topics given more extensive treatment 
than found in similar textbooks are the 
classical electron theory of optics (90 
pages, including 19 pages on classical 
optical rotation) and the fairly extensive 
and detailed account of the electronic 
structure and spectra of polyatomic 
molecules. The latter topic is given a 
treatment, which—although it is, un- 
derstandably, not up to date, in this 
most active field of quantum chemistry— 
is nevertheless more detailed and current 
than any other account save the journal 
literature. Topics of current interest 
also included, however briefly, are nuclear 
quadrupole coupling and hybrid character 
of orbitals, chemical shits in nuclear 


magnetic resonance, electron  trans‘er 
spectra, internal conversion in molecules, 
and the quantum mechanical theory of 
optical rotation (20 pages). 

Topics which the author omitted ‘or 
want of space include the crystalline 
state, nuclear phenomena, quantum sta‘ is- 
tics, and molecular vibrations. It seems 
strange to find practically no mention of 
infrared and Raman vibrational spectros- 
copy in the book. Notable omissi:ns 
within the framework of topics trea’ed 
by the author are overlap integrals as a 
criterion of bond strength, spin-orb'tal 
coupling in molecules, polarization of 
electronic transitions, and the theory of 
intermolecular energy transfer. 

On the whole, this textbook seems wel] 
suited for consideration for the teachiny of 
a graduate course in quantum chemis'ry. 
To facilitate this use, there is on page viiia 
suggested course of study which will re- 
lieve the new student of the formidable 
impression the book imparts by virtue of 
its length of 744 pages and its thickness of 
almost two inches. One imagines that 
the use which individual copies of this 
book will receive will prove rather too 
much for the medium strength of binding 
provided. 

(This review was prepared during the 
period of a research contract between the 
Physics Branch, Office of Naval Re- 
search, and the Florida State University.) 


M. KASHA 
G. A. CROSBY 


Fiorina State UNIVERSITY 
TALLAHASSEE, FLORIDA 


SIZE 


First choice for washing and soaking pipets . . . glassware! 


Dim. 
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Nominal 


No. in 
Case 12 12 6 6 6 6 


Each | 9.50] 10.50] 11.50} 13.50 | 17.50 | 20.50 


Discount: Less 10% in case lots. 
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PIPET JARS 
with NEW 
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of Nalgene* Polyethylene 
sharply reduces breakage and 
the new base design practically 
eliminates tipping accidents. 
New non-tip base 

is molded into jar (not welded) 
and assures steadier, longer life 
with perfect bond. 

NALGENE PIPET JARS 

come in standard sizes 

as listed below; special 
lengths made on order. 


Ask your dealer for catalog E-956 


*Brand Name for Nalge Polyethylene ware. 
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HIGH SCHOOL TEXTS 


Dutt, Cuartes E., Brooks, O., and Mertca.re, H. 
CiaRK. Modern Chemistry. 1954 598 pp $4.08 Henry 
Holt & Co., Inc. (#1) 

Dutt, E., Brooks, O. and Mercatrs, H. 
CiarK. Modern Chemistry Workbook. (Teachers edition) 
1954 360 pp $1.84 Henry Holt & Co., Inc. (#2) 

Hoae, Joun C., ALLEY, Epwarp, and BicKEeL, L. 


Chemistry: A Basic Science. 4th Edition 1957 812 pp 
$4.68 D. Van Nostrand ree Ine. (#3) 
Lanrorp, Oscar E. Using Chemistry. 1955 648 pp $4.56 


McGraw-Hill. 
OsouRN, Eittsworts §8., Hetss, ELwoop D., and MontTGoMERY, 
Gaytorp C. Science in Everday Life. 2nd Edition (in prepa- 
ration) D. Van Nostrand Company, Inc. (#5) 
Weaver, Evsert C. and Foster, Laurence 8. Chemistry for 
Our Times. 2nd Edition 1954 666 pp $4.64 McGraw-Hill. 


(#6) 


SURVEY 


BawpEeN, ArtuuR T. Man’s Physical Universe. 4th Edition 
1957 840 pp $6.25 The Macmillan Company. (#7) 
BawpEN, ArTtHUR T. Matter and Energy. 1957 434 pp $5.75 
Henry Holt & Co., Inc. (#8) 
Brooks, WILLIAM O. and Tracy, GEorGE R. Modern Physical 
Science. 1957 $4.48 Henry Holt & Co., Inc. (#9) 
Brooks, O. and Tracy, GeorGE R. Modern Physical 
Workbook. 1952 187 pp $1.52 Henry Holt seat 
ne. #10 
Cueronis, N. D., Parsons, J. B. and Ronnepere, C. E. A 
Study of the Physical World. 1950 907 pp $6.50 Houghton 
Mifflin Co. (#11) 
Gappum, L. W. and Know gs, H. L. Our Physical Environ- 
ment. 1953 625 pp $5.75 Houghton Mifflin Co. (#12) 
Krauskopr, Konrap B. Fundamentals of Physical Science. 
3rd Edition 1955 694 pp $6.25 McGraw-Hill. (#13) 
McCorkLE, Paut. The Physical World. 2nd Edition 
465 pp $5.75 McGraw-Hill. (#14) 
McCus, J. J. G. and SHerRK, KENNETH W. The World of Atoms 
—An Introduction to Physical Science. 1956 659 pp $6.50 
Ronald Press Co. (#15) 
Post., ANTON. Laboratory Experiments in the Physical Sciences. 
1956 99 pp $3.00 Burgess Publishing Company. (#16) 
Routu, JoserpH I. Fundamentals of Inorganic, Organic and 
Biologic Chemistry. 3rd Edition 1954 418 pp $4.00 W. B. 
Saunders Co. (#17) 
Swenson, H. N. and Woops, J. E. Physical Science. 1956 
333 pe $6.50 John Wiley & Sons, Inc. (#18) 
Warr, GeorcE W. and Hatcn, Lewis F. The Science of Chemis- 
try. 2nd Edition 1954 566 pp $6.00 McGraw-Hill. (#19) 


GENERAL CHEMISTRY 


Basor, Josepu A. Basic College Chemistry. 2nd Edition 1953 
766 pp $5.50 Thomas Y. Crowell Company (#20) 
BaBor, JosepH A. and Kremer, CuesTer B. How to Solve 
Problems in General Chemistry. 2nd Edition 1955 152 pp 
$1.50 Thomas Y. Crowell Company. (#21) 
Bazor, JosepH A. and LEHRMAN, ALEXANDER. General College 
Chemistry. 3rd Edition 1951 800 pp $6.00 Thomas Y. 
Crowell Company. (#22) 
ABOR, JosepH A. and LEHRMAN, ALEXANDER. [Introductory 
Coliege Chemistry. 2nd Edition 1950 814 pp $6.00 Thomas 
Y. Crowell Company. (#23) 
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Barker, J. W. and Griasog, Paut K. First Year College 


Chemistry. 1951 501 pp $6.00 McGraw-Hill. (#24) 
Benson, 8S. W. Chemical Calculations. 1952 217 pp $2.95 
John Wiley & Sons, Inc. (#25) 


Bogert, L. Jean. Fundamentals of Chemistry. 7th Edition 
1953 648 pp $4.50 W. B. Saunders Co. (#26) 

BrinkLEy, Stuart R. Principles of Genera! Chemistry. 4th 
Edition 1951 703 pp $6.50 The Macmillan Company. 


(#27) 
Briscog, H. T. College Chemistry. 4th Edition 1951 564 pp 
$6.00 Houghton Mifflin Co. (#28) 


Briscoz, H. T. General Chemistry for Colleges. 4th Edition 


1949 773 pp $6.50 Houghton Mifflin Co. (#29) 
Brooks, Stewart M. Basic Facts of General Chemistry. 1956 
375 pp $4.75 W. B. Saunders Co. (#30) 


CouRCcHAINE, ARMAND JOsEPH and Cowan, M. Corpe 
Editors. Chemistry Visualized and Applied. Revised Edition 
1957 704 pp $5.50 G. P. Putnam’s Sons. (#31) 

Craae, L. H. and Granam, R. P. An Introduction to the Prin- 
ciples of Chemistry. 1955 740 pp $6.50 Rinehart & Com- 


pany, Inc. (#32) 
DAMERELL, V.R. A Course in College Chemistry. 1952 587 pp 
$5.90 The Macmillan Company. (#33) 


Fevsine, A. and Watt, GEorGE W. General Chemistry. 
3rd Edition 1951 558 pp $6.00 McGraw-Hill. (#34) 
Francis, CHaRLoTTE A. and Morsg, Epna. Fundamentals of 
Chemistry and Application. 4th Edition 1956 543 pp $6.00 
The Macmillan Company. (#35) 
Frey, Paut R. Chemistry Problems and How to Solve Them. 
4th Edition 1953 163 pp $1.25 Paper bound Barnes & 
Noble, Inc. (#35-1) 
Frey, Paut R. College Chemistry. 1952 653 pp $6.75 Pren- 
tice-Hall, Inc. (#36) 
GarRETT, ALFRED B., Haskins, JosepuH F. and Sister, Harry H. 
Essentials of Chemistry. .1955 570 pp $5.75 Ginn and Com- 
pany. (#37) 
GoostrRAY, STELLA and ScHWENCK, J. Raz. A Textbook of Chem- 
istry: Applied to the Field of Nursing. 7th Edition 1954 
426 pp $4.75 The Macmillan Company. ( #38) 
Haeniscn, E. L. and Quam, G. N. Basic General Chemistry in 
Outline Form. 1953 290 pp $4.00 Burgess Publishing Com- 
pany. (#39) 
Herep, H. and NeEBERGALL, H. Basic 
Laboratory Studies in College Chemistry. 1957 216 pp $3.00 
D. C. Heath and Company. ) 
HILDEBRAND, JOEL H. and Powe Ricnarp E. Principles of 
Chemistry. 6th Edition 1952 444 pp $5.00 The Macmillan 
Company. (#41) 
HILDEBRAND, JoEL H. and Powe Ricnarp E. Principles of 
Chemistry. 6th Edition 1952 625 pp $8.00 combined with 
Latimer-Hildebrand Reference Book of Inorganic Chemistry 


The Macmillan Company. (#42) 
Hotmes, Harry N. General Chemistry. 5th Edition 1949 
708 pp $6.50 The Macmillan Company. (#43) 


Houmes, Harry N. Introductory College Chemistry. 5th Edition 
1951 594 pp $6.00 The Macmillan Company. (#44) 
Hopkins, B. Smita and Barar, Joun General Chemistry 
for Colleges. 5th Edition 711 pp 1956 $6.75 D.C. Heath 
and Company. (#45) 
Kina, G. Brooxs and CALDWELL, WiLut1AM E. The Fundamen- 
tals of College Chemistry. 2nd Edition 1954 598 pp $5.00 
American Book Company. (#46) 
Kina, G. Brooks and Catpwe.., E. Laboratory Ex- 
periments in General Chemistry. 1956 324 pp $3.25 Ameri- 
can Book Company. (#47) 


Latimer, WENDELL M. and HitpEBRAND, JoeEL H. Reference 
Book of Inorganic Chemistry. 3rd Edition 1951 625 pp $5.50 
The Macmillan Company. (#48) 


A417 


» 
‘ 

re! : 
7 
> 
6 

wore. 

oO RK 

MARE! 


1957 


Paul Delahay, Louisiana State University 
INSTRUMENTAL ANALYSIS 


Covering three groups of instrumental techniques — (1) electro- 
chemical (the author won an award from the American Chemical 
{ Society for his fundamental contributions in electrochemical 
i methods), (2) spectroscopic, and (3) such miscellaneous methods 
as X-ray, mass spectrometry and radioactivity, this text for graduate 
or undergraduate courses has more than 50 experiments in 23 groups. 
1957 384 pp. $7.90 


Robert Livingston, University of Minnesota 
PHYSICO-CHEMICAL EXPERIMENTS, Third Edition 


In this new edition, four new experiments have been added: (1) a 
spectrophotometric study of colored solutions, (2) measurement of 
radioactivity with a geiger counter, (3) measurement of the dielec- 
tric constant of solutions and the determination of the dipole moment 
of the solute, and (4) the determination of transference numbers 
by the moving boundary method. Summer 1957 


Luke Steiner & J. A. Campbell, both of Obertin College 
GENERAL CHEMISTRY 


a “Of the many new texts of general chemistry that have appeared 
te since World War II, only a few can be called exceptional in character. 

- This volume definitely is in that category. It should be on the study 
desk of every teacher of general chemistry to show that new 
approaches to the teaching of general chemistry are possible.’”’ — 
j Conrad E. Ronneberg in the Journal of Chemical Education 


. 1955 673 pp. $6.50 
with 
if LABORATORY EXPERIMENTS IN GENERAL CHEMISTRY 

1955 216 pp. $3.00 


Carl F. Prutton, 


Food Machinery and Chemical Corporation, and 
Samuel H. Maron, Case Institute of Technology 


FUNDAMENTAL PRINCIPLES 
OF PHYSICAL CHEMISTRY, Third Edition 


New in the third edition: an added number of problems (making 
634 in all), new illustrations, and a complete revision and expansion 
of the section on thermodynamics. Coming Spring 1958 
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LAUBENGAYER, ALBERT W. General Chemi. 2nd Edition 
Revised 1957 602 pp $6.50 Rinehart & Company, yr ) 
249 


Lewis, JoHN R. First Year College Chemistry. 7th Edition 

1951 365 pp $1.75 Paper bound Barnes & nae “ey 
#49-1 

LupER, W1LL1AM F., Vernon, ArTuur A. and ZuFFANTI, SAVERIO 
General Chemistry. 1953 595 pp $6.00 W. B. ar 3 
#50 

Mack, Epwarp, Jr., GARRETT, ALFRED B., yee JOSEPH F. 


and VERHOEK, Frank H. Textbook” Chemistry. 2nd 
Edition 1956 854 pP $6.50 Ginn ae ompan (#51) 
Mam, Lioyp E. and Frantz, HarPer W. Coll Chemistry in in 
— atory. No.2 1954 368 pp $3.30 . H. Free —_ 
0. #52 
MarxuaM, E. C. and Smita, SHERMAN. General Chemistry. 
1954 613 pp $6.25 Houghton Mifflin Co. (#53) 
Meyer, H. Chemistry. 532 pp $5.50 
The Macmillan Com (#54) 


Muster, C., Cuartes S. and CAMPAIGNE, 
Ernest E. Introduction to Chemistry. 1957 448 pp $6.75 
Prentice-Hall, Inc. (#55) 

MyYsELs, J. and Cuarues 8. Introduction to 
the Sctence of Chemistry. 1952 521pp $5.25 Ginn and tase) 
pany. 56 

NEBERGALL, WiLL1AM H. and Scumipt, Freperic C. College 
Chemistry. 1957 800 pp $6.75 D.C. Heath and seme 

(#57) 

Nitz, Orro W. Introductory Chemisiry. 1956 528 pp $5.75 
D. Van Nostrand, Inc. #58) 

Parks, LyTLE and STEINBACH, Warren H. Systematic College 
Chemistry. 1952 692 pp $6.50 McGraw-Hill. (#59) 

PavLinG, Linus. College Chemistry. 2nd Edition 1955 697 pp 

$6.50 W. H. Freeman & Co. (#60 

Pautinc, Linus. General Chemistry. 2nd Edition 1953 
722 pp $6.50 W. H. Freeman & Co. (#61) 

Ritrer, H. L. Iniroduction to Chemistry. 1955 649 pp $6.50 
John Wiley & Sons, Inc. (#62 

Rocnow, E. G. and Winson, M. K. General Chemistry. 1954 

pp $6.50 John Wiley & Sons, Inc. (#63 

Routu, JosEPHI. 20th Century Chemistry. 1953 564 pp $5.75 
W. B. Saunders Co. #64 

SanDERSON, R. T. Introduction to Chemistry. 1954 542 pp 
$5.50 John Wiley & Sons, Inc. (#65) 

ScaRLETT, ANDREW J. College Chemistry. 1956 499 pp $6.00 
Henry Holt & Co., Inc. (#66) 

ScARLETT, ANDREW J. and GomeEz-IBANEz, Jose. General Col- 
lege Chemistry. 5th Edition 1954 623 pp $6.95 Henry 
Holt & Co., Inc. (#67) 
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QUALITATIVE TESTING AND INORGANIC CHEMISTRY 


By Joseph Nordmann, Pacific Chemical Consultants, Van Nuys, Calif. Presents the subject not as an isolat.d 
factual body but as a relative of many scientific areas. Ties together the topics of modern inorganic chemistr ’, 
chemistry of the metals, elaboration of equilibrium systems, and the qualitative testing of selected cations aid 
anions. 1957. Approx. 536 pages. Prob. $6.50 


A BASIC LABORATORY COURSE IN COLLEGE CHEMISTRY, 2nd Ed. 


By J. F. Hazel, University of Pennsylvania. Includes mew, diversified experiments designed to stimulate studcat 
interest in basic college chemistry. Both semi-micro and semi-macro procedures are emphasized. 1957. 


Approx. 240 pages. Prob. $3.95. 


INDUSTRIAL CHEMICALS, 2nd Ed. 


By W. L. Faith, Air Pollution Foundation; D. B. Keyes, Arthur D. Little, Inc.; and R. L. Clark, Vick Chemical 
Company. Expanded and revised to include new apes on 35 chemicals not formerly included. Only single 
volume listing the important economic and technical factors concerned in the production of major industrial 
chemicals. 1957. Approx. 850 pages. Prob. $16.00. 


INTRODUCTION TO PROTEIN CHEMISTRY 
By S. W. Fox, Florida State University, and J. F. Foster, Purdue University. An orderly, balanced treatment of 
the entire subject, plus a survey of the important underlying subjects of amino acid and peptide chemistry. 1957. 
Approx. 448 pages. Prob. $9.50. 


BIOCHEMICAL PREPARATIONS, Vol. V 


Editor-in-Chief: David Shemin, Columbia University. Like the previous volumes in the series, Volume V 
presents accurate information on the preparation of substances used in biochemical research. Twenty preparations 
are included. 1957. Approx. 128 pages. Prob. $4.75. 


FREE RADICALS IN SOLUTION 


By Cheves Walling, Professor of Chemistry, Columbia University. Offers a complete, modern survey of the 
whole field of organic free radicals in solution. Develops the theory of radical reactions and then applies this 
unified picture to all the important types of radical reactions. 1957. 631 pages. Prob. $14.50. 


By Lewis F. Hatch, Enjay Laboratories. Gives a complete review of the oxo reaction, with special emphasis on 
patent literature. Both the theoretical-and industrial aspects of the oxo process are stressed. 1957. Approx. 
128 pages. Prob. $4.50. 


ORGANIC SYNTHESES, Vol. 37 


Editor-in-Chief: James Cason, University of California, Berkeley. Dealing with 32 new syntheses, this latest 
volume in the well-known annual series brings ones the work of 53 contributors. Every reaction discussed has 
been carefully checked and tested for accuracy by leading chemists. 1957. Approx. 118 pages. Prob. $4.00. 


TRACE ANALYSIS 


Edited by John H. Yoe, University of Virginia, and Henry J. Koch, Jr., University of Texas. Papers pres-nted 
at a Symposium on Trace Analysis held at the New York Academy of Medicine. 1957. Approx. 686 pages 
Prob. $11.00. 


Send for examination copies. 


JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N. Y. 
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THE CHEMISTRY OF THE ACTINIDE ELEMENTS 


By Joseph J. Katz, Argonne National Laboratory, and Glenn T. Seaborg, University of California, Berkeley. 
Presents the sbamunt and theoretical aspects of the chemistry of the heaviest elements, pointing out gaps in 
our present knowledge of this general field, and providing a background for future developments in inorganic 
chemistry. 1957. In press. . 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS, 4th Ed. 


By G. L. Jenkins, Purdue University; W. H. Hartung, Medical College of Virginia; K. E. Hamlin, Jr., Abbort 
Laboratories; and J. B. Data, Purdue University. Completely revised, with emphasis on the relationship between 
chemical structure and physical properties and physiological activity. Much new material included. 1957. 
569 pages. Prob. $10.00. 


SOLVENT EXTRACTION IN ANALYTICAL CHEMISTRY 


By George H. Morrison, Sylvania Electric Products, Inc., and Henry Freiser, University of Pittsburgh. Pro- 
vides a comprehensive treatment of solvent extraction in the light of modern theory and practice. Aspects such as 
formation of metal complexes, distribution of extractable species, and chemical interactions in the organic phase 
are dealt with in detail. 1957. 269 pages. $6.75. 


By Robert W. Cowgill, University of Colorado School of Medicine, and Arthur B. Pardee, University of Cali- 
fornia, Berkeley. Includes material on radioisotope techniques, electrophoresis, paper chromatography, gas 
chromatography, and enzyme biochemistry. Each experiment is written to emphasize the underlying principles 
of biochemistry, as well as to give training in the pnt “at 1957. 189 pages. $3.50. 


THERMODYNAMICS FOR CHEMICAL ENGINEERS, 2nd Ed. 


By Harold C. Weber and Herman P. Meissner, both of The Massachusetts Institute of Technology. Like its 
predecessor, this text covers thermodynamics from the viewpoint of both the engineer and the chemist. New 


edition includes an expanded treatment of fluid flow and a fall complement of illustrative examples with solutions. 
1957. 507 pages. Prob. $8.00. 


BACTERIAL FERMENTATIONS 


By H. A. Barker, University of California, Berkeley. Based on the CIBA lectures in Microbiol Biochemistry. 
Fully examines many aspects of three different types of fermentations (methane, butyric acid-butanol, and nitrog- 
enous compounds). 1957. Approx 104 pages. Prob. $3.00. 


QUANTITATIVE ORGANIC ANALYSIS 


By James S. Fritz and George S. Hammond, both at Iowa State College. Stresses the fundamental principles 
involved and the invention of new analytical methods to meet new situations. The merits of the various 
approaches are carefully weighed, with attention giverrto their scope and limitations: 1957. 303 pages. $6.50. 


A GUIDE TO THE LITERATURE OF CHEMISTRY, 2nd Ed. 


By E. J. Crane, The Chemical Abstracts Service; the late Austin M. Patterson; and Eleanor B. Marr, Hunter 
College. A comprehensive reference book showing how, when, and where to obtain needed chemical information. 
Second edition has been completely revised and expanded. 1957. 397 pages. $9.50. 


ORGANIC REACTIONS, Vol. IX 


Editor-in-Chief: Roger Adams, University of Illinois. The latest volume in the series. Provides comprehen- 
sive surveys of particular reactions and includes a discussion of method, modifications, examples of age 4 
special precautions, a detailed description of the procedure, expected yields, and other pertinent data. 1957. 
468 pages. $12.00. 


Send for examination copies. 


JOHN WILEY & SONS, Inc., 440 Fourth Ave., New York 16, N. Y. 
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1956 250 pp $3.50 Henry Holt & Co., Inc. 
ScarRLetr, ANDREW J. and Gomez-IBaNeEz, JosE. General Col- 
lege Chemistry Manual. 5th Edition 1954 244 pp 
$3.25 Henry Holt & Co., Inc. (#115) 
Sister, Harry H. and Srewart, Jay J. A Systematic Labora- 
tory Course in General Chemistry. 1950 396 pp $3.15 The 


Macmillan Company. (#116) 
Timm, JoHN ARREND and Neat, Raymonp E. 

Exercises in General Chemistry. 2nd Edition 1956 234 pp 

$3.25 McGraw-Hill. (#117) 


Watt, George W. Laboratory Experiments in General Chem- 
istry and Qualitative Analysis. 2nd Edition 1951 227 pp 
$3.50 McGraw-Hill. (#118) 

Wart, GeorGce W. and Morean, L. O. Laboratory Experiments 
in General Chemistry and Semimicro Qualitative Analysis. ase, 
119 


227 pp $3.50 McGraw-Hill. 

Woon, Jesse H. and Smiru, T., Jr. Labor Manual 
for General College Chemistry. 1957 224pp $2.40 Harper & 
Brothers. (#120) 

ZuFFANTI, SAVERIO, VERNON, ARTHUR A. and LupER, WILLIAM 
F. A Manual for General Chemistry. 1955 310 pp 
$3.75 W. B. Saunders Co. (#121) 


ANALYTICAL CHEMISTRY 
(General) 


and Keyser, J. W. Colorimetric Analysis. 
(Volume 1: Determinations of Clinical and Biochemical 
Significance) 1st American Edition 1957 419 pp $9.00 The 
Macmillan Company. (#122) 

Bretcuer, Ronatp and Wiuson, Crecit L. New. Methods in 
Analytical Chemistry. 1955 300 pp $6.00 Reinhold Pub- 


lishing Corp. (#123) 
Be.tuamy, L. J. Infra-Red Spectra of Complex Molecules. 1954 
$7.50 John Wiley & Sons, Inc. (#124) 


323 p 
BERL, W. G., Eprror. Physical Methods in Chemical Analysis. 
Volume III 1956 652 pp $15.00 Academic Press. (#125) 


Birren, Frank M. and SeAMAN, Modern Instru- 
ments in Chemical Analysis. 333 pp $7.50 i 
#126 


Rosert C. and Barrett, Freperick C. Practical 
Chromatography. 1953 128 pp $5.00 Reinhold Publishing 
Corp. (#127) 

Capiz, R. D. Particle Size Determination (Interscience Manual 
No. 7) 1955 318 pp $5.50 Interscience Publishers. (#128) 

1955 CoMMITTEE ON ANALYTICAL REAGENTS, Staff of Analytical 
Chemistry, Editors. Reagent Chemicals. 1955 441 pp $6.50 
American Chemical Society. (#129) 

CraMER, FriepricH and Ricwarps, Paper Chroma- 
tography. 1954 124 pp $5.00 St. Martin’s Press, Inc. 


(#130) 

Deuanay, Paut. Instrumental Analysis. 1957 396 pp $7.90 
The Macmillan Company. (#131) 
Desty, D. H., Editor. Vapour Phase Chromatography. Pro- 
ceedings of the Symposium sponsored by the Hydrocarbon 
Research Group of the Institute of Petroleum held at the In- 
stitution of Electrical Engineers, London, May 30-June 1, 


1956. 1957 436 pp $12.00 Academic Press, Inc. (#132) 
Duvat, C. Inorganic Thermogravimetric Analysis. 1953 532 
pp $12.25 D. Van Nostrand Company, Inc. (#133) 


Ewine, GaLten W. Instrumental Methods of Chemical Analysis. 
1954 434 pp $6.50 McGraw-Hill. (#134) 
Feret, F. Spot Tests. (Volume I—Inorganic Applications) 
Edition 1954 518 pp $8.25 D. Van Nostran 
ne. #135 
Feicit F. Spot Tests in Organic Analysis. (Formerly Volume 
II) 5th edition 1954 436 pp $11.00 D. Van Nostrand 
Company, Inc. (#136) 
Frrepet, R. A. and Orcuin, M. Ultraviolet Spectra of Aromatic 
Compounds. 1951 708 pp $14.50 John Wiley & Sons, Inc. 
(#137) 

Gotp, V. pH Measurements. 1956 125 pp $2.25 John Wiley 
& Sons, Inc. (#138) 
Gunter, Francis A. and BLINN, Chemical Analysis. 
Volume VI—Analysis of Insecticides and Acaricides 1955 
708 pp $14.00 Interscience Publishers, Inc. (#139) 
Hamitton, Leicester F. and Simpson, G. Calcula- 
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Harey, J. H. and Wiserzey, S. E. Instrumental Analysis. 
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Hartsuorne, N. H. and Stuart, A. Crystals and the Polarizing 
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HILLeBranp, W. F. and G. E. Applied Inorganic 
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Keer, M. T. and Smauzes, A. A., Editors. Analytical Chem- 
Volume I 1957 


istry. (Progress Nuclear Energy Series IX) 
On press Pergamon Press, Inc. (#144) 
Kevuteman, A. I. M. Gas Chromatography. 1957 238 p) 
$7.50 Reinhold (#145) 
Kirx, P. L. Quantitative Ultramicroanalysis. 1950 310 pp 
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Kotrtuorr, I. M. and Stenger, V. A. Volumetric Analysis. 
Volume I—Theoretical Fundamentals 2nd Edition 1942 
323 pp $4.50 Interscience Publishers, Inc. (#148) 


Ko.ruorr, I. M. and Srencer, V. A. Volumetric Analysis. 
Volume II—Titration Methods: Acid-Base, Precipitation and 
Complex-Formation Reactions 2nd Edition Revised and 
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Koutuorr, I. M. and Srencer, V. A. Volumetric Analysis. 
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science Publishers, Inc. (#150) 

LepEerER, M. Introduction to Paper Electrophoresis and Relat:d 
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LEDERER, Epc., and Leperer, M. Chromatography. 2nd 
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ook Publishers, Inc. (#154) 

MerTes, Louis. Polarographic Techniques. 1955 332 pp 

$6.00 Interscience Publishers, Inc. (#155) 
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Inc. (#156) 

MircHELL, Jr., Kouruorr, I. M., Proskauer, E. S. and 
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Principles and Practice of Spectro- 


Mier, G. W. C. 


NAcHTRIEB, Norman H. 


chemical Analysis. 1950 324 pp $7.00 worcaag” 
#161 
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Ulira-Violet Light. 4th Edition 1954 475 pp $12.50 
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RANDALL, Harrison M., Fow.er, Ricuarp G., Fuson, NELSON 


and Danet, Rosert. Infrared Determination of Organic 
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Samuetson, R. D. Jon Exchanges in Analytic Chemistry. 1953 
291 pp $7.00 John Wiley & Sons, Inc. (#166) 
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Tue NEW EDITION OF THIS POPULAR TEXT OFFERS A 
thorough treatment of fundamental principles and 
provides a well-rounded background for future work 
in chemistry. 

To be published in January... TENTATIVE CONTENTS: (Partial) The Physical States 
of Matter—Part I: The Gaseous State. Part II: Liquids and 
Solids. The Structure of Matter. Bonding Between Atoms. 


COLLEGE CHEMISTRY 9nd Edition Hydrogen. Some Fundamental Quantitative Relationships 

a k alogens: e VIIA Group. he Sulfur Family: The VIA 

by PAUL FREY, Colorado State University Group. The Nitrogen Family: The VA Group. Electro- 

chemistry. Metallurgy. Organic Chemistry. Fuels and 

Flames. Explosives. Polymers. The Colloidal State. The 

Alkaline-Earth Metals: The IIA Group. The Alkali Metals: 
The IA Group. Nuclear Chemistry. 

Pub. January 1958 approx. 700 pp. 6” x 9” 


Price to be announced 


l. DEALING WITH TWO MAIN AREAS OF ORGANIC 
Chemistry, aliphatic compounds and aromatic com- 
pounds, the author discusses each type of compound 
in terms of its electronic structure, and gives full 
attention to the physical and chemical properties 
deriving from that structure. 

PARTIAL CONTENTS: a.ipHatic compounps: The Al- 

ORGANIC CHEMISTRY Qnd Edi , kanes or Paraffinic Hydrocarbons. Unsaturated Hydrocar- 

, #n ition bons: The Alkenes or Olefinic Hydrocarbons, The Alkynes or 
Acetylenes. Alcohols. Ethers. Aldehydes and Ketones. 
by RAY Q. BREWSTER, University of Kansas Monocarboxylic Acids. Acid Derivatives I: Acid Halides, 

Anhydrides and Amides, Esters and Related Compounds. 

Sulfur Compounds. Dicarboxylic Acids. Optical Isomerism, 


Halogenated Acids, and Hydroxy Acids. AROMATIC COM- 
POUNDS. 


Pub. 1953 855 pp. 6”x9” Text price $7.75 


Tine EMPHASIS IN THIS TEXT IS ON A THOROUGH 
understanding of organic synthesis. Numerous 
problems are devoted to multi-step syntheses. 
PARTIAL CONTENTS: BASIC PRINCIPLES APPLIED TO 

Essential Principles of ALIPHATIC COMPOUNDS: Ethyl Alcohol, A Representative 


Organic Compound. Concerning the Nature of Chemical 


ORG ANIC CHE MISTRY Bonds. Alcohols as a Class of Organic Bonds. Alkanes, The 
ture. The Alkenes: Introduction to Multi-Step Syntheses. 

by JAMES CASON, University of California Concerning Mechanisms of Organic Reactions. Carboxylic 
Acids. Resonance and Hydrogen Bonding. Acid Chlorides, 
Anhydrides, Amides, and Nitriles. Aldehydes and Ketones. 
Stereoisomerism. AROMATIC COMPOUNDS, CARBOCYCLIC AND 
HETEROCYCLIC SPECIAL TOPICS. 

Pub. 1956 530 pages 834” x 5%” Text price $7.00 


Devorinc THE FIRST SIX CHAPTERS TO CHEMICAL 
Thermodynamics and its applications, the author 
gives the student a foundation of experimental ma- 
terial before introducing specialized atomic theories. 
CONTENTS: Description of Physico-chemical Systems. 


PHYSICAL CHEMISTRY Qnd Editi First Law of Thermodynamics. Second Law of Thermo- 

, ition dynamics. thermodynamics and Chemical Equilibrium. 

Changes of State. utions and Phase Equilibria. Kinetic 

by WALTER J. MOORE, Indiana University Theory. Structure of the Atom. Nuclear Chemistry and 

Physics. Particles and Waves. Structure of Molecules. 

Chemical Statistics. Crystals. Liquids. Electrochemistry. 

Surface Chemistry. Chemical Kinetics. Photochemistry 
and Radiation Chemistry. 

Pub. 1955 633 pages 6” x 9” 


Text price $7.50 


To receive approval copies promptly, write Box 903 


b PRENTICE-HALL, Inc. 
Englewood Cliffs, New Jersey 
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WaGneEr, Wa.TsER et al. Advanced Analytical Chemistry. 1956 


288 pp $6.00 Reinhold Publishing Corp. (#175) 
Watton, Harotp. Principles and Methods of Chemical Analysis. 
1952 435 pp $8.65 Prentice-Hall, Inc. (#176) 


WE Frank. Organic Analytical Reagents. In four vol- 
umes (Volume I) 1947 442 pp $10.25 Set $38.50 D. Van 
Nostrand Company, Inc. (#177) 

WeELcHER, FRANK. Organic Analytical Reagents. In four 
volumes (Volume II) 1947 530 pp $10.25 Set $38.50 D. 
Van Nostrand Company, Inc. (#178) 

WeELcHER, FRANK. Organic Analytical Reagents. In four 
volumes (Volume III) 1947 593 pp $10.25 Set $38.50 
D. Van Nostrand Company, Inc. (#179) 

Wetcuer, Frank. Organic Analytical Reagents. In four 
volumes (Volume IV) 1948 530 pp $10.25 Set $38.50 
D. Van Nostrand Company, Inc. (#180) 

Hospart H., Merritt, Lynne L., Jr. and Dran, 
Joun A. Instrumental Methods of Analysis. 3rd Edition 
(in preparation) D. Van Nostrand Company, Inc. (#181) 

Yor and Kocu. Trace Analysis. Nov. 1957 Prob. 686 pp 
Approx. $11.00 John Wiley & Sons, Inc. (#182) 


QUALITATIVE 


ArtTHuR, Paut and Smiru, Orro M. Semimicro Qualitative 
Analysis. 3rd Edition. 1952 285 pp $4.25 wae 
#183 
Basor, A. and MacAtpine, J. Kenneta W. How to 
Solve Problems in Qualitative Analysis. 1943 93 pp $1.25 
Thomas Y. Crowell Company. (#184) 
Barser, Hervey Huspparp and Tayior, T. Ivan Semimicro 
Qualitative Analysis. Revised Edition 1953 404 pp $4.50 
Harper & Brothers. (4185) 
Be.cuer, J. E. and Witiiams, G. Y. A Course in Qualitative 
Analysis. 1938 265 pp $4.75 Houghton Mifflin “ai 
#186) 
CaLDWELL, E. and Kina, G. Brooks. A Brief Course 
in Semimicro Qualitative Analysis. 1953 181 pp $2.40 
American Book Company. (#187) 
Cornog, Jacos. Semimicro Qualitative Analysis. 1948 257 pp 
$4.25 Houghton Mifflin Co. (#188) 
CurtmMAN, Louis J. Introduction to Semimicro Qualitative 
Chemical Analysis. 2nd Edition 1950 391 pp $4.50 The 
Macmillan Company. (#189) 
Evans, Witu1aM L., Garrett, ALFRED B., and Sister, Harry H. 
Semimicro Qualitative Analysis. Revised Edition 1957 240 


pp $#3.50 Ginn and Company. (#190) 
GitreatH, Esmarcu 8S. Qualitative Analysis. 1954 285 pp 
$4.50 McGraw-Hill. (#192) 


Hoaness, THorFin R. and JoHNSON, WARREN C. An Intro- 
duction to Qualitative Analysis and Chemical Equilibrium. 
1957 376 pp $4.75 Henry Holt & Co., Inc. (#193) 

Hoeness, THORFIN R. and JoHNSON, WARREN C. Jonic Equilib- 
rium as Applied to Qualitative Analysis. 3rd Edition 1954 
381 pp $4.25 Henry Holt & Co., Inc. (#194) 

Hoaness, THORFIN R. and JOHNSON, WARREN C. Qualitative 
Analysis and Chemical Equilibrium. 4th Edition 1954 621 
pp $5.25 Henry Holt & Co., Inc. (#195) 

Ketsey, Erwin B. and Dierricu, Harotp G. Fundamentals of 
Semimicro Qualitative Analysis. 2nd Edition 1951 328 pp 
$4.90 The Macmillan Company. (4196) 

McAtringE, Roy K. and Soute, Byron A. Fundamentals of 
Qualitative Chemical Analysis. 4th Edition 1956 340 pp 
$5.00 D. Van Nostrand Company, Inc. (#197) 

McGooxin, ALEXANDER. Qualitative Organic Analysis. 1955 
165 pp $4.50 Reinhold Corp. (#198) 

MELDRUM, WILLIAM BUELL DaacGett, ALBERT FREDERICK. 
A Textbook of Qualitative Analysis. 1951 
American Book Company. (#199) 

OELKE, C. Semimicro Qualitative Analysis. 1950 
386 pp $4.50 D.C. Heath and Company. 200) 

Smirn, Orsino C. Identification and Qualitative Chemical 
Analysis of Minerals. 2nd Edition 1953 420 pp $8.50 
D. Van Nostrand Company, Inc. (#201) 

Sorum, C. N. Introduction to Semimicro Qualitative Analysis. 
2nd Edition 1953 198 pp $2.95 Prentice-Hall, Inc. (#202) 

VoceL, Artuur I. Macro and Semimicro Qualitative Inorganic 
Analysis. 4th Edition 1954 662 pp $5.25 Longmans, 
Green & Co., Inc. (#203) 

Wetcuer, Frank J., and Hann, Ricuarp B. Semimicro 
Qualitative Analysis. 1955 497 pp College Edition $6.50 
Reference edition $8.00 D. Van ‘ompany, 

#204 

West, W., Vick, Maurice M. and Lerosen, Arruur L. 
Qualitative Analysis and Analytical Chemical Separations. 
1953 223 Pp $4.00 The Macmillan Company. (#205) 

Wuc, Epwin O., Line, R., and Fiaae, Joun F. Semi- 
micro Qualitative Analysis. 2nd Edition 1954 408 pp $4.25 

D. Van Nostrand Company, Inc. (#206) 
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QUANTITATIVE 


Arenson, Saut B. How to Solve Problems in Quantitative 
Analysis. 1942 89pp $1.25 Thomas Y. Crowell wef 
#207 ) 

Benepetti-Picuier, A. A. Essentials of Quantitative Analysis. 
An Introduction to the Basic Unit Operations 1956 666 pp 
$15.00 Ronald Press Co. (#208 ) 
BLaEpEL, W. J. and Metocue, V. W. Elementary Quantitative 
Analysis: Theory and Practice. 1957 826 pp $6.90 Row, 
Peterson & Company. (#209) 
Dageetr, ALBERT F. and MELpRuUM, WILLIAM B. Quantitative 
Analysis. 1955 480 pp $5.50 D.C. Heath and Company. 
(#210) 

Drext, H. C. and Smirn, C. F. Quantitative Analysis. 1952 
539 pp $5.50 John Wiley & Sons, Inc. (#211) 
Fiscuer, Ropert B. Quantitative Chemical Analysis. 1956 
401 pp $5.50 W. B. Saunders Co. * (#212) 
Foutk, CuHartes W., Moyer, Harvey V. and MacNevin, 
WituiaMm M. Quantitative Chemical Analysis. 1952 465 pp 
$5.75 McGraw-Hill. (#213) 
Fritz and Hammonp. Quaniitative Organic Analysis. July 1957 
Approx 296 pp Prob $6.00 John Wiley & Sons, Inc. (#213-1) 
Leicester, F. and Smmpson, STEPHEN G. Quantita- 
tive Chemical Analysis. 10th Edition 1952 259 pp $5.25 
The Macmillan Company. (#214) 
Kotrtuorr, I. M. and SaANpELL, E. B. Textbook of Quantitative 
Inorganic Analysis. 3rd Edition 1952 759 pp $6.50 The 
Macmillan Company. (#215) 
MeEtton, M. G. Quantitative Analysis. (Methods of Sepa- 
ration and Measurement) 1955 694 pp $6.50 Thomas Y. 
Crowell Company. (#216) 
Metton, M. G. Quantitative Analysis Record Book. 1944 
200 pp $1.00 Thomas Y. Crowell Company. (#217) 
Otson, AxEL R., Kocu, CHARLES W. and PIMENTEL, GEORGE C. 
Introductory Quantitative Chemistry. 1956 480 pp $5.00 


W. H. Freeman & Co. (#218) 
Osporn, G. H. Synthetic Ion-Exchanges. 1956 194 pp $6.00 
The Macmillan Company. (#219) 


PatTEeRSON, ANDREW JR. and Tuomas, Henry C. A Textbook of 
Quantitative Analysis. 1952 500 pp $4.75 Henry Holt «& 
Co., Ine. (#220) 

Pierce, W. C. and Haerniscu, E. L. Quantitative Analysis. 
3rd Edition 1948 520 pp $5.00 John Wiley & Sons, Inc. 

(#221) 

RreMAN, Neuss, Jacop D. and NarMan, BaRNEt. 
Quantitative Analysis. 3rd Edition 1951 523 pp $6.25 
McGraw-Hill. (#222) 

Voce, ArtHuR I. Quantitative Inorganic Analysis. 2nd Edi- 
tion 1951 918 pp $10.75 Longmans, Green & Co. (#223) 

West, Puiuipe W. Calculation of Quantitative Analysis. 1948 
162 pp $3.40 The Macmillan Company. (#224) 

Hosart H. and Harvey. Advanced Quantita- 
tive Analysis. 1943 457 pp $6.00 D. Van Nostrand Com- 
pany, Inc. (#225) 

Witarp, Hosart H., Furman, N. Howe. and Bacon, E. K. 
A Short Course in Quantitative Analysis. 2nd Edition D. Van 
Nostrand Company, Inc. (#226) 

Hosart FurMaNn, N. and Bricker, 
CuarKE. Elements of Quantitative Analysis. 4th Edition 
1957 592pp $5.85 D.Van Nostrand Company, Inc. (#227) 


ORGANIC 
Apams, R. Organic Reactions. (Volume VII) 1953 440 pp 
$10.00 John Wiley & Sons, Inc. (#228) 
Apams, R. Organic Reactions. (Volume VIII) 1954 437 pp 
$12.00 John Wiley & Sons, Inc. (#229) 


Apams, R. Organic Reactions. (VolumeIX) 1957 John Wiley 
& Sons, Inc. 
ALEXANDER, E. R. Principles of Ionic Organic Reactions. 1950 
318 pp $6.00 John Wiley & Sons, Inc. (#231) 
AMUNDSEN, LAWRENCE H. Organic Chemistry. 1954 368 pp 
$5.50 Henry Holt & Co., Inc. (#232) 
ANDERSON, L. G. and BacumMann, M. K. A Manual for the Or- 
ganic Chemistry Laboratory. 1953 ? pp $%(?) John Wiley 
«& Sons, Inc. (#233) 
ARNOLD, R. T. Organic Syntheses. (Volume 32) 1952 119 pp 
$3.50 John Wiley & Sons, Inc. (#234) 
AstLe, Metvin J. The Chemistry of Petrochemicals. 1956 
273 pp $6.50 Reinhold Publishing Corp. (#235) 
AstLE, MEtvin J. and SHetton, J. Rew. Organic Chemist). 
1953 771 pp $7.50 Harper & Brothers. (#236) 
BEILSTEIN’s Handbuch der Organischen Chemie. 2nd Supple- 
ment Volume XXVIII Part I: Cumulative Subject Index, 
Part I. 1955 1289 pp $110.40 Walter J. eacae OG 
Handbuch der Organischen Chemie. 2nd Supp 'e- 
ment Volume XXVIII Part II: Cumulative Subject Index, 
Part II 1956 1183 pp $101.76 Walter J. Johnson. (#233) 
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ELEMENTARY QUANTITATIVE ANALYSIS: 


* VERSATILE 
READABLE 


Blaedel and / 


Th d Practi 
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¢¢ This textbook is -, to satisfy the requirements of a one-semester course, but 
with very few additions it would be suitable for a full year’s work. It is highly organized 
in outline form with a text proper for all students, and a 223-page supplement for 
chemistry majors... . 


66¢ The style of writing is simple and clear, approaching a conversational tone, 
with an abundance of well-chosen figures and tables to illustrate crucial 
points. ... An imposing list of questions and problems follows each chapter, 
about 1470 in all, most of which are thought-provoking and require more 
than routine substitution into a formula. Answers are given for most 
numerical problems. . . . 


/ 


Early Adoptions 66 The most impressive improvement over other texts is the 
— balance between the treatment of analytical chemistry as an 
IMlinois exact science and the many approximations used in calcula- 
Penn State tions as well as the empirical nature of many procedures. This is 

a difficult perspective for the student to grasp. ... The au- 

UCLA thors have made a significant advance in their presentation.... 


Utah 


Wisconsin “It certainly deserves consideration by every teacher 
of quantitative analysis.” 


Excerpts from a review by Prof. Ropert L. Pecsok, 
UCLA, in June, 1957, Journal of Chemical Education. 


Price: $6.90 Examine a copy of the book at the 1957 ACS Book Exhibit. 


ROW, PETERSON AND COMPANY 


Evanston, Illinois 
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BEILsTEINn’s Handbuch der Chemie. 2nd Supplement 
Volume XXIX Part I: Cumulative Formula Index, Part I. 
1956 1185 pp $101.76 Walter J. Johnson, Inc. (#239) 

BettsTEIn’s Handbuch der Organischen Chemie. 2nd Supplement 
Volume XXIX Part II: Cumulative Formula Index, Part IT. 
1956 1166 pp $101.76 Walter J. Johnson, Inc. (#240) 

BEILsTEIn’s Handbuch der Organischen Chemie. 2nd Supplement 
Volume XXIX Part III: Cumulative Formula Index, Part 
III 1957 1029 pp $90.00 Walter J. Johnson, Inc. (#241) 

Joun H. and CLELAND, ELizABETH 8. Methods of 
Synthesis in ae Chemistry. 3rd Edition 1954 255 p 
$2.75 Indiana University Bookstore, Distributor. (#242 

. Organic Syntheses. (Collective Volume II) 
1943 654 PP $12.00 John Wiley & Sons, Inc. (#243) 
Bounpy, R. H. and Borger, R. F. Styrene. (ACS my 


Braupeg, E. A. and Nacuop, F. C., Editors. Determination of 
Organic Structures by Physical Methods. 2nd printing 1957 
810 pp $15.00 Academic Press, Inc. (#245) 


BrewsTer, Ray Q. Organic Chemisiry. 2nd Edition 1953 
855 pp $7.75 Prentice-Hall, Inc. 246) 
Brewster, Ray Q. Organic Chemistry, A Brief Course. 1949 
409 pp $6.00 Prentice-Hall, Inc. (#247) 
Brown, G.I. Introduction to Organic Chemistry. 1957 400 p 
$3.25 aan Green & Co., Inc. (#248 
Burr, Joun G., Jn. Tracer Applications for the Study of Organic 
Reactions. 1957 Approx 300pp Approx $8.00 Interscience 
Publishers, Inc. (#249) 
BurrELL, R. C. Organic Chemistry for Students of Biological 
Science. 1955 248 pp $4.25 Burgess Publishing Comes; 
#2 
Carrns, R. L. Organic Syntheses. (Volume 35) 1955 122 BY 
$3.75 John Wiley & Sons, Inc. (#2 1) 
CampaliGng, E., Hart, H. and Scuuetz, R.D. Laboratory Man- 
ual for a Short Course in Organic Chemistry. 1953 153 BY 
$2.75 Houghton Mifflin Co. (#2 2) 
Cason. Organic Syntheses. (Volume 37) Approx 128 pp Prob 
$4.00 Sept. 1957 John Wiley & Sons, Inc. (#253) 


Essential Principles of Organic Chemistry. 
1956 530 pp $6.75 Prentice-Hall, Inc. (#254) 
Cason, JAMES and Rappaport, HENRY. Text in Or- 
ganic Chemistry. 1950 416 pp $4.50 Prentice-Hall. (#255) 
Cassipy, H. G. Technique of Cecise Chemistry. Volume X— 
Fundamentals of Chromatography 1957 465 pp $9.75 
Interscience Publishers, Inc. (#256) 
Cueronis, Nicnouas D. Technique of Organic Chemistry. 
Volume VI—Micro and Semimicro Methods 1954 650 pp 
$12.00 Interscience Publishers, Inc. (#257) 
Cueronis, D. and ENTRIKIN, B. Semimicro 
Qualitative Organic Analysis: The Systematic Identification of 
Organic Compounds. 2nd Edition Revised and augmented 
1957 788 pp $9.00 Interscience Publishers, Inc. (#258) 
Ciapp, LEALLYN B. Chemistry of the Covalent Bond. 1957 
698 pp $7.50 W.H. Freeman & Co. (#259) 
Conant, JAMEs H. and Buart, ALBERT H. Chemistry vated 
Compounds. 4th Edition 1952 665 pp $6.50 e Mac- 
millan Company. (#260) 
Conant, James H. and Buiatt, H. Fundamentals of 
Organic Chemistry. 1950 413 pp $5.25 The Macmillan 
(#261) 
Cook, J. W., Editor. Progress in Organic Chemistry. Volume 
III 1955 273 pp $7.80 Academic Press, Inc. (#262) 
Corgz, A. C. Organic Syntheses. (Volume 30) 1950 115 pp 
$3.00 John Wiley & Sons, Inc. 263) 
Decerina, E. F. Organic Chemistry. 6th Edition 1951 420 
pp $1.95 Paper bound Barnes & Noble, Inc. (#263-1) 
DecerinG, E. F. The Quadri-Service Manual of Organic Chem- 


Cason, JAMES. 


istry. 1942 221 pp $3.75 Houghton Mifflin Co. (#264) 
Desua, Lucius J. Organic Chemistry. 2nd Edition 1952 
565 pp $7.00 McGraw-Hill. ; (#265) 


DreisBacu, R. R. and edited by Starr, Industrial and Engi- 
neering Chemistry. Physical a of Chemical Com- 
pounds. (Advances in Chemistry ries No. 15) 1955 523 
pp $5.85 American Chemical Society. (#266) 

Duntop, A. P. and Peters, F. N. The Furans. (ACS Mono- 


graph No. 119) 1953 892 Pp $22.50 Reinhold. (#267) 
E.perFIELD, R. C. Heterocyclic Compounds. (Volume IV) 
1952 674 pp $19.50 John Wiley & Sons, Inc. (#268) 
ELDERFIELD, R. C. Heterocyclic Compounds. (Volume V) 
1957 744pp $20.00 John Wiley & Sons, Inc. (#269) 
ELpERFIELD, R. C. Heterocyclic Compounds. (Volume VI) 
1957 753 pp $25.00 John Wiley & Sons, Inc. (#270) 


ENGLIsH, JAMES, Jk. and Casstpy, Harotp G. Principles of 
Organic Chemistry. 2nd Edition 1956 512 pp $6.50 Mc- 
Graw-Hill. (#271) 

Erickson, Jonn G., Witney, Paut F. and Wystracn, V. P. 
Chemistry of Heterocyclic Compounds. Volume X—The 
1,2,3- and 1,2,4-Triazines, Tetrazines and Pentazines 1957 

274 pp $10.50 Interscience Publishers, Inc. (4272) 


Fercuson, Luoyp N. Electron Structures of Organic Molecules. 
1952 335 pp $7.25 Prentice-Hall, Inc. (#273) 
Friesen, Louis F. Experiments in Organic Chemistry. 3rd 
Edition revised 1957 364 pp $5.50 D.C. Heath a 
pany. ‘4 
Freser, Louis F. and Freser, Mary. Introduction to Organic 


Chemistry. 1957 640 pp $7.00 D.C. Heath and Comment: 
Freser, Louis F. and Freser, Mary. Organic Chemistry. 


3rd Edition 1956 1150 pp $10.00 Reinhold Publishing 
Corporation (#276 
Fieser,- Louis F. and Frespr, Mary. Organic Chemistry. 
3rd Edition 1955 1117 pp $9.00 D.C. Heath saa 
ny. ) 
I. L. Organic Chemistry. (Volume II—Stereochemistr) 
and the Chemistry of Natural Products) 1956 733 pp $8.50) 


Longmans, Green & Company, Inc. (#278 
Fuson, R. C. Advanced Organic Chemisiry. 1950 669 pp 
$9.00 John Wiley & Sons, Inc. (#279) 


nic Chemistry. 2nd 


Fuson, R. C. and Snyper, H. R. Or 
iley & Sons, 


Edition 1954 544 pp $6.50 John 


(#280) 

GayLorpD, Norman D. Reduction with Complex Metal Hydrides. 
1956 1062 pp $15.00 Interscience Publishers, Inc. (#281) 
Giuman, H. Organic Chemistry. (Volume III) 1953 607 pp 
$12.50 John Wiley & Sons, Inc. (#282) 
Guman H. Organic Chemistry. (Volume IV) 1953 692 pp 
$12.50 John Wiley & Sons, Inc. (#283) 
Gruman H. and Bratt, A. H. Organic Syntheses. (Collective 
Volume I) 1941 580 pp $11.50 John Wiley & Sons, tobe ;' 
Hart, Haroip and Scuuetz, R. D. A Short Course in Organic 


Chemistry. 1953 326 pp $5.00 Houghton Mifflin ‘aees) 
Hatcu, Lewis F. E. iments in Organic Chem- 
istry. 1955 153 pp $3.00 McGraw-Hill. (#286) 
Hatcu, Lewis F. ganic Chemistry. 1955 324 pp $4.75 
McGraw-Hill. (#287) 


Hersron, I. M. and Bunsury, H. M. Dictionary of Organic 
Compounds. Volume II 844 pp $25.00 (In 4 volumes 1953 
3092 pp $100.00) Oxford University Press. (#288) 

Hermans, P. H. Introduction to Theoretical Organic Chemistry. 
1954 507 pp $7.75 D.Van Nostrand Company, Inc. (#289) 

Hivprtcu, T. P. Chemical Constitution i atural Fats. 3rd 
Edition 1956 664 pp $16.00 John Wiley & Sons, lee 


2 
Hine, Jack. Physical Organic Chemistry. 1956 497 pp $9.00 
McGraw-Hill. (#291) 
Horninea, E. C. Organic Syntheses. (Collective Volume III) 
1955 890 pp $15.00 John Wiley & Sons, Inc. (#292) 
Hucxet, W. Theoretical Principles of Organic Chemistry. 
1955 904pp $15.00 D. Van Nostrand 
ne. 
Incotp, C. K. Structure and Mechanism in Organic Chemistry. 
1953 835 pp $9.75 Cornell University Press. (#294) 
JENKINS—HarTUNG—HAMLIN and Data. The Chemistry of 
Organic Medicinal Products. 4th Edition Aug., 1957 Approx 


550 pp Prob $10.00 John Wiley & Sons, Inc. (#295) 
Jounson, W.S. Organic Syntheses. (Volume 34) 1954 121 pp 
$3.50 John Wiley & Sons, Inc. (#296) 


Louise. Organic Chemistry. 1957 757 pp $7.50 
McGraw-Hill. (#297) 
Knarascu, M. E1iseNpRATH, Cart W. and Remnmuts, 
Grignard Reactions of Non-Metallic Substances. 1954 1384 pp 
$17.50 Prentice-Hall, Inc. _ (#298) 
LEFFLER, JOHN E. The Reactive Intermediates of Organic Chem- 
istry. 1956 285 pp $6.00 Interscience Publishers Inc. 


(#299 
Leonarp, N.J. Organic Syntheses. (Volume 36) 1956 120 pp 
$3.75 John Wiley & Sons, Inc. (#300) 
LinsteaD, R. P., J. A. and WHALLEY, MARGARET. 
A Course in Modern Techniques of Organic Chemistry. 1955 
190 pp $5.00 Academic Press, Inc. (#301) 
LinstEaD, R. P. and Wespon, B.C. L. A Guide to Qualitative 
Organic Chemical Analysis. 1957 169 pp $4.50 Academic 
Press, Inc. (#302) 
Luss, H. A. The Chemistry of Synthetic Dyes and Pigmenis. 
(ACS Monograph No. 127) 1955 752 pp $18.50 Reinhold 
Publishing Corp. (#303) 
Lucas, H. J. and Pressman, D. Principles and Practice in 
wr Chemistry. 1949 557 pp $7.25 John Wiley & — 
ne. # 
Lucas, Howarp J. Organic Chemisiry. 2nd Edition 1953 
768 pp $7.00 American Book Compene. (#305) 
Marve, C. 8S. Adams Symposium. 1955 140 pp $3.75 
John Wiley & Sons, Inc. (#306) 
Marvet, E. N. and Logan, A. V. An Introduction to the Chemical 
Properties of Organic Compounds. 1955 326 pp $4.75 John 
Wiley & Sons, Inc. (#307) 
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Consider these Saunders Books 
for use in your elasses 


NEW (2ND) EDITION—This text presents basic organic chemistry in rich 
detail. Compounds are discussed in the light of the theory of gross structures. 
Dr. Noller’s correlation of physical and chemical properties with structure is 


NOLLER—Chemistry of 
Organie Compounds 


extremely clear. By using theories to explain facts he helps to 
eliminate the common student complaint that the elementary 
course in organic chemistry is merely “memory work.’’ A new 
chapter has been introduced on absorption of electromagnetic 
radiation in general. New topics include—anhydro sugars; 
tropolone and related compounds; ylides and mesoionic com- 


pounds; telomerization; transannular reactions; inclusion compounds of urea; 
dinitropheny] fluoride for determining the structure of insulin; etc. 


CARL R. NOLLER, Professor of Chemistry, Stanford University. 978 pages, 6” x 914", with 105 illustrations 
New (2nd) Edition! 


NEW (2ND) EDITION—Brought completely up-to-date, this popular text 
was written specifically for first-year medical students. The major emphasis 


throughout is on the integration of biochemical processes and the mechanisms 


CANTAROW and SCHEPARTZ— 


Biochemistry 


involved in the regulation and coordination of various aspects 
of metabolism. The aim of the book is to enable the student to 
perceive the nature of metabolic interrelations and homeostasis. 
This will help him to place biochemistry in its proper relation to 
physiology, normal and pathologic. New data are included on: 
adrenocortical, thyroid and hypothalmic hormones; structures 


of insulin; vasopressin and oxytosin; neurochemistry; metabolism of pentoses, 
purines, prophyrins, etc. 


By ABRAHAM CANTAROW, M.D., Professor of Biochemistry and BERNARD SCHEPARTZ, Ph.D., Assistant Professor of Biochemistry, 
Jefferson Medical College. 867 pages, 6” x 9", with 15] illustrations. $11.50. New (2nd) Edition—Just Ready! 


This text is designed for students planning to take only one year of chemistry. 
Instead of the conventional detailed study of inorganic chemistry usually offered 
to freshmen, emphasis has been placed on all three fields—inorganic, organic, 


rouTH—20th 


Century Chemistry 


and biological. So skillfully has the subject been covered that 
the presentation is thoroughly understandable even to students 
who have never before had a.course in science. The author 
emphasizes the general principles of the subject and points out 
the application of these principles to every-day living. Questions 


at the end of the chapters enable your students to differentiate 
between major and minor points and also serve as a convenient review. 


By JOSEPH I. ROUTH, Ph.D., Professor of Biochemistry, State University of lowa. 564 pages, 6” x 8”, with 288 illustrations. $5.75. 


Here are clear-cut experiments which simply illustrate the fundamentals of 
chemistry—inorganic, organic and biological. The manual is designed to keep 
step with the Third Edition of Dr. Routh’s “Fundamentals of Inorganic, Organic 


rouTH—Laboratory 
Manual ot Chemistry 


and Biological Chemistry,”’ his college text (described above), as 
well as any other standard chemistry text. Each experiment 
was chosen for its usefulness to the student, clearly indicating 
why a particular reaction takes place and its actual application 
to situations frequently encountered. The first section is 


Gladly sent to teachers 
for consideration as texts 


devoted to experiments which bring out the principles of in- 
organic and organic chemistry. The latter portion deals with those basic laws 
of biochemistry which have practical application to daily problems. 


iy JOSEPH I. ROUTH, Ph.D., Professor of Biochemistry, State University of lowa. 109 pages, $14” x 734”, wire-o-binding, illustrated. 
$1.75. Third Edstion’ 


W. B. SAUNDERS COMPANY » West Washington Square, Philadelphia 5, Pa. 
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McEtvain, Samuet M. The Characterization of Organic Com- 
pounds. 2nd Edition 1953 303 pp $5.00 The Macmillan 


Company. (#308) 
MIGRDICHIAN, VARTKES. Organic Synthesis. 2 Volumes 1957 
1800 pp ‘$35.00 Reinhold Publishing Corp. (4309-310) 


Mutpoon, Hues C. and Buake, Martin I. Systematic Organic 
Chemistry. 1957 $3.95 McGraw-Hill. (#311) 
Newman, M. S. Steric Factors in Organic Chemistry. sont 
710 pp $12.50 John Wiley & Sons, Inc. (#312) 
Nouuer, Cart R. Chemistry of Organic Compounds. 2nd 
Edition 1957 Approx 1008 pp $9.00 W. B. ape > 
1 

Nouusr, Cart R. Textbook of Organic Chemistry. 1951 643 pp 
$5.75 W. B. Saunders Co. (#314) 
Piaman, W. W., Editor. The Carbohydrates: Chemistry, Bio- 
chemisiry, Physiology. 1957 Approx 930 pp Prepublication 
price, valid on orders received until October 1, 1957, $18.00; 
thereafter $20.00 Academic Press, Inc. (#315) 
Porter, C. W. and Stewart, T. D. The Essentials of Organic 
Chemistry. Revised Edition 1953 394 pp $5.00 Ginn and 
(#316) 
Price, C. C. Organic —o (Volume 33) 1953 115 pp 
$3.50 John Wiley & Sons, Inc. (#317) 
RapwHakE., R. A. Acetylenic Compounds in Organic Synthesis. 
1955 219 pp $6.20 Academic Press, Inc. (#318) 
Rippick, Joun A. and Toops, Emory E., Jr. Technique of 
Organic Chemistry. Volume V1I—Organic Solvents: Physical 
Properties and Methods of Purification 1955 560 pp $8.50 
Interscience Publishers, Inc. (#319) 
Rietz, Epwarp G. and B. Problems in Organic 
Chemistry. 1953 523 pp $3.95 Prentice-Hall, Inc. (#320) 
Rosertson, G. Ross. Laboratory Practice of Organic Chemistry. 
3rd Edition 1954 377 pp $4.25 The Mecoilion Commi; 
#321 

Rosertson, J. Monreatu. Organic Crystals and Molecules: 
Theory of X-Ray Structure Analysis, with Applications to 
Organic Chemistry. 1953 351 pp $5.00 Cornell University 
Press. (#322) 
Rocuow, E. G. Introduction to the Chemistry of the Silicones. 
2nd Edition 1951 213 pp $6.00 John Wiley & war = 
#323 

Ropp, E. H. Chemistry of Carbon Compounds. (Volume I, 
A) 1951 777 pp #26.00 D. Van Nostrand 
#324) 


ne. 
Ropp, E. H. Chemistry of Carbon Compounds. (Volume I, 
he B) 1952 684 pp $22.50 D. Van Nostrand Company, 
(#325 

nine. E. H. Chemistry of Compounds. (Volume II, 
— A) 1953 487 pp $16.00 D. Van Nostrand Company, 
(#326) 

Ropp, E. H. Chemistry of Carbon Compounds. (Volume II, 


_ B) 1953 603 pp $20.00 D. Van Nostrand Company, 
(#327) 
Ropp, E. H. Chemistry of Carbon Compounds. (Volume III, 
— A) 1954 709 pp $22.50 D. Van Nostrand Company, 
#328 
Ropp, E. H. Chemistry of Carbon Compounds. (Volume III, 
Part B) 1956 982 pp $25.00 D. Van Nostrand Company, 
ne #329) 
Royats, E. Earu. Advanced Organic Chemistry. 
$12.00 Prentice-Hall, Inc. 3 
SaunpErs, B. 8. Phosphorus and Fluorine. 1957 240 pp 
$6.00 Cambridge University Press. (#331) 
ScurerBer, R. 8S. Organic Syntheses. (Volume 31) 1951 
122 pp $3.50 John Wiley & Sons, Ine. (#332) 
Semety, A. Solubilities. (Volume Compounds) 
3rd Edition 1941 926 pp $16.00 D. Van Nostrand Com- 


pany, Ine. (#333) 
Surrtey, D. A. Preparation of Organic Intermediates. 1951 
328 pp $8.75 John Wiley & Sons, Inc. (#334) 
Suriner, R. L., Fuson, R. C. and Curtin, D. Y. Systematic 
Identification of Organic Compounds. 4th Edition 1956 
426 pp $6.00 John Wiley & Sons, Inc. (#335) 


Staa1a, 8. Quantitative Organic Analysis via Functional Groups. 
2nd Edition 1954 227 pp $5.25 John Wiley & Sons, Inc. 
#336) 
SIMONSEN, Str JoHN and Ross, W.C.J. The Terpenes. vane) 
IV—The Triterpenes and Their Derivatives Hydrocarbons, 
Alcohols, Hydroxyaldehydes, Ketones and Hydroxy-ketones 
1957 534 pp $13.50 Cambridge University Pres. (4337) 
Smit, W. T. and Suriner, R. L. Examination of New Organic 
Compounds. 1956 136 pp $3.50 John Wiley & Sons, Inc. 


Starr oF INDUSTRIAL AND ENGINEERING Cuemistry. Nomen- 
clature for Terpene Hydrocarbons. (Advances in Chemistry 
Series No. 14) 1955 98 pp $3.00 American Chemical So- 
ciety. (#339) 

STEYERMARK, ntitative Organic Microanalysis. 1951 


Aut. Qua 
389 pp $7.50 McGraw-Hill (#340) 


Stone, K. G. Determination of Organic Compounds. 1956 


233 pp $5.50 McGraw-Hill. (#341) 
Surrey, A. R. Name Reaction in Organic Chemistry. 1954 
192 pp $5.00 Academic Press, Inc. (#342 


THEILHEIMER, W. Synthetic Methods of Organic Chemistry 
Volume XI 1957 pp $20.00 Inc 
#343 


Topp, Stmr ALEXANDER, Editor. Perspectives in Organic Chem- 
istry. (A volume dedicated to Sir Robert Robinson) 195t 
537 pp $7.50 Interscience Publishers, Inc. (4344 

UNDERKOFLER, LELAND A. Introduction to Organic Chemistry 
1953 352 pp $4.75 D. Van Nostrand Company, ast 

5 


VocEL, ArtHuR I. Elementary Practical Organic Chemistry. 
Part I—Small Scale 1957 362 pp $4.50 Long- 
mans, Green & Co., Inc. 346) 

VoceL, ArtHuR I. Elementary Practical Organic Chemistry. 
Part Il—Qualitative Organic Analysis 1957 375 pp $4.50 
Longmans, Green & Co., Inc. 7) 

VoceL, Artuur I. Practical Organic Chemistry. 3rd Edition 
1956 1188 pp $12.00 Longmans, Green & Co., Inc. (#348) 

Waener, R RB and Zoox, H. D. Synthetic Organic Chemistry. 
1953 887 pp $13.50 John Wiley & Sons, Ine (#349) 

Wauuine. Free Radicals in Solution. Sept. 1957 Prob 575 pp 

Approx $14.50 John Wiley & Sons, Inc. (#350) 

Waters, Wiuuiam A. Physical Aspects of Organic Chemistry. 
4th Edition 539 pp College edition $6.80 Reference 
edition $9.25 D. Van Nostrand Company, Inc. (#351) 

WEIsSBERGER, A., Editor. Technique of Organic Chemistry. 
Volume I, Part I1I—Physical Methods of Organic Chemistry 
1954 446 pp $8.50 Interscience Publishers, Inc. (#352) 

WEIssBERGER, A., Editor. Technique of Organic Chemistry. 
Volume II—Catalytic, Photochemical and Flectrolytic Re- 
actions. 2nd Edition Revised and augmented 1956 556 pp 
$11.50 Interscience Publishers, Inc. (#353) 

WEISSBERGER, A., Editor. Technique of Organic Chemistry. 
Volume III, Part I—Separation aa Purification 1956 883 pp 
$17.50 Interscience Publishers, Inc. (#354) 

WEIssBERGER, A., Editor. Techni of Organic Chemistry. 
Volume III, Part II—Laboratory Engineering 1957 401 pp 
$8.00 Interscience Publishers, Ine. (#355) 

WerTHEIM, Epcar. Experiments in Organic Chemistry. 3rd 
Edition 1956 221 $3.25 McGraw-Hill. (#356) 

WERTHEIM, Epaar. laccater ory Guide for Organic Chemistry. 


3rd Edition 1948 457 pp $4.50 McGraw-Hill. (#357) 
WerTHEImM, EpGar. Practical Organic Chemistry. (A Labora- 
tory Manual) 1953 372 pp $4.25 McGraw-Hill. (#358) 


WertHEm, EpGar. Textbook of Organic Chemistry. 3rd Edi- 
tion 1951 958 pp $7.25 McGraw-Hill. (#359) 
WERTHEIM, EpGar and JeskEy, Harouip. Introductory Organic 
Chemistry. 3rd Edition 1956 476 pp $5.50 oe ioe 
#300) 

West, W., Editor. Technique of Organic Chemistry. Volume 
TX-—Chemical Applications of Spectroscopy 1956 812 pp 
$15.00 Interscience Publishers, Inc. (#361) 


Wuetanp, G. W. Advanced Organic Chemistry. 2nd Edition 
1949 799 p $9.00 John Wiley & Sons, Inc. (#362) 
WueELAND, G. W. Resonance in Organic Chemistry. 1955 846 


pp $15.00 John Wiley & Sons, Inc. (#363) 

Wuitmore, Frank C. Organic Chemistry. 2nd Edition 1951 
960 pp College edition $9.50 Reference edition $12.75 
D. Van oer Company, Ine. ( #364) 

Wisaut, J. Holleman’s Organic Chemistry. 1951 662 pp 

.00 D. Van Nostrand Company, Inc. (#365) 

Roger J. and Brewster, R. Q. A _ Laboratory 
Manual of Organic Chemistry. 4th Edition 1948 
$3.75 D. Van Nostrand Company, Inc. 

WituraMs, Rocer J. and Hatcn, Lewis F. An Introduction to 
Organic Chemistry. 5th Edition 1948 668 pp $6.50 D. Van 
Nostrand Company, Inc. (#367) 

Wotrrom, M. L. an Trpson, R. S., Editors. Advances in Car- 
bohydrate Chemistry. Volume XII 1957 Approx 340 pp 
approx. $8.50 Academic Press, Inc. (#3068) 


INORGANIC 


AuprietH, L. F. Inorganic Syntheses. Volume III 1150 


230 pp $5.00 McGraw-Hill. (#369) 
AupRIETH, L. F. and Kuiermnsere, J. Non-Aqueous Solvents. 
1953 284 pp $8.50 John Wiley & Sons, Inc. (#370) 


JoHN C. Inorganic Syntheses. Volume 1953 
218 pp $5.00 McGraw-Hill. (#371) 
nee. | Jr., Joun C. The Chemistry of the Coordination ( om- 
— (ACS Monograph No. 131) 1956 844 pp $18.50 
inhold Publishine Corp. (#372) 


Bootn, Harotp Inorganic Syntheses. Volume I 1939 
197 pp $5.00 McGraw-Hill. (#373) 
Coates, G. E. Organo-Metallic Compounds. 1957 197 pp 
$2.50 John Wiley & Sons, Inc. (#374) 
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vistry All books listed below, and many more, at the Chemical Education 


4343 ' Book Exhibit, Washington Room, Hotel Statler, September 8-13 
Chem- 
ioe VOLUMETRIC ANALYSIS 
niatry Second English edition, entirely revised and enlarged. In 3 volumes. 
4345 Volume II: TITRATION METHODS: Acid-Base, Precipitation, and Complex-Formation Reactions. By 
nistry. I. M. KOLTHOFF, Professor and Head, Division of Analytical Chemistry, Un‘versity of Minnesota, and V. A. 
Long- STENGER, Analytical Research Chemist, Dow Chemical Co., Midland, Mich. 1947. 388 pages, 14 illus. $8:25 
(#346 | Volume III: OXIDATION-REDUCTION REACTIONS. By I. M. KOLTHOFF and R. BELCHER, Reader 
nistry). Analytical Chemistry, University of Birmingham, es. With the cooperation of V. A. STENGER and 
$4.51) G. MATSUYAMA, Senior Research Chemist, Research Department, Union Oil Company of California. 1957. 
oe) Approx. 700 pages, 41 tables, 20 illus. 
n 
= SEMIMICRO QUALITATIVE ORGANIC ANALYSIS: The Systematic Identification of Organic Compounds. 
(4340 ) Second edition, completely rewritten, reorganized, and expanded. By NICHOLAS D. CHERONIS, Professor 
ee of Chemistry, Brooklyn College, Brooklyn, N. Y., and JOHN B. ENTRIKIN, Professor of Chemistry, Centen- 
Pi 
(#350) ary College of Louisiana, Shreveport, La. 1957. 788 pages. $9.00 
istry). 
ame TECHNIQUE OF ORGANIC CHEMISTRY. Volume Ill in two parts. 
(#351) Second completely revised edition. Edited by A. WEISSBERGER, Research Laboratories, Eastman Kodak 
mastr Company, Rochester, N. Y. 
(4352) Part I: SEPARATION AND PURIFICATION. 1956. 883 pages, 397 illus., 57 tables. $17.50. 
satr Part II: LABORATORY ENGINEERING. 1957. 401 pages, 143 illus., 38 tables. $8.00 
556 pp THE CHEMISTRY OF NATURAL PRODUCTS. A Series of Texts on the Constitution of Natural Products. 
(#353) Edited by K. W. BENTLEY, Chemistry Department, University of Aberdeen, Old Aberdeen, Scotland. 
383 1 Volume I: THE ALKALOIDS by K. W. BENTLEY. 1957. Approx. 250 pages. 
ee TRACER APPLICATIONS FOR THE STUDY OF ORGANIC REACTIONS 
401 pp By JOHN G. BURR, JR., Atomics International Division, North American Aviation, Inc., Canoga Park, Calif. 
(#355) 1957. Approx. 300 pages, 11 tables. 
3rd 
(#356 THE LIPIDS: Their Chemistry and Biochemistry. In three volumes. 
Gash By HARRY J. DEUEL, JR., Dean, Graduate School and Professor of Biochemistry, University of Southern 
atl California, Los Angeles, Calif. 
(#358) Volume III: BIOCHEMISTRY: Synthesis, Oxidation, Metabolism and Nutritional Importance. 1957. 
d Edi- Approx. 1028 pages, approx. 41 tables, approx. 24 illus. 
(#359) 
Irganic RESEARCH IN PHOTOSYNTHESIS 
w-Hill. Papers and Discussions Presented at the Gatlinburg Conference, October 25-29, 1955. Sponsored by the Com- 
eee) mittee on Photobiology of the National Academy of Sciences-National Research Council and Supported by 
on the National Science Foundation. Edited by HANS GAFFRON, Research Institutes, University of Chicago 
“ 361) Ill., and A. H. BROWN, C. S. FRENCH, R. LIVINGSTON, E. I. RABINOWITCH, B. L. STREHLER and 
tae N. E. TOLBERT. 1957. Approx. 530 pages, 165 illus., 42 tables. 
Bey! ION EXCHANGERS IN ORGANIC AND BIOCHEMISTRY 
(#363) Edited by CALVIN CALMON, The Permutit Co., Birmingham, N. J., and T. R. E. KRESSMAN, The Per- 
» 1951 mutit Co. Ltd., London, England. 1957. 773 pages, 104 illus., 55 tables. $15.00 
$12.75 
(#364) ADVANCES IN PEST CONTROL RESEARCH. Volume I. 
662 aN Edited by R. L. METCALF, Citrus Experiment Station, University of California, Riverside, Calif. 1957. 
Ns Approx. 520 pages, 11 illus., 13 tables. 
wen SURFACE ACTIVE AGENTS AND DETERGENTS. Volume Ii. 
ction. to By ANTHONY M. SCHWARTZ, Harris Research Laboratories, Washington, D. C., JAMES W. PERRY, 
D. Van Center for Documentation and Communication Research, School of Library Science, Western Reserve Uni- 
(#367) versity, Cleveland, Ohio, and JULIAN BERCH, Harris Research Laboratories. 1957. Approx. 820 pages, 
in Car- approx. 7 tables, approx. 26 illus. 
340 pp 
(#368) COSMETICS: Science and Technology. 
Editorial Board: H. D. GOULDEN, Toilet Goods Association, New York City, EMIL G. KLARMANN, Lehn 
and Fink, Inc., New York City, DONALD H. POWERS, Warner Lambert Pharmaceutical Corp., New York 
City, and EDWARD SAGARIN, Standard Aromatics, Inc. Editor: EDWARD SAGARIN. 1957. 1453 pages, 
1950 107 tables, 138 illus. 
a seen CHEMICAL ENGINEERING REPORTS: How to Search the Literature and Prepere a Report. 
(4370) Fourth edition, completely rewritten and enlarged. By KENNETH A. KOBE, Dept. of Chemical Engineering, 
1953 University of Texas, Austin, Texas. 1957. 183 pages, 4 illus. $3.00 
#371) 
Com- 
“2 BY) INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, N.Y 
372) 
(#373) 
197 pp 
(#374) 
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Dopp, R. E. and Rosinson, P. L. Experimental Inorganic 
Chemistry: A Quide to Laboratory Practice. 
$8.25 D. Van Nostrand Company, Inc. 
Emetevus, H. J. and ANpEerson, J. 8S. Modern Aspects of In- 
organic Chemistry. 2nd Edition 1952 557 pp $7.25 D. 
Van Nostrand Company, Inc. (#376) 
Fernetius, W. C. Inorganic Syntheses. Volume II 1946 
293 pp $6.00 McGraw-Hill. (#377) 
Gme.in’s Handbuch der Anorganischen Chemie. 8th Edition 
List of Abbreviations used in Gmelin 1950 27 pp $3.60 
Walter J. Johnson, Inc. #378) 
Ge .in’s Handbuch der Anorganischen Chemie. 8th Edition 
System 13—Boron. 1926 142 pp $20.88 Walter J. Johnson, 
Inc. (#379) 
Gme.in’s Handbuch der Anorganischen Chemie. 8th Edition 
System 13—Supplement 1954 253 pp $34.80 Walter J. 
Johnson, Inc. #380) 
Gaewin’s Handbuch der Anorganischen Chemie. 8th Edition 
— 28—Calcium Part A, Section 2 (Occurrence. The 
lement. The Alloys.) 1956 420 pp $55.68 Walter J. 
Johnson, Inc. (#381 
Gme.in’s Handbuch der Anorganischen Chemie. 8th Edition 
System 45—Germanium 1931 62 pp $12.00 Walter J. 
Johnson, Inc. (#382) 
Gmein’s Handbuch der Anorganischen Chemie. 8th Edition 
System 68—Platinum Part D (Complex Platinum Com- 
re with Neutral Ligands) 1957 638 pp $90.00 Walter 


Johnson, Inc. (#383) 
Govutp, Epwin S8. Inorganic Reactions and Structure. 1955 
470 pp $6.75 Henry Holt & Co., Inc. (#384) 


Hucket, W. Structural Chemistry of Inorganic Compounds. 
VolumeI) 1950 452 pp $12.75 D. Van Nostrand 


ne. 
Hucket, W. Structural Chemistry of Inorganic Compounds. 
(Volume II) 1951 662 pp $16.00 D. Van Nostrand Com- 
pany, Inc. (#386) 
LATIMER, WENDELL M. Ozidation Potentials. 2nd Edition 
1952 392 pp $7.50 Prentice-Hall, Inc. (#387) 
MarrTELL, ARTHUR and CALVIN, MELVIN. Chemistry of the Metal 
Chelate Compounds. 1952 613 pp $10.00 Prentice-Hall, 
Inc. (4388) 
Moe.ter, T. Inorganic Chemistry. 1952 966 pp $12.00 


$10.00 college edition John Wiley & Sons, Inc. (#389) 
NorpMANN. Qualitative Testing and Inorganic Chemistry. Nov. 
1957 Approx 536 pp Prob $6.50 John Wiley & Sons, Inc. 


(#390) 

Remy, H. Treatise on Inorganic Chemistry. (Volume I) 1956 

866 pp $19.50 D. Van Nostrand Company, Inc. (#391) 

Remy, H. Treatise on Inorganic Chemistry. (Volume II) 
1956 800 pp $17.75 D. Van Nostrand Company, Inc. 


(#392) 

Rocuow, Lewis and Hurp. The a of Organometallic 
Compounds. 344 pp $8.50 1957 John Wiley & = a 
#393 


A. Solubilities. (Volume I—Inorganic and Metal- 
Organic Compounds) 3rd Edition 1940 926 pp $16.00 
D. Van Nostrand Company, Inc. 94) 

A. Solubilities. (Volume I1I—Supplement to In- 
organic and Organic Compounds) 1952 1255 pp $16.00 
D. Van Nostrand Company, Inc. (#395) 

SneEp, M. Cannon and Brastep, Ropert C. Comprehensive 
Inorganic Chemistry. Volume IV—Zinc, Cadmium and 
Mercury; Scandium, Yttrium, and the Lanthanide Series) 
1955 193 pp $6.00 D. Van Nostrand Company, Inc. ; 

(#396 

SneepD, M. Cannon and Brastep, Ronert C. Comprehensive 
Inorganic Chemistry. (Volume V—Nitrogen, Phosphorus, 
Arsenic, Antimony and Bismuth; Nonaqueous Chemistry) 
1956 214 pp $6.00 D. Van Nostrand Co., Inc. (4307) 

M. Cannon and Brastep, Rospert C. Comprehensive 
Inorganic Chemistry. (Volume VI—the Alkali Metals; Hy- 
drogen and its Isotopes) 1957 250 pp $6.00 D. Van Nos- 
trand Company, Inc. (#398) 

SNEED, M. Cannon, Maynarp, J. Lewis and Brastep, RoBERT 

. Comprehensive Inorganic Chemistry. (Volume I—Atomic 
and Molecular Structure, Nuclear Chemistry, Actinide Series) 
1953 264 pp $6.00 D. Van Nostrand Company, Inc. 

#399) 

Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, a 

’. Comprehensive Inorganic Chemistry. (Volume II—Copper 
Silver and Gold) 1954 256 pp f D. Van Nostrand 
Company, Inc. (#400) 

Sneep, M. Cannon, Maynarp, J. Lewis and Brastep, RoBERT 

C. Comprehensive Inorganic Chemistry. (Volume III—The 

1954 256 pp $6.00 D. Van Nostrand 

ne. #401 

Stock, Atrrep. Hydrides of Boron and Silicon. Reissued 1957 

256 pp $4.50 Cornell University Press. (#402) 
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TuorneE, P. C. L. and Roserrs, E. R., Editors. Ephraim’s 
Inorganic Chemistry. 6th Edition Revised 1955 968 pp 
$6.25 Interscience Publishers, Inc. (#403) 


PHYSICAL CHEMISTRY 


Apam, Nem Kensineton. Physical Chemistry. 
$8.00 Oxford University Press. ) 
Amis, Epwarp S. Kinetics of Chemical Change in Solution. 
1949 332 pp $6.00 The Macmillan Company. (#405 ) 
AmSDEN, JoHN P. Physical Chemistry for Premedical Students. 
2nd Edition 1950 317 pp $5.50 McGraw-Hill. (#406) 
Basor, JosepH A. and Turessen, Garrett W. How to Solve 
Problems in Physical Chemistry. 1944 215pp $2.00 Thomas 
Y. Crowell (#407) 
Bamrorp, C. H., Exxiotr, A. and Hansy, W. E.. Synthetic 
Polypeptides: Preparation, Structure and Properties. Volume 
V—Physical Chemistry: A Series of Monographs. 1956 445 
pp $10.00 Academic Press, Inc. #408 ) 
Carney, THomas P. Laboratory Fractional Distillation. 1949 
259 pp $4.90 The Macmillan Company. ( ) 
CrockrorD, H. D. and Kniaut, 8. B. Fundamentals of Physical 
Chemistry for Premedical Students. 1950 366 pp $5.25 


John Wiley & Sons, Inc. (#410) 
Darnton, F. S. Chain Reactions. 1956 183 pp $2.90 John 
Wiley & Sons, Inc. #41 
Dantes F. and Auperty, R. A. Physical Chemistry. 1955 
671 pp $6.50 John Wiley & Sons, Inc. (#412) 
DANIELs, FARRINGTON, Matuews, J. H., J. W. 
BeEnpbER, Paut and ALBERTY, Ropert A. Experimental Physi- 
cal Chemistry. 5th Edition 1956 482 pp $6.50 McGraw- 
Hill. (#413) 
DarkKEN, L. 8. and Gurry, R. W. Physical Chemistry of Metals. 
1953 528 pp $9.50 McGraw-Hill. (#414) 
Matcoitm. Introduction te Statistical Thermodynamics. 
1954 248 pp $6.25 Prentice-Hall, Inc. (#415) 
D. D., FranKENBURG, W. G. and Komarewsky, V. I., 
Editors. Advances in Catalysis and Related Subjects. Volume 
IX (A. Farkas, volume editor) 1957 846 pp $(?) Aca- 
demic Press, Inc. 16) 
Emmett, Paut H. Catalysis. VolumeI 1954 410 pp — 
1 


Reinhold Publishing Corp. #4 
Emmett, Paut H. Catalysis. VolumeII 1955 478 pp $12.50 

#418 
1955 512 pp 


1956 670 pp 
#404 


Reinhold Publishing Corp. 
Emmett, Paut H. Catalysis. Volume III 


$13.50 Reinhold Publishing oe. #419) 
Emmett, Paut H. Catalysis. Volume IV 1956 576 pp 
$12.50 Reinhold Publishing Corp. (#420) 


Eyrina, H., CurisTENsEN, C. J. and Jounson, H. S., Editors. 
Annual Review of Physical Chemistry. Volume VII 1956 


503 pp $7.00 Annual Reviews, Inc. (#421) 
Fiory, Paun J. Principles of Polymer Chemistry. 1953 688 pp 
$8.50 Cornell University Press. (#422) 


Frost, A. A. and Pearson, R. G. Kinetics and Mechanisms. 
1953 343 pp $6.50 John Wiley & Sons, Inc. (#423) 
GLASSTONE, g The Elements of Physical Chemistry. 1946 
695 pp $6.50 D. Van Nostrand Company, Inc. (#424) 
GuassTongE, 8. Textbook of Physical Chemistry. 1946 1320 pp 
$10.75 D. Van Nostrand Company, Inc. (#425) 
GuasstonE, S. Theoretical Chemistry. 1944 515 pp $7.00 
D. Van Nostrand Company, Inc. (#426) 
GuassTongE, S. ynamics for Chemists. 1947 522 pp 
$6.50 D. Van Nostrand Company, Inc. (#427) 
Gray, T. J., Derwiter, D. P., Rass, D. E., Lawrence, W. G., 
West, R. R. and Jenninas, T. J. The Defect Solid State. 
1957 511 pp $11.00 Interscience Publishers, Inc. (#428) 
GuacenHEem, E. A. Boltzmann’s Distribution Law. 1955 
61 pp $1.50 Interscience Publishers, Inc. (#429) 
GuaGENHEIM, E. A. and Prus, J. E. Physicochemical a 
#43) 


tions. 1955 172 problems $7.00 Interscience. 
Gurney, Ronatp W. Ionic Processes in Solution. 1953 275 pp 
$7.00 McGraw-Hill. (#431) 


Hammett, Louis P. Introduction to the Study of Physical Chem- 
istry. 1952 427 PP $6.50 McGraw-Hill. ( #432) 
Harrison, Georce R., Lorp, R. C. and Loorsourow, J. R. 
Spectroscopy. 1949 605 pp $7.50 
ne. #4 
Hu, L. Statistical Mechanics. 1956 432 pp $'.00 
McGraw-Hill. (#434) 
HirsHFELpEr, J. O., Curtiss, C. F. and Brirp, R. B. The 
Molecular Theory 1954 1219 pp $22.50 


John Wiley & Sons, Inc. (#435) 
Hopkins, D. W. Physical Chemistry and Metal Extraction. 


Jasper, J. J. 
312 pp $4.25 Houghton Mifflin Co. )) 
KauzMann, W. Quantum Chemistry: An Introduction. 195! 
744 pp $12.00 Academic Press, Inc. (#438) 
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the ACS exhibit... 


The Fundamentals of College Chemistry 
Second Edition 
G. Brooks King, The State College of Washington and William E. Caldwell, Oregon State College 


“The best feature from our standpoint is that it presents the fundamentals in enough detail 
to be intelligible but is not loaded with material you never expect a freshman to know or 
understand.” H.H. Rowley, University of Oklahoma 


“The arrangement of subject matter in this edition is excellent for a one-year course in general 
chemistry.” George Vaughan, University of Mississippi 


“The text is well written and clearly illustrated, with typical problems well explained.” 
E. B. Wixom, The Citadel—The Military College of South Carolina 


Laboratory Experiments in General Chemistry 


G. Brooks King, The State College of Washington and William E. Caldwell, Oregon State College 


“An excellent, workable manual. The clear, accurate illustrations add much to its useful- 
ness. I particularly like the detachable data sheets and the material on qualitative analy- 
sis.” H.C. Reitz, Purdue University 


“The report forms are good, and I especially like the selection of experiments.” Gerald 
Osborn, Western Michigan College of Education 


A Brief Course in 
Semimicro Qualitative Analysis 


William E. Caldwell, Oregon State College and G. Brooks King, The State College of Washington 


A Textbook of Qualitative Analysis 


William Buell Meldrum, Haverford College and Albert Frederick Daggett, University of New Hampshire 


Physical Chemistry 


Frank Thomson Gucker, Jr., Indiana University and William Buell Meldrum, Haverford College 


Experiments in Physical Chemistry 


Otto F. Steinbach, Queens College and Cecil V. King, New York University 


Organic Chemistry . second Edition 


Heward J. Lucas, California Institute of Technology 


5S Fifth Avenve, New York 3, New York 
American Book Company 
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Kirrstey, Scotr L. Physical a 1955 209 pp $1.50 

Paper bound Barnes & Noble, Inc. (#438-1) 

, Irving M. Chemical Thermodynamics: Basic Theory 

and’ Method. 1950 416 pp $6.50 

#439 

Kuua, H. P. and ALexanver, L. E. X-Ray Diffraction Pro- 
cedures. 1954 716 pp $16.00 John Wiley & Sons, Inc. 


) 

Lanter, Keitu J. Chemical Kinetics. 1950 408 pp $7.50 
McGraw-Hill. (#441) 
Livincston, Rosert. Physico-Chemical Experiments. 3rd 
Edition 1957 304 pp $4.50 The Macmillan eas? 
#442 

Physical Chemistry. 3rd Edition 


FRANK H. 
(#443) 


1952 750 pp $6.50 The Macmillan Company. 


Matsen, F. A., Myers, Jack and HackeRMAN, NORMAN. 
Pre-medical Physical Chemistry. 1949 344 pp $5.00 The 
Macmillan Company. (#444) 


McBain, Mary E. L. and Hutcuinson, E. Solubilization and 
Related Phenomena. Volume IV—Physical Chemistry A 
Series of Monographs 1955 259 pp $7.00 Academic Press, 
Inc. #445) 

Metion, M. G. Analytical Absorption Spectroscopy. 1950 
618 pp $12.50 John Wiley & Sons, Inc. (#446) 

Mutarp, E. B. Physical Chemistry for Colleges. 7th Edition 
1953 618 pp $6.50 McGraw-Hill. 

Moetwyn-Huaues, E. A. Physical Chemistry. 
1200 pp $12.50 Pergamon Press, Inc. 

Mo ret, J. L. and B. Surface Activity. 
$12.50° D. Van Nostrand Company, Inc. 

Moore, Water J. Physical Chemistry. 2nd Edition 1955 
633 pp $7.50 Prentice-Hall, Inc 50 

Nacuop, F. C. and ScuusErt, a Editors. Ion Exchange Tech- 
nology. 1956 660 pp $15.00 Academic Press, Inc. (#451) 

Newma\, F. H. and Searue, V.H.L. The General Properties of 
Matter. 5th Edition 1957 430 pp $7.50 St. Martin’s Press, 
Inc. (#452) 

Noyes, Artuur A. and SHerritt, Mites 8. A Course of Study 
in Chemical Principles. 2nd Edition 1938 554 pp $6.50 
The Macmillan Company. (#453) 

Partineton, J. R. Treatise on Physical Chemistry 
(Volume V—Molecular Spectra and Structure, Dielectrics pa 
= Moments) 1954 565 pp $20.00 Longmans, Green & 
Co., Ine. (#454) 

Paut, Martin A. Principles of Chemical Thermodynamics. 
1951 740 10 pp $9.75 McGraw-Hill. (#455) 

PHILLIPS, Crystallography. 2nd Edition 1956 324 pp 
$6.00 bt ol Green & Co., Inc. (#456) 

Pitzer, Kenneta S. Quantum Chemistry. 
$7.50 Prentice-Hall, Inc. 

Pricgocinge, I. and Deray, R. Chemical Thermodynamics. 
1954 543 pp $14.00 Longmans, Green & Co., Inc. (#458) 

Prutton, F. and Maron, Samuet H. Fundamental Prin- 
ciples of Physical Chemistry. 2nd Edition 1951 804 pp The 
Macmillan Company. (#459) 

Rew, C. Excited States in Chemistry and Biology. 1957 215 pp 
$7.50 Academic Press, Inc. (#460) 

Josera and Rar, H. Physico-Chemical Meth- 

. Volume I 5th Edition 1954 751 pp $15.00 D. Van 
Nostrand Company, Inc. (#461) 

Reimty, Joseph and Rar, H. Physico-Chemical 
Methods. Volume II 5th Edition 1954 789 pp $15.00 
D. Van Nostrand Company, Inc. (#462) 

Joseph and Rage, Wituiam H. Physico-Chemical 
Methods. Volume III 5th Edition 1948 675 pp $15.00 
D. Van Nostrand Co., Inc. (#463) 

Ricci, Joun E. Phase Rule and Heterogeneous Equilibrium. 
1951 468 pp  Coilege edition $10.00 Reference edition 
$13.50 D. Van Nostrand Company, Inc. (#464) 

Ross1n1, Freperick D., Editor. Experimental Thermochemistry: 
Measurement of Heats of Reaction. 1956 342 pp $7.80 
Interscience Publishers, Inc. (#465) 

Rutgers, A. J. Physical Chemistry. 1954 824 pp $8.50 
Interscience Publishers, Inc. (#466) 

SanpvErson, R. T. Vacuum Manipulation of Volatile Com- 
pounds. 1948 162 pp $5.50 John Wiley & Sons, Inc. 


(#467) 
SELwoop, Pierce W. Magnetochemisiry. 2nd Edition Re- 
vised 1956 447 pp $11.50 Interscience Publishers, Inc. 


#447) 

1957 Approx 
#448) 

1951 379 pp 
9) 


Sitter, Lars, Lance, W. and GasBRIELSON, Cari O. 
Problems in Physical Chemistry. 1952 370 pp $5.75 Pren- 
tice-Hall, Inc. 

Sséstranp, F. S. and Ruopin, J., Editors. Electron Micros- 
copy: Proceedings of the Stockholm Conference, 

1956. 1957 356 pp $17.50 Academic Press, Inc. 

Smytu, CuHartes P. Dielectric Behavior and "Structure. 1955 
441 pp $9.00 McGraw-Hill. (#471) 

SrernBacu, Otto F. and Kina, Ceci, V. Experiments in Physi- 

cal Chemistry. 1950 256 pp $3.50 American Weck Co. (#472) 
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Strutt, D. R. and Sinxg, G. C., edited by tg Industrial and 
Engineering Chemistry. Thermodynamic P ties of th 
(Advances in Chemistry Series No. 18) 1956 


Elements. 
234 pp $5.00 American Chemical Society. (#473 
Taytor, H. S. and Guasstong, 8S. A Treatise on Physica! 


Chemistry. (Volume I—Atomistics and Thermodynamics } 
3rd Edition 1942 677 pp $12.00 D. Van Nostrand Com- 
pany, Inc. ( #474) 
Taytor, H.S. and Guasstong, 8. A Treatise on Physical Chem- 
istry. (Volume II—States of Matter) 3rd Edition 195! 
701 pp $13.00 D. Van Nostrand Company, Inc. (#475) 
TemperLey, H.N.V. Changes of State: A Mathematical Physi- 
oly Assessment. 1956 335 pp $7.50 Interscience shee 7 
#476) 

Waut, A. C. and Bonner, N. A. Radioactivity Applied io 
Chemistry. 1951 604 pp $10.50 John Wiley & Sons, Inc. 


(#477) 
Werworg, F. E. W. and LeRoy. Principles of Phase Equilibriu. 
1951 200 pp $4.50 McGraw-Hill. (#478) 


ELECTROCHEMISTRY 


Devauay, Paut. New Instrumental Methods in Electrochemistr 
Theory, Instrumentation and Applications to Analytical and 
Physical Chemistry. 1954 455 pp $11.50 Interscience 
Publishers, Inc. (#479) 

GuasstonE, S. An Introduction to Electrochemistry. 1942 
557 pp $7.00 D. Van Nostrand Company, Inc. (#480) 

Potter, E. C. Electrochemistry: Principles and Applications. 
418 pp $10.00 The Macmillan Company. (#481) 

Sueputovsky, T. Electrochemistry in Biology and Medicine. 


1955 369 pp $11.50 John Wiley & Sons, Inc. (#482) 
COLLOID CHEMISTRY 
Becuer, Principles of Emulsion Technology. (Reinhold 


Pilot Book) 1955 160 pp $2.95 Reinhold Publishing Corp. 


(#483) 

Fisoer, E. K. Colloidal Dispersions. 1950 387 pp $11.00 
John Wiley & Sons, Inc. (#484) 
Hauser, Ernest A. Silicic Science. 1955 188 pp $5.00 
D. Van Nostrand Company, Inc. (#485) 
Iter, Rate K. The Colloid Chemistry of Silica and Silicates. 
1955 336 pp $5.50 Cornell University Press. (#486) 
Lewis, WarREN K., Squires, LomBarp, and BrovuGHTon, 
Georrrey. Industrial Chemistry of Colloidal and Amorphous 
Materials. 1942 540 pp $6.00 The Macmillan Company. 


(#487) 
Starr oF INDUSTRIAL AND ENGINEERING CHEMISTRY. Natural 
Plant Hydrocolloids. (Advances in Chemistry Series No. 11) 


1954 103 pp $2.50 American Chemical Society. (#488) 


PHYSICS 


AMERICAN INSTITUTE OF Puysics. American Institute of Physics 
Handbook. 1957 8 Sections $15.00 McGraw-Hill. (#489) 
AMERICAN INSTITUTE OF Puysics. Temperature: Its Measure- 
ment and Control in Science and Indusiry. Volume II 1955 
480 pp $12.00 Reinhold Publishing Corp. (#490) 
BENNETT, CLARENCE E. First Year College Physics. 1950 
Reprinted 1952 208 pp $1.25 Paper Sonal Barnes & Noble, 


BENNETT, CLARENCE E. Physics without Mathematics. 1949 
200 pp $1.25 Paperbound Barnes & Noble, Inc. (#490-2) 
BENNETT. CLARENCE Problems in Physics. Ready late 1957 
Prob $1.75 Paper bound Barnes & Noble, Inc. (#490-3) 
Bertue, H. A. and Satpeter, E. E. Quantum Mechanics of One- 
and Two- Electron Atoms. (Reprinted from the Encyclopedia 
of Physics, Vol. 35, Edited by 8. "Fhen) 1957 Approx 380 pp 


$10.00 Academic Press, Inc. (#491) 
Born, M. and Wo tr, E. Principies of Optics. 1957 Approx 
700 pp Pergamon Press, Inc. (#492) 
Dexker, Aprianus. Solid State Physics. 1957 544 pp $12.00 
Prentice-Hall, Inc. (#493) 
Erron, ALEXANDER. Basic Physics. Volumes I and II 1957 
$8.95 John F. Rider Publisher, Inc. (#494) 


Erricu, F. R., Editor. Rheology: Theory and Applications. 
Volume I 1956 761 pp $20.00 Academic Press, de) 
#4 
Erricu, F. R., Editor. Rheology: Theory and Applications. 
Volume II 1957 Approx 585 pp Approx $16.50 Academic 
Press, Inc. (#496) 
Frevp, F. H. and Franxuin, J. L. Electron Impact Phenoniena 
and’ the Properties of Gaseous Ions. 1957 349 pp §.?) 
Academic Press Inc. (7497) 
Hinz, G. J. and Browne LL, G. L., Editors. Radiation Dosii etry 
1956 932 pp $22.00 Academic Press, Inc. (7498) 
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INTRODUCTION TO ORGANIC CHEMISTRY 


By G. I. Brown, Eton College. A brief text for the beginning course; covers the preparation, 
properties and uses of all simple compounds, with modern methods and processes. August 
1957. 400 pp. 5%by 8in. Figs. $3.50. 


ELEMENTARY PRACTICAL ORGANIC CHEMISTRY 


By Arthur I. Vogel, Woolwich Polytechnic. For an intensive first course, based on 
sound laboratory technique. In three parts, 5% by 8% in.: 


Part I: Small Scale Preparations. Devoted exclusively to small scale preparations, 
using small quantities of materials and appropriate apparatus (obtainable from The 
al and Ealing Corporation, Box 90, Natick, Mass.). April 1957. 362 pp. Figs. $4.50. 


science 
Part II: Qualitative Organic Analysis. Designed to meet the needs of most students 
at all levels of analysis; based on solubilities, class reactions and derivatives. August 
1957. 375 pp. Figs. $4.50. 


Part III: Quantitative Organic Analysis. A comprehensive series of determinations 
based largely on functional groups and including determinations in non-aqueous 
solvents. In preparation; ready January 1958. 


PRACTICAL ORGANIC CHEMISTRY 
By Arthur I. Vogel. A survey of the field, suitable for the advanced student and for the 
chemist. Third Edition. 1956. 1188 pp. 6%by10in. $12.00. 

ORGANIC CHEMISTRY 


By I. L. Finar, Northern Polytechnic, London. In two volumes, 6% by 10 in.: Vol. 
I: Organic Chemistry. Practical, electronic approach, with attention to nomen- 


npany. clature, reaction mechanisms and evidence of structure. Second Edition. 1954. 
(#487) 732 pp. $7.50. 

ura 
fo. 11) Vol. II: Stereochemistry and the Chemistry of Natural Products. Emphasis on 


(#488) measurements, reactions and evidence of structure. 1956. 733 pp. $8.00. 


POLAROGRAPHY and Other Electroanalytical Processes 


ean) By G. W. C. Milner, AERE (Harwell). The uses of electrical devices in analysis. March 
easure- 1957. 729pp. 6 by Qin. 183 figs. $17.50. 


Rare KAYE & LABY’S TABLES OF PHYSICAL AND CHEMICAL CONSTANTS 


Noble, 
90-1 Eleventh Edition, edited by Messrs. Feather, Barrell, Coulson and Scott. 1956. 233 
pp. 6% by 10in. $5.00. 


THORPE’S DICTIONARY OF APPLIED CHEMISTRY 


Fourth Edition, edited by Sir Ian Heilbron and others. Twelve volumes (1937-56), 614 by 9 
in. Vols. I-X, each, $20.00; Vol. XI, $27.50; Vol. XII, Index, $7.00. 


MELLOR’S INORGANIC AND THEORETICAL CHEMISTRY 


Sixteen volumes (1922-37), 6144 by 9 in. Each, $27.50. 
Supplement II, Part I: The Halogens. 1956. 1153 pp. $35.00. 
Supplement II, Part II: The Alkali Metals. In preparation; ready January 1958. 


LONGMANS, GREEN AND CO., Inc. 


55 Fifth Avenue New York 3, N. Y. 
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Heirter, W. Elementary Wave Mechanics; with Applications to 
Quantum Chemistry. 2nd Edition 1956 211 pp $2.90 
Oxford University Press. (#499) 

Kapitan, Irvine. Nuclear Physics. 1955 609 pp $10.00 
Addison-Wesley Publishing Co., Inc. 500) 

Krona, R., Editor. Textbook of Physics. 
Pergamon Press, Inc 

F. Mechanics. 2nd Edition 1957 Approx 

$6.50 Academic Press, Inc. (#502) 

MEEs, omy E. Kennetu. The Theory of the Photographic Process. 
2nd Edition 1954 1133 pp $21.50 The Macmillan Com fsas) 


PrzipraM, K. Irradiation Colours Lyi Luminescence. 1956 
328 pp $10.00 Pergamon Press, I (#504) 
RUNO. Optics. 1957 528 ag "$8.50 Addison-W esley 
Publishing Co., Inc. (#505) 
Morris 'H. and Murpuy, GeorceE M., Editors. Recen 
dvances in Science: Physics and Applied Mathematics. 1956 
6 pp $7.50 Interscience Publishers, Inc. (#506) 
cin] A., Jongs, F, E. and Cuasmar, R. P. The Detection 
— Measurement of Infra-Red Radiation. (Monographs on 
the Physics and Chemistry of Materials Series) 1957 pd 
$11.20 Oxford University Press. (#507) 
Van VALKENBURGH, Noocer & NEVILLE, Inc. Basic Electricity. 
Volumes I, II, II, IV and V 1954 Hard-covered edition 
$11.50 Soft-covered edition $10.00 Individual volumes 
$2.25 each John F. Rider Publisher, Inc. 
Van VALKENBURGH, Noocer & NEvILLE,INc. Basic Electronics. 
Volumes I, II, III, IV and V 1955 MHard-covered edition 
$11.50 Soft-covered edition $10.00 Individual 


$2.25 each John F. Rider Publisher, Inc. (#509) 
Ze.ixorr, M., Editor. The Threshold (Chemical 
Aeronomy-Cambridge, Mass. 1957 nce) $15.00 


Pergamon Press, Inc. # 
ZwIKKER, C. Physical Properties of Solid Materials. 1954 
300 pp $10.50 Pergamon Press, Inc. 


MATHEMATICS 
Anperson, H. V. Chemical Calculations. 6th Edition 1955 
305 pp $4.75 McGraw-Hill. (#512) 


A. and Franxun, N. L. Statistical Analysis of 
Chemistry and the Chemical Industry. 1954 724 pp $9.50 
John Wiley & Sons, Inc. (#513) 

Burineton, Ricwarp S. and May, Donatp C. Handbook of 
Probability and Statistics with Tables. 1953 332 pp $4.50 


BENNETT, C. 


Handbook Publishers, Inc. (#514) 
Crank, JoHn. The Mathematics of Diffusion. 1956 360 pp 
$8.00 Oxford University Press. (#515) 
Danrets, Farrincton. Mathematical Preparation for Physical 
Chemistry. (#516) 


1928 305 pp $4.50 McGraw-Hill, 

and Murpuy, Georce Mosgeuey. The 
Physics and Chemistry. 2nd Edition 1956 

604 pp “Coll ege Edition $7.25 Reference edition $8.75 


D. Van Nostrand Company, Inc. (#517) 
Pace, Cuester H. Physical Mathematics. 1955 329 Col- 
lege edition $6.00 Reference edition $7.50 D. Van Nostrand 
Company, Inc. (#518) 


Sevspy, Samuet M. C.R.C. Standard Mathematical Tables. 
11th 480 pp $3.00 The Chemical Rubber 
Publishing Co., 

SeLBy, SAMUEL Tables from Handbook of 
Chemistry and Physics. 10th Edition 1956 413 pp a 40 


The Chemical Rubber Publishing Co., Inc. (#520) 
YouvsEn, W. J. Statistical Methods for Chemists. 1951 126 pp 
$3.50 John Wiley & Sons, Inc. (#521) 


NUCLEAR SCIENCE | 


Breck, Cuirrorp K. Nuclear Reactors for Research. (The 
Geneva Series on the Peaceful uses of Atomic Energy) 1957 
353 pp $8.50 D. Van ig Company, Inc. (#522) 

Brecxerey, J. G., Kamen, M. D. and Scuirr, L. I., Editors. 
Annual Review of Nuclear Science. Volume VI 1956 471 pp 
$7.00 Annual Reviews, Inc. (#523) 

Comar, C. L. Radioisotopes in Biology and Agriculture. 1955 


472 pp $9.50 McGraw-Hill. (#524) 
FRIeDLANDER, G. and Kennepy, J. Nuclear and Radiochemistry 
1955 468 pp $7.50 John Wiley & Sons, Inc. (4525) 
GLASSTONE, Principles o uclear Reactor Engineering. 
1955 861 pp $7.95" an Nostrand Company, 
6 
Guasstong, 8. Sourcebook on Atomic Energy. 1950 562 pp 
$3.75 D. Van Nostrand Company, Inc. (#527 
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Gurinsky, D. H. and Drengs, G. J. Nuclear Fuels. (The 
Geneva Series ”. the Peaceful Uses of Atomic Energy) 1956 


364 pp $8.50 D. Van Nostrand Company, Inc. (#529) 
Havusner, HENRY H. and Rosorr, StanutEy B. Materials fo; 
Nuclear Power Reactors. (Reinhold Pilot Book) 1955 240 pp 
$3.50 Reinhold Publishing Corp. (#530) 
HOo.LiaAENDER, ALEXANDER, Editor. Radiation Biology. Volume 
I, II, and III 2101 pp $35.50 McGraw-Hill (#531-533) 
Huaues, D. J., McLain, S. and S., Editors. First 
Nuclear Engineering and Sci ‘ongress, ‘Cleveland, Ohic. 
Volume I—Problems in Nuclear Engineering 1957 $17.50 
Pergamon Press, Inc. (#534) 
Hugues, D. J., McLain, 8. and S., Editors. First 
Nuclear Engineering and Science Congress, ‘Cleveland, Ohio. 
Volume II—Reactor Operational Problems. 1957 $17.50 
(Set of two volumes $30.00) Pergamon Press, Inc. (#535) 
Kamen, M. D. Isotopic Tracers in Biology: An Introduction ‘o 
Tracer Methodology. 3rd Edition Volume I—Organic and 
Biological Chemistry: A Series of Monographs 474 pp $9.50 
Academic Press, Inc. (#536) 
Kays, Witiiam M. and Lonpon, A. L. Compact Heat Er- 
changers. 1955 156 pp $5.00 National Press. (#537) 
Lrrrier, D. J. and Rarriz, J. F. An Introduction to Reactor 
Physics. 2nd Edition Revised VolumeI 1955 196 pp $5.50 
Pergamon Press, Inc. (#538) 
LusTMAN, BENJAMIN and Kerze, FRANK, Jr., Editors. The 
Metallurgy of Zirconium. 1955 776 pp $10.00 
#539) 
McCut.ovuan, C. Rogers. Safety Aspects of Nuclear Reactors. 
(The Geneva Series on the Peaceful uses of Atomic Energy) 


1957 $8.50 D. Van Nostrand Company, Inc. (#540) 
Murray, Raymonp L. Introduction to Nuclear Engineering. 
1954 418 pp $8.50 Prentice-Hall, Inc. (#541) 
Murray, Raymonp L. Nuclear Reactor Physics. 1957 368 pp 
$10.00 Prentice-Hall, Inc. (#542) 


Ninincer, Rosert D. Exploration for Nuclear Raw Materials. 
(The Geneva Series on the Peaceful Uses of Atomic Energy) 
1956 293 pp $8.50 D. Van Nostrand Company, Inc. 

54 


3 
NInINnGER, Ropert D. or Atomic Ener: 2nd Edi- 


tion 1956 400 pp $8.50 an Nostaad Oc ety, Ine. 
#544 
Pickarp, JAMES K. Nuclear Power Reactors. (The Geneva 


Series on the Peaceful Uses of Atomic Energy) 1957 About 
374 P $8.50 D. Van Nostrand Company, Inc. (#545) 
Price, B. T., Horton, C. C. and Spinney, J. Radiation Shield- 
ing. 1957 240 pp $10.00 Pergamon Press, Inc. (#546) 
RankaMa, K. Isotope Geology. 1954 535 pp $12.00 Perga- 
mon Press, Inc. (#547) 
SeazorG, GLENN T. and Karz, Josepn J., Editors. The Actinide 
Elements. 1954 870 pp $11.75 McGraw-Hill. (#548) 
SINGLETON, Rateu. Nuclear Radiation in Food and Agriculture. 
(The Geneva Series on the Peaceful Uses of Atomic Energy) 
1957 $8.50 D. Van Nostrand Company, Inc. (#549) 
SomMERVILLE, J. L. The Isotope Index. 2nd Edition 1957 
100 pp $3.00 U.S. and Canada ($3.50 Foreign) — 
Scientific Equipment Corp. (#550) 
TitTrerTON, E. W. Facing the Atomic Future. 1956 380 pp 
$5.00 St. Martin’s Press, Inc. (#551) 
Wenpt, Geratp. The Prospects of Nuclear Power and Tech- 
soley. 1957 348 pp $6.00 Unesco Publications Center, 
U. S. A. (#552) 


Wenpt, Geratp. You and the Atom. 1956 96 pp $1.95 
Unesco Publications Center, U. 8. A. (#553) 
Unrtep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
I—The World’s Requirements for Energy: Role ef Nuclear Power. 
1956 479 pp $8. 00 Columbia University Press. (#554) 
Unitep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
II—Physics, Research Reactors. 1956 478 pp $8.00 Colum- 


bia University Press. (#555) 
Unirep Nations. Peaceful Uses ic Energy: Proceedings 
of the International Conference in A 11955. Volume 


11I—Power Reactors. 1956 389 pp $7. Columbia Uni- 
versity Press. (#556) 
Unitep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Agee 1956. ge 
1V—Cross-Sections I Reactor Design. 
$7.50 Columbia Universit Cy 
Unitep Nations. Peaceful Uses ee f Atomic Energy: Proceeding 
of the International Conference in , August 1955. Volume 
V—Physics of Reactor . 1956 545 pp $9.00 Columbia 
University Press. (#558) 
oe Nations. Peaceful Uses of Atomic Energy: Proceedings 
Conference in ,A t 1955. Volume 
of Uranium = Thorium. 1956 825 pp $:.00 
Columbia (#559) 
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i, | ILASSTONE, 5S. an DLUND, Miuton C. The Elements of Nu- 

; clear Reactor Theory. 1952 416 pp $5.50 D. Van Nostrand, 

Company, Inc. (#528) 


NUCLEAR SPECIES 


H. E. Huntley, B.Sc., Ph.D., F. 
Inst. P. 

For the general reader with scien- 
tific training who wants to survey 
the whole family of isotopes, both 
natural and artificial, as one inte- 
grated group. 

1954. $4.50 


A FURTHER HANDBOOK 
OF INDUSTRIAL 
RADIOLOGY 
Edited by W. J. Wiltshire, B.A., F. 

Inst. P. 
A new volume by members of the 
Non-Destructive Testing Group of 
the Institute of Physics. 175 illus- 
trations. 


1957. $12.50 


CRYSTALS AND 
POLARIZING 
MICROSCOPE 

N. H. Hartshorne, Ph.D., M.Sc., 
and A. Stuart, M.Sc., F.G.S. 
The second edition of this hand- 
book for chemists and others. 
1950. $12.50 


THEORETICAL 
STRUCTURAL 
METALLURGY 
A. H. Cottrell, Ph.D., B.Sc. 
The second edition of a standard 
work written for metallurgists with 
the mathematics kept as simple as 
possible. 
1955. 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


A TEXTBOOK OF 
METALLURGY 
A. R. Bailey, M.Sc., A.I.M. 
An introduction to the principles of 
physical and process metallurgy. 
Fully illustrated. 
1954. $8.00 


PAPER 
CHROMATOGRAPHY 


Friedrich Cramer 

An English translation of the sec- 
ond German edition, by Leighton 
Richards, B.Sc. 

1954. $5.00 


THE AROMATIC 
DIAZO-COMPOUNDS 
AND THEIR TECHNICAL 
APPLICATIONS 

K. H. Saunders, M.C., M.A. 
A second edition of a book which 
contains a wealth of theory and 


practice in admirable association. 
1949. $12.50 


AN INTRODUCTION TO 
METALLIC CORROSION 

U. E. Evans, M.A., Se.D., F.R.S. 

A student’s textbook based on the 
larger book. 


MACMILLAN & CO., ITD. 


ST MARTIN'S STREET, LONDON W.c. 2 


BOMBAY CALCUTTA 
MADRAS MELBOURNE 


TOXIC SOLVENTS 


Ethel Browning, M.D., with a fore- 
word by J. Davidson Pratt, Direc- 
tor of the Assoc. of British Chemi- 
cal Manufacturers 

For managers, chemists, engineers 
and safety officers in factories 
where toxic solvents are manufac- 
tured or used. 

1953. $4.50 


A SHORT HISTORY 
OF CHEMISTRY 


J. R. Partington, M.B.E., D.Sc. 

A new third edition of this clear 
and authoritative survey of the sub- 
ject. Illustrated. 

1957. $3.75 


SIR RICHARD GREGORY, 
His Life and Work 


W. H. G. Armytage 

A sympathetic and admiring ac- 
count of Richard Gregory who from 
1893 to 1939 first as assistant edi- 
tor and then as editor selected and 
solicited the material that made 
Nature the world’s most highly re- 
spected scientific journal. 

1957. $5.00 


A LIFE OF SIR WILLIAM 
RAMSAY, K.C.B., F.R.S. 


Morris W. Travers, F.R.S. 
Professor Travers bases his life 
story on the correspondence be- 
tween Ramsay and his family, and 
with scientific colleagues all over 
the world. Illustrated with ten 
plates and 47 illustrations in the 
text. 

1956. $12.50 


THE MACMILLAN COMPANY OF CANADA LTD. 
ST MARTIN'S HOUSE, TORONTO 
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Unirep Nations. Peaceful Uses uf Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
Vil—Nuclear Chemistry and the Effects of Irradiation. 1956 
691 pp $10.00 Columbia University Press. (#560) 

Unitep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
VIII—Production Technology of the Materials Used for Nuclear 
Energy. 627 pp $10.00 Columbia University ay 1) 

Unirep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, A 11955. Volume 
1X—Reactor Technology and Chemical Processing. 771 pp 
$10.00 Columbia University Press. (#562) 

Unitep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in eva, August 1955. Volume 
X—Radioactive Isotopes and Nuclear Radiations in Medicine. 
1956 544 pp $8.00 Columbia University Press. (#563) 

UNITED Satie. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
XI—Biological Effects of Radiation. 1956 402 pp $8.00 
Columbia University Press. (#564) 

Unitep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in eva, August 1955. Volume 
XII—Radioactive Isotopes and Radiations in Agricul- 
ture, Physiology and Biochemistry. 1956 553 pp $9.00 
Columbia University Press. (#565) 

Unitrep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
XIII—Legal, Administrative, Health and Safety Aspects of 
Large Scale Use of Nuclear Energy. 1956 393 pp $7.00 
Columbia University Press. (#566) 

Unrirep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. — 

XIV—General Aspects of the Use of Radioactive Isotopes: Dos- 
imetry. 1956 312 pp $6.50 Columbia University (gear, 

Unrirep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
XV—Applications of Radioactive Isotopes and Fission Products 
in Research and Industry. 1956 327 pp $7.50 Columbia 
University Press. (#568) 

Unrrep Nations. Peaceful Uses of Atomic Energy: Proceedings 
of the International Conference in Geneva, August 1955. Volume 
XVI—Record of the Conference. 1956 203 pp $5.00 Colum- 
bia University Press. (#569) 


CHEMICAL ENGINEERING 


Boswortu, R. C. Transport Processes in Applied Chemistry. 
1956 387 pp $12.00 John Wiley & Sons, Inc. (#570) 
Bruce, F. R., Fuercuer, J. M., Hyman, H. H. and Karz, J. J., 
Editors. Process Chemistry. ’ (Progress Nuclear Energy ’Series 
III) 1956 Volume I 408 pp $12.00 Pergamon 
1 

CappE.L, J. R. Fluid Flow in Practice. 1956 125 pp $3.00 
Reinhold Publishing Corp. (#572) 
Corcoran, W. H., Oprett, J. B. and Sacz, B. H. Momentum 
Transfer in Fluids. 1956 394 pp $9.00 Academic Pre 
#573 

Cremer, H. W., Editor. Chemical Engineering Practice. Vol- 
— I—General. 1956 508 pp $17.50 Academic (ysvas 
nc. #574 


Cremer, H. W., Editor. Chemical Engineering Practice. Vol- 
ume II—Solid State. 655 pp $17.50 Academic sin a7) 
# 


Cremer, H. W., Editor. Chemical Engineering Practice. Vol- 
ume III—Solid Systems, Part I 1957 552 pp $17.50 Sub- 
scription price on orders for complete 12 volume set plus index 
volume, $13.30 per volume Academic Press, Inc. (#576) 

Coutson, J. M. and Ricwarpson, J. F. Chemical Engineering. 
Volume I—Fluid Flow, Heat and Mass Transfer. 1954 
370 pp $7.50 Pergamon Press, Inc. (#577) 

Coutson, J. M. and Ricwarpson, J. F. Chemical Engineering. 
Volume II—Unit Operations. 1955 592 pp $9.00 Pergamon 
Press, Inc. (#578) 

Davis, Date 8. Nomography and Empirical Equations. 1955 
242 pp $6.75 Reinhold Publishing re (#579) 

DreisBacu, Rosert R. P-V-T Relationships of Organic Com- 
pounds. 3rd Edition 1952 315 pp $10.00 Handbook 
Publishers, Inc. (#580) 

Drew, T. B. and Hoopss, J. W., Jr., Editors. Advances in 
Chemical Engineering. Volume I’ 1956 448 pp $10.00 Aca- 
demic Press, Inc. (#581) 

ForBes-SHARPLEY, Editor. Chemical Engineering in the Coal 
Industry. Symposium 1957 $8.50 Pergamon Pree, sae 

Grirritu, R. H. Contact Catalysis. 3rd Edition 1957 300 pp 
$8.00 Oxford University Press. (#583) 
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GyNGELL, E.S. Applied Chemistry for Engineers. 2nd Edition 
1951 332 pp $5.50 St. Martin’s Press, Inc. (#584) 
aes. James I. Chemical Engineering in Practice. 1954 
5 if $3.95 Reinhold Publishing Corp. (#585) 
Hun JAMES. Chemical Process Economics in Practice. 19:6 
re... ae $3.95 Reinhold Publishing Corp. (#586) 
ursT, R. and McLarn,§8., Editors. Technology and Engineerin. 

Progress Nuclear Energy Series IV) VolumeI 1956 433 pp 


$12.00 Pergamon Press, Inc. (#587) 
INDUSTRIAL AND ENGINEERING CHEMISTRY, Editors. Modern 
Chemical Processes. VolumeIV 1956 202pp $5.00 Rein- 
hold Publishing Corp. (#583) 
KAMMERMEYER, Kart and OsBurRN, JAMES. Process Calculations. 
1956 188 pp $4.00 Prentice-Hall, Inc. (#589) 
Kose, Kennetu A. Chemical Engineering How to 
Search the Literature and Prepare a Re 4th Edition 
Revised and rewritten 1957 183 pp 00 Interscience 
Publishers, Inc. (#596) 


Kowa.keg, Orto L. Fundamentals in Chemical Process Calcu/a- 
tions. 1947 158 pp $3.90 The Macmillan Company. 


(#591) 
MALLETTE, FREDERICK 8. Problems and Control of Air Pollution. 


1955 280 PP, $7.50 Reinhold Publishing Corp. (#592) 
MaxwELL, J. Data Book on Hydrocarbons. 19 270 pp 
$6.00 D. Van Nostrand Company, Inc. (#593) 
NEILSEN, CHARLES H. Distillation in Practice. 1956 150 pp 
$3.00 Reinhold Publishing Corp. (#594) 
OruMeR, Donatp F. Fluidization. 1956 240 pp $7.00 
Reinhold Publishing Corp. (#595) 


Perry, Joun H., Editor. Chemical Engineers’ Handbook. 3rd 
Edition 1950 1942 pp $18.50 (text edition available) 
McGraw-Hill. (#596) 

Pripparp, A. J.S. and Baker, J. F. The Analysis of Engineering 
Structures. 3rd Edition 1957 564 pp $15.00 St. Martin’s 
Press, Inc. (#597) 

Plant and Process Dynamic Characteristics. Proceedings of a 
Conference held at Cambridge, England (April 4-6, 1956) 

‘under the Auspices of the Society of Instrument Technology. 
1957 246 pp $8.80 Academic Press, Inc. (#598) 

Proceedings of the 1954 Amsterdam Conference on Oxidation Process. 
1954 136 pp $5.50 Pergamon Press, Inc. 

E. RaymMonp. Chemical Process Machinery. 
tion 1953 743 pp $12.50 Reinhold Publishing Corp. 


(#600) 
Srearns, Rei F., et al. Flow measurement with Orifice Meters. 
1951 384pp $8.00 D. Van Nostrand Co., Inc. (#601) 


INDUSTRIAL CHEMISTRY 


ANDERSEN, A. J.C. Margarine. 1954 327 pp $10.50 Perga- 
mon Press , Inc 602) 
ANDERSEN, A. ry Cc. Refining of Oils and Fats. 
$7.00 Pergamon Press, Inc. 
Bennett, H. Chemical Formulary. Volume X 1957 302 | 
$8.00 Chemical Publishing Co., Inc. 
Bocuz, R. H. The Chemistry of Portland Cement. 2nd Bdition 
1955 828 pp $16.50 Reinhold Publishing Corp. (#605) 
Boner, C. J. Manufacture and Application of Lubricating 
Greases. 1954 982 pp $18.50 Reinhold Publishing pron 
#606) 
Brag, J.S.S. and Kine, J.G. Fuel: Solid, Liquid and Gaseous. 
5th Edition 1955 580 pp $11.50 St. Martin’s ita = 
#607) 
CaLKIN, JoHn B. Modern Pulp and Paper Making. 3rd Edi- 
tion 1957 700 pp $10.00 Reinhold Publishing Ona 
608} 
Caruson, ALBERTS. Economic Geography of Industrial Materials. 
1956 540 pp $12.50 Reinhold Publishing Corp. (#609) 
Cuappock, Ricuarp 8. Chemical Market Research in Practice. 
1956 208 pp $3.00 Reinhold Publishing Corp. (#610) 
Comsustion Institute. Fifth Symposium (International) on 
Combustion: Combustion in Engines and Combustion Kinetics. 
1955 828 pp $18.00 Reinhold Publishing Corp. (#611) 
Cortey, H. M. Successful Commercial Chemical Development. 
1954 oo kt $8.50 John Wiley & Sons, Inc. (#612) 
DOooLittLe K. ar of Solvents and Plasticizers. 1954 
1056 pp $22.50 John Wiley & Sons, Inc. (#613) 
Durrans, T. H. Solvents. 6th Edition 1950 202 pp $8.00 
D. Van Nostrand Company, Inc. (#614) 
Ecxuey, E. W. and Minter, Lawrence P. Vegetable Fats and 
Oils. (ACS Monograph ‘No. 123) 1954 864 pp $17.50 
Reinhold Publishing Corp. (#615) 
Farru-Keyes-Ciark. Industrial Chemicals. 2nd Edition 
ag 1957 Approx 850 pp Prob $16.00 John Wiley a aes 
616) 
vue, L. H. and Garpner, W.H. Maleic Anhydride Derivat ves. 
1952 24, $8.00 John Wiley & Sons, Inc. (#617) 
Furnas, C Research in Industry. 1948 585 pp $%.50 
D. Van Nostrand Company, Inc. (#018) 
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BETHE, H. A., AND SALPETER, E. E. 
QUANTUM MECHANICS OF 
ONE- AND TWO-ELECTRON ATOMS 
(Reprinted from the Encyclopedia of Physics, 
Vol. 35. Edited by e* Fliigge) 
Fall 1957, about 380 pp., illus., $10.00 


BRACHET, J. 
BIOCHEMICAL CYTOLOGY 
August 1957, 516 pp., illus., $8.80 


Bray, H. G., AND WuireE, K. 
KINETICS AND THERMODYNAMICS 
IN BIOCHEMISTRY 
May 1957, 343 pp., illus., $7.50 


Co.towick, S. P., AND KapLan, N. O. (eds.) 
METHODS OF ENZYMOLOGY 
Set now complete 
Volume 4. Special Techniques 
September 1957, about 930 pp., illus., approx. $22.00 


Erricu, F. R. (ed.) 
RHEOLOGY: Theory and Applications 
Volume 2 
Fall 1957, about 585 pp., illus., approx. $16.50 


FIELD, F. H., AND FRANKLIN, J. L. 
ELECTRON IMPACT PHENOMENA AND 
THE PROPERTIES OF GASEOUS IONS 
August 1957, 349 pp., illus., approx. $9.00 


GRONWALL, A. 
DEXTRAN AND ITS USE IN 
COLLOIDAL INFUSION SOLUTIONS 
April 1957, 156 pp., illus., $4.00 


HoacLanp, H. (ed.) 
HORMONES, BRAIN FUNCTION, AND BEHAVIOR 
February 1957, 257 pp., illus., $7.00 


KAMEN, M. D. 
ISOTOPIC TRACERS IN BIOLOGY 
An Introduction To Tracer Methodology 
Third Edition 
June 1957, 474 pp., illus., $9.50 


KAUZMANN, W. 
QUANTUM CHEMISTRY 
An Introduction 
January 1957, 744 pp., illus., $12.00 


LinsTEaD, R. P., AND WEEDON, B. C. L. 
A GUIDE TO QUALITATIVE 
ORGANIC CHEMICAL ANALYSIS 
January 1957, 169 pp., illus., $4.50 


QUANTUM MECHANICS 
Second Edition 
September 1957, about 250 pp., illus., $6.50 


MANDL, F 


Detailed literature available upon request 


ACADEMIC PRESS INC. 


PUBLISHERS 


111 Fifth Avenue, New York 3, New York 


=1957 ACADEMIC PRESS PUBLICATIONS=| 


MEHLER, A. 
INTRODUCTION TO ENZYMOLOGY 
Fall 1957, about 500 pp., illus., approx. $10.00 


MEIsTER, A. 
BIOCHEMISTRY OF THE AMINO ACIDS 
June 1957, 485 pp., illus., $10.00 


Pieters, H. A. J., AND CREYGHTON, J. W. 
SAFETY IN THE CHEMICAL LABORATORY 
Second Edition 

April 1957, 258 pp., illus., $7.50 


PLANT AND PROCESS 
DYNAMIC CHARACTERISTICS 
Proceedings of a Conference (Cambridge, England) 
aimed at suggesting new methods of designing 
plants and controlling processes. 
April 1957, 246 pp., illus., $8.80 


PiGMAN, W. W. (ed.) 
THE CARBOHYDRATES 
Chemistry, Biochemistry, Physiology 
September 1957, 902 pp., illus. Prepublication price, 
valid on orders received before October 1, 1957, 
$18.00—T hereafter $20.00 


PLANT PROTECTION CONFERENCE 1956 
Proceedings of a Conference devoted to crop 
breeding and insect control. 


April 1957, 315 pp., illus., $9.00 


Rep, C. 
EXCITED STATES IN CHEMISTRY AND BIOLOGY 
July 1957, 215 pp., illus., $7.50 


ROBERTSON, A. J., et al. 
LABORATORY GLASS-WORKING FOR SCIENTISTS 
April 1957, 200 pp., illus., $4.00 


SCHNITZER, R. J., AND GRUNBERG, E. 
DRUG RESISTANCE OF MICROORGANISMS 
April 1957, 395 pp., illus., $10.00 


SJOsTRAND, F. S., AND RHopIn, J. (eds.) 
ELECTRON MICROSCOPY 
Proceedings of the Stockholm Conference, Septem- 
ber, 1956 
July 1957, 356 pp., 7" X 10", 488 figs., $17.50 


Szent-GyOrcyl, A. 
BIOENERGETICS 
April 1957, 143 pp., illus., $4.50 


THompson, R. H. S., AND Kina, E. J. (eds.) 
BIOCHEMICAL DISORDERS IN HUMAN DISEASE 
July 1957, 842 pp., illus., $12.60 
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Let’s Look It Up!....A Checklist 


Chemical & General Reference 


HANDBOOK OF CHEMICAL DATA by 


F. W. Atack. The most convenient, pocket 
size handbook ever available containing the facts 
all active chemists need. Clear, relevant tables 
of physical constants and properties condenses 
volumes of important information into one, light- 
weight book that is easely taken 


QUALITY CONTROL AND STATISTICAL 
METHODS, New 2nd Edition by E. M. 


Schrock. In clear, straight-forward language, 
this book takes you step-by-step through the 
operations of applying statistical methods to the 

roblems of modern industrial quality control. 
New techniques and developments which have 
occurred since the first edition are included, and 
all material is in accordance with generally ac- 
cepted practices and standards. 1957, $6.75 


SOURCEBOOK OF INDUSTRIAL SOL- 
VENTS, Vol. I: Pure Hydrocarbons, 

Ibert Mellan. To be published in five volumes, 
this first volume is devoted to pure hydrocarbons 
of all types—paraffins, naphthenes, aromatics, 
terpenes, etc.—arran, according to distillation 
For each solvent, a wide spectrum of 


point. 

rties is gi in time-saving, tabular form. 
properties is given in tim ng 
FASTENERS HANDBOOK by Julius 


Soled. Provides ready, up-to-date answers to 
fastener problems in all fields. Pertinent data, 
huadreds of illustrations, and full page de- 
scriptions supply detailed information on current 
fast 8 lud tandard and proprietary 
fasteners from all manufacturers. Only k to 
relate actual fastener uses in one industry to 
those of another. 1957, $12.50 


ENCYCLOPEDIA OF CHEMISTRY, edit- 
ed by Clark and Hawley. The first com- 


plete, multi-author one-volume reference covering 
a broad spectrum of chemically important sub- 
jects. Over 800 articles. 500 contributors, and 
1,000 pages of remarkably condensed, authorita- 
tive information on modern chemistry from Abra- 
sives through Zirconium. No other single volume 
offers so much to all workers in chemistry and in 
the dozen or more sciences that border on it. 
1957, $19.50 


DOCUMENTATION IN ACTION, edited 

Shera, Kent, and Perry. Brings to- 
gether for first time the many diverse documenta- 
tion interests, with most recent advances of sys- 
tems and equipment in effectively using, organiz- 
ing and storing recorded information. Leads di- 
rectly to improved document service for busi- 
nesses, technical developments, research groups, 
professional men, libraries. 1956, $10.00 


THE CONDENSED CHEMICAL DICTION- 
ARY, New 5th Edition edited by Arthur 


and Elizabeth Rose. Over 30,000 revised, 
up-to-date entries; 1,220 double-column pages 
as compared with 760 pages in the previous edi- 
tion; more than 6 years in preparation; enor- 
mously expanded trade name information ob- 
tained directly from producers; thumb-indexed 
for quick reference; larger, easier-to-read print. 
1956, $12.50 


CATALYSIS, Volume 5, edited by Paul 
H. Emmett. The newest volume in the most 
Spremepasing treatise on the physical chemistry 
of catalysis and catalytic processing ever pub- 
lished. Covers hydrogenation, oxo-synthesis, 
hydrocracking, hydrodesulfurization, hydrogen 
isotope exchange and related catalytic reactions. 

1957, $15.00 


Hawley's TECHNICAL SPELLER by 6G. 


G. Hawley. A qk. convenient guide to 
thousands of difficult technical words used in 
gavses. electronics, engineering, chemistry, etc. 

‘echnical writers and secretaries who take tech- 
nical dictation will find this book a handy time- 
saver. 1955, $2.95 


INSTRUMENTS FOR MEASUREMENT 
AND CONTROL by Werner G. Hol:z- 


’ k. Describes and illustrates all recent de- 
vices for measuring and controlling temperature, 
moisture, pressure, flow, uniformity, ete. Dis- 
cusses the design, construction and operation and 
comparison factors to ider in choosing the 
proper instrument for a particular job. 

1955, $10.00 


COMPUTERS: Their Operaton and Ap- 
lications by Berkeley and Wainwright. 
escribes and illustrates the techniques and 

equipment of automatic computing. Explains 

in detail machines which have achieved maximum 
effectiveness, basic concepts which will underlie 
future developments, and areas where more in- 
formation is needed. Covers many applications 
in business and industry. 00 


ECONOMIC GECGRAPHY OF INDUS- 
TRIAL MATERIALS, edited by Albert S. 


Carlson. 500 pages of vital economic facts b: 
27 experts! Such factors as location, climate, soil, 
topography, water resources, minerals, fuels, 
labor, capital, management, transportation and 
markets are discu and evaluated to show 
profitable trends and conditions for many key 


industries. 1956, $12.50 
INFORMATION PROCESSING EQUIP- 
MENT, edited by M. P. Doss. Sponsored 


by the Division of Chemical Literature of the 
American Chemical Society, this valuable book 
fully describes all the modern equipment used to 
prepare, reproduce and utilize written informa- 
tion. 1955, $8.75 


HANDBOOK OF DANGEROUS MATE- 
RIALS by N. Irving Sax. An amazingly 


complete reference offering invaluable informa- 
tion to those directly concerned with safety prob- 
lems. Not only includes hazards of general 
chemicals, but also covers explosives, fungus in- 
fections and radiation safety. -Presents informa- 
tion on toxicity, flammability, storage, handling, 

hysical properties, and latest I.C.C. Shipping 

egulations. 1951, $17.50 


CHEMICAL MARKET RESEARCH IN 
PRACTICE. Edited by R. E. Chaddock. 
22 experts cover every phase of the subject from 
the evolution of chemical market research, its 
relationship to basic research, products and 
markets to actual case studies. Emphasizes or- 
anization, personnel, market surveys, literature, 
eld work and reports, and includes lists of in- 
formation sources. 1956, $3.00 


PACKAGING ENGINEERING by L. F. 
rail, Describes ali packaging materials, 
their best uses, and methods employed by pack- 
aging engineers to obtain the most efficient re- 
sults at lowest possible cost. Covers types of 
containers, machinery, package design, protec- 
tion against deterioration, labeling, testing, and 

all other engineering and design aspects. 
1954, $9.50 


THE TECHNICAL REPORT: Its Prepara- 
tion and Use in Government and Indus- 
try, edited by B. H. Weil. From the con- 
ception of its need to finai destination and use, every 
phase of the technical report is fully covered. It 
will prove of great value to any engineer who 
must prepare or depend on reports for precise 
communication. 1954, $12.00 
DETERIORATION OF MATERIALS: 
Causes and Preventive Techniques, 
edited by Glenn A. Greathouse. Expert 
information by 24 specialists on what you can do 
to protect valuable materials and equipment. 
Describes the nature of deterioration processes 
and preventive measures to prolong the life of 
everything from raw materials to finished products 

1954, $14.00 


Analytical Chemistry 


GAS CHROMATOGRAPHY by 4. I. M. 
ulemans. The modern magic of gas 


chromatography is now for the first time com- 


pletely spelled out in both its practical and 
theoretical aspects. Here is a concise practice 
manual and an authentic, up-to-the-minute 
summary of the field written by chemists who 
have been among the most active investigators 
of all varieties of chromatography. 1957, $7.50 


ADVANCED ANALYTICAL CHEMISTRY 
by Wagner, Hull and Markle. First to 
cover newest chemical and physiochemical meth- 
ods of inorganic analysis as well as established 
classical methods. Describes gas analysis, ther- 
mogravimetric analysis and statistical proce- 
dures for the first time in a book of this kind. 
1956, $6.00 


QUALITATIVE ORGANIC ANALYSIS by 
Alexander McGookin. A practical scheme 
of organic analysis used successfully by the aut ior 
for over 30 years with all types of chemistry 
students. Emphasizes scientific method rather 
than mere laboratory technique, and outlines 
each method in terms of experiment—obserya- 
tion—inference to show the reader what to look 
for and how to work out the necessary steps. 
1955, $4.50 


NEW METHODS ANALYTICAL 
CHEMISTRY by Belcher and Wilson. 
Offers a selected group of analytical methods that 
have been either only very recently discovered, 
or have been hidden in the vast literature of 
analytical chemistry. Most of the methods jaye 
been tested by the authors themselves; others 
have been recommended by outstanding investi- 
gators. All are based on ues. 

$6.00 


Chemical Engineering 


CHEMICAL PROCESS ECONOMICS IN 
PRACTICE, edited by J. J. Hi Sound, 


ur. 
practical information on the methods and ter- 
minology of the accountant and economist as 
they are actually used in the process industries, 
These discussions by nine recognized experts are 
the results of the fourth ‘‘Experience in Industry” 
Symposium, and present the latest thinking on 
economic control. 956, $3.95 


FLUID FLOW IN PRACTICE edited by 

. Reviews basic principles in- 
volved in fluid flow; discusses problems in de- 
sign, in the selection of components, and in 
operation and int of equip t; and 
describes trends in research and applications to 
process design. 


DISTILLATION IN PRACTICE, edited 

C. H. Nielsen. Covers the most recent 
developments in distilling techniques, column 
design, techniques of petroleum fractionation, 
instrumentation, operation of distillation equip- 
ment and commercial aspects of vacuum dis- 
tillation. 1956, $3.00 


FLUIDIZATION, edited by D. F. Othmer 
An integrated description of the scientific and 
engineering aspects of fluidization written in the 
words of engineers who originated and developed 
this important technique. Discusses mass and 
heat transfer, hydromechanics, design and opera- 
tion of plants, and the present and future appli- 
cations in the processing industries. 1956, $7.00 


PROBLEMS AND CCNTROL OF AIR 
POLLUTION by the Committee on Air- 


Pollution Controls, ASME, Based on the 
papers presented at the First Internationa] Con- 
gress on Air Pollution by the world’s foremost 
authorities in the field. 5 


NOMOGRAPHY AND EMPIRICAL EQUA- 
TIONS by Dale S. Davis. Explains the 
many engineering applications and shows how to 
employ industrially important alignment and 
line co-ordinate charts to speed up daily on-the- 
job calculations. 1955, $6.75 


Organic Chemistry 


ORGANIC SYNTHESIS—in Two Volumes 
by Vartkes Migrdichian. The most sys 
tematic, fully integrated, and up-to-date pres 
entation of organic synthesis in all its aspects 
ever published! Great emphasis is put on the 
later advances, the ‘‘name’’ reactions, the olefins 
and acetylenic compounds, and many other 
All standard methods are completely covered. 
This is a truly monumental work that stands 
unchallenged in the field. 

2 Volumes, 1957, $35.00 (Not sold separately 


THE CHEMISTRY OF PETROCHEMICALS 

M. J. Astle. Current, systematic, highly 
readable survey of the industry. Describes prep- 
aration and important reactions of industrial 
chemicals made directly or indirectly from petro 
leum hydrocarbons. Covers reaction, conditions, 
catalysts used, special equipment, and latest 


theoretical and practical developments. 
1956, $6.50 
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GueExicu, JosepH. Chemical Safety Supervision. 
$4.50 Reinhold Publishing Corp. (#619) 
GuentHer, Ernest. The Essential Oils. (Volume I) 
458 pp $8.00 D. Van Nostrand Company, Inc. 
GuENTHER, Ernest and ALTHAUSEN, DARRELL. 
Oils. (Volume II) 1949 868 pp $12.50 D. Van Nostrand 
Company, Inc. (#621) 
GUENTHER, ap ge The Essential Oils. (Volume III) 1949 
805 pp $12.50 D. Van Nostrand ony Inc. (#622) 
GuENTHER, Ernest. The Essential Oils olume IV) mee 
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loids. 1950 384 pp $9.00 D. Van Nostrand vicsiren: mo 
#626 
Homan, E., Lunpsere, W. O. and Matxin, T., Editors. Prog- 
ress in the Chemistry of Fats and Other ‘Lipids. Volume I 
1952 186 ee $12.00 Pergamon Press, Inc. (#627) 
Homan, E., Lunppera, W. O. and Makin, T., Editors. Pr 
ress in the Chemistry’ of Fats and Other Lipids. Volume II 
1954 347 pp $12.00 Pergamon Press, Inc. (#628) 
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1954 692 pp $12.50 John Wiley & Sons, Inc. (#631) 
Kirx, Raymonp E. and Otrumer, Donato F., Editors. En- 
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with Index to entire work. 1957 Approx. 960 pp per volume 
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science Publishers, Inc. (4632 to #632-14) 


KitrcHEner. Jon Exchange Resins. 1957 (?) $(?) 
John Wiley & Sons, Inc. #633 
Kose, KENNETH A. Tnorganic Process Industries. 1948 371 pp 


$6.50 The Macmillan (#634) 
Lea, F. M. and Descu, C The Chemistry of Cement and 
Concrete. 2nd Edition 1956 650 pp $15.00 St. Martin’s 
Press, Inc. (#635) 
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Morey, Georce W. The Properties of Glass. ( 
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$8.75 Reinhold Publishing Corp. (#641) 
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‘Prerers, H. A. J. and CreyGuTon, J. W. Safety in the Chemical 
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ume of Raw Materials) 5th Edition 1942 


459 pp $11.00 D. Van Nostrand Company, Inc. (#645) 
PovucHErR, WILLIAM A. Perfumes, Cosmetics and Soaps. (Vol- 
ume II—Production, Manufacture and Application of Per- 
fumes of all Types) 6th Edition 1942 430 pp $11.00 
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1949 1020 pp $9.00 Reinhold Publishing (#648) 
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Solvents. 1953 728 pp $11.50 D. Van Nostrand Company, 
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Scurock, Epwarp M. Quality Control and Statistical Methods. 
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Scuwartz, A. M. and Perry, J. W. Surface Active Agents: 


Their Chemistry and Technology. Volume I 1949 590 pp 
$10.00 Interscience Publishers, Inc. (4682) 
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Their Chemistry and Technology. 
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526 pp $10.50 Interscience Publishers, Inc. ( 
ByorKsTEN, JOHAN et al. Polyesters and Their Applications. 

1956 626 pp $10.00 Reinhold Publishing Corp. (#664) 
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The Botanical Review 
Volumes 1-10 and Index, 1935-1944 


Now Available 


Cloth bound set $175.00 
Paper bound set 160.00 
Single volumes, paper bound 16.00 each 
Index to Volumes 1-10, paper bound 5.CO 


CHAMBERLAIN, C. J. 
Gymnosperms: Structure and Evolution 
Cloth bound $17.50 


Chemical Reviews 
Volumes 50-51, 1952 
Single volumes, paper bound 17.50 each 


Deutsche Chemische Gesellschaft: Berichte 
Volumes 1-10, 1868-1877 


Paper bound set $300.00 

Yolen 1-5, 1868-1872, paper bound 25.00 each 
Volumes 6-8, 1873-1875, paper bound 35.00 each 
Volumes 9-10, 1876-1877, paper bound 40.00 each 


Helvetica Chimica Acta 
Volumes 17-20, 1934-1937 
Single volumes, paper bound 25.00 each 


Journal of Biological Chemistry 
Volumes 1-25, 1905-1916 


Cloth bound set $425.00 
Paper bound set 375.00 
Single volumes, paper bound 15.00 each 


Physiological Reviews 
Volumes 19-29, 1939-1949 
Single volumes, paper bound $15.00 each 
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American Geophysical Union: Transactions 
Volumes 1-12, 1920-1931 
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Paper bound set (of 9 volumes 
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Journal of Applied Physics 
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Cloth bound set (including Supplement 23A and Index to Volumes 1-35) $675.00 

Paper bound set (including Supplement 23A and Index to Volumes 1-35) 625.00 

Single volumes, paper bound 25.00 each 
Nucleonics 

Volume 10, 1952 $25.00 
Physica 


(Hollandsche maatschappij der wetenschappen, Haarlem) 
Volumes 1-14, 1934-1949 


Complete list of reprints available upon request 


JOHNSON REPRINT CORPORATION 
Tt! Fifth Avenue, New York 3, New York 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


Agents: : 
\pprox. 
(#653) 
Mono- 
(#654) 
of In- i 
emillon | 
(#655) i 
an 
| | 
(4650) 
$13.10 
(7657) 
iditors. i 
No. i 
(#653) i : 
andling 
y Series 
society. 
(#659) i 
Wazes. 
lishing i 
a Wiley i 
(#661) 
368 pp i 
(#662) 
i 
i 
1957 
(#663) 
cations. i 
einhold | 
Sorp. 
(#665) 
gineers. 
(7666) 
464 pp 
(#667 | 3 
i 
i 
i 1 
H. M. 
$25.00 i 
(#675) 
ineering 
(#676) i 
164 pp i 
(4077) 
i 
8 Chem- | 
blishing 
(4679) 
(#680) 
ud 
Inter- 
(#081) 
yy, Ine. 
(#682) 
Addl 


Matruews, L. M. and H. R. Textile Fibers: 


Their Physical, “Microscopical, a: Chemical Pr ies. 6th 
Edition 1954 1283 pp $18.50" John Wiley on 
Moncrierr, E. W. Artificial Fibers. 2nd Edition (dene) 


455 p PR $6.50 John Wiley & Sons, Inc. 
Rorr, W. J. Fibres, Plastics, and Rubbers: A Handbook of 
Common Polymers. 1956 400 pp $10.00 Academic cons} 
VickxerstarFr, THomas. The Physical Chemistry of Dyeing. 
2nd Edition Revised 1954 522 pp $7.50 Interscience Pub- 
lishers, Inc. (#686) 


PETROLEUM 


Brooks, BenjAMIN T., et al. The Chemistry of Petroleum Hydro- 
carbons. Volume I. 1954 672 pp $18. 00 Reinhold Pub- 
lishing Corp (#687) 

Brooks, pn T., etal. The Chemistry of Petroleum Hydro- 
carbons. Volume Ii 1955 456 pp $13.50 Reinhold Pub- 


lishing Corp. (#688) 
Prey BENJAMIN T., etal. The Chemistry of Petroleum Hydro- 
carbons. Volume III 1955 698 pp $18. Reinhold Pub- 
lishing Corp. (#689) 
Brooks, B. T. and Dunstan, A. Petroleum. 


Science of 
Volume V, Part 11I—Refinery 1955 410 pp $32.50 
Oxford University Press. (#690) 
KaticHEvsky, ViApimir A, and Kose, Kennetu A. Petroleum 
Refining with Chemicals. 1956 700 pp $16.50 D. Van 
Nostrand Company, Inc. (#691) 
Rossini, FrepERIcK D., et al. Hydrocarbons from Petroleum. 
(ACS Monograph No. 121) 1953 584 pp $20.00 Reinhold 
Publishing Corp. #692) 
Starr or INDUSTRIAL AND ENGINEERING CueEmistry, Editors. 
A ural Applications of Petroleum Products. (Advances in 
Chemistry Series No. 7) 1952 104 pp $2.50 American 
Chemical Society. (#693) 
Starr or INDUSTRIAL AND ENGINEERING CHEMiIsTRY, Editors. 
Progress in Petroleum Technology. (Advances in Chemistry 
Series No. 5) 1951 393 pp $6.50 American Chemical So- 
ciety. (#694) 
M. R.J. The Fundamentals of Electric Interpreta- 
tion. 2nd Edition 1957 176 pp $4.50 Academic Press, 
Ine. (#695) 


METALLURGY 


Asxowi1Tz, STANLEY, Burke, Joun J. and Hitz, Raupu, Jr. 
Titanium in Industry. 1955 224pp $5.75 D. Van Nostrand 
Company, Inc. (#696) 

Aupers, L. Liquid-Liquid Extraction. 1955 206 pp $6.50 
D. Van Mesenl Company, Inc. #697) 

Benesovsky, F., Editor. lansee Proceedings 1955, Sintered 
High-Temperature and Corrosion-Resistant Materials. 1956 
472 pp $11.00 Pergamon Press, Inc. (#698) 

Burns, R. M. and Braptey, W. W. Protective Coatings for 
Metals. (ACS Monogra id No. 129) 2nd Edition 
657 pp $12.50 (#699 

Butts, ALuIson. C he Science and Technology of ru 
Metal, Its Alloys a (ACS. No. 122) 
1954 950 pp $22.50 Reinhold Publishing Corp. (#700) 

Cuatmers, B. and Kina, R., Editors. Pr 3 in Metal Physics. 
Volume VI 1956 326 pp $12.00 Pergamon fee san) 

#701 

CiarK, Donatp S. and Varney, R. Physical Metal- 
lurgy for Engineers. 1952 567 pp $6.75 D. Van Nostrand 
Company, (#702) 

Cutuity, D. Elements of X-ray Diffraction. 1956 528 pp 
$10.00 Addison-Wesley Publishing , Ine. (#703) 

Finnison, H. M. and Hows, J. P., Editors. Metallurgy and 
Fuels. (Progress Nuclear Energy Series V) VolumelI 805 p 
$21.00 Pergamon Press, Inc. 04) 

Hampet, Cuirrorp. Rare Metals Handbook. 


$12.00 Reinhold Publishing Corp. #705) 
Jaswon, M. A. The Theory of Cohesion. 1954 245 pp $5.75 
Pergamon Press, Inc. — 

1 


Kusascuewski, O. Thermochemical Data of Alloys. 
204 pp $7.50 bipacg 4 Press, Inc. (#707) 
KusBascHEewski, O. and Evans, Metallurgical Thermo- 
chemistry. 2nd Edition 1956. 410 pp $10.00 San Wiley & 
Sons, Inc. (#708) 
Mort, N. F. The Atomic Structure and the Strength of Metals. 
1956 67 ge $2.75 Pergamon Press, Inc (#709) 
Mourpay, Editor. Non-Ferrous Metallurgy. 
1954 497 pp "$12.50 Pergamon Press, Ine. (#710) 
NeEsMEYANOV, A. N. and Yorre,S8.T. Handbook of Magnesium- 
Organic Compounds. In three volumes 1957 2020 p $72.00 
Pergamon Press, Inc. #711-713) 


1956 399 pp 


E.P. Defects and Failures o etals. 
#714) 


cy G. Funda Beg orking of Metals. 1954 
* $4.75 , Ine. (#715) 
diese: ARSHALL. Sodium: Its Manufacture, Properties and 
Uses. 1956 537 pp $12.50 Reinhold Publishing Corp 


(#715) 

Tecart, W. J. Mcg. The Electrolytic and Chemical Polishing of 

Metals. 1366 Ee $4.50 th amon Press, Inc. (#717) 

Upy, Marvin romium. (ACS Mono = No. 182) 
Volume I 1956 447 pp $11 o Reinhold 


lishing 

718) 

rp. 

(#719) 


Upy, Marvin J. 
Volume II 1956 410 pp $11.00 Reinhold 


AGRICULTURAL CHEMISTRY 


Bear, Firman E. Chemistry of the Soil. (ACS 

No. 126) 1955 384 pp $8.75 Reinhold Publishing Gul 

20 

Bisuop, A. W. and HENKEL, D. J. The Measurement g Soi 

Properties in the Triazial Test. 1957 160 pp $10.00 St. 
Martin’s Press, Inc. 


Crarts, A. &., MAcaLIs, L. and Torrey, J. G., Edito 
nual Review ‘of Plant Physiology. Volume Vuli 1957 477 pp 
$7.00 Annual Reviews, Inc. (722) 
Ds Ona, E.R. Chemistry and hg of Pesticides. 
$8.75 we Publishing Co 


tion to A hure Biochemistry. 
Wiley & Sons, Inc. 

Frear, Donatp E. H. Agricultural Chemistry. (Volume I— 
Principles) 1950 bag pp $12.50 Set $22.00 D. Van Nos- 
trand (#725) 

Frear, Donatp E. H. Agricultural Chemistry. (Volume il 
Practical Applications) 1951 588 pp $12.50 Set $22.00 

. Van Nostrand, Inc. (#726) 

Frear, Donaxp E. H. of the Pesticides. 3rd Edition 

1955 469 pp $9.75 . Van Nostrand Company, rH 
#727) 

Kituerrer, D. H. Two pee of Corn, Two Blades of Grass. 

1955 139 pp $4.00 D. Van Nostrand Company, ime. 
28) 

Levitt, J. The Hardiness of Plants. Volume VI—Agronomy: 

A Series of Monographs 1956 278 pp $7.00 Academic Press, 


Inc (#729) 
R. L., Editor. 


Advances in Pest Control. Volume | 
so Approx 512 pp Approx $12.50 Interscience cat 
#730) 

Mercatr, Ropert L. Organic Insecticides: Their Chemistry 
and Mode of Action. 1955 402 pp $8.50 Interscience Pub- 
lishers, Inc. (#731) 


Norman, A. G., Editor. Advances in Agr y. Volume VIII 
1956 423 pp $8.80 Academic Press, Inc. (#732) 
Plant Protection Conference 1956. Proceedings of the Second 


International Conference held at Fernhurst Research Station, 
England. 1957 315 pp $9.00 Academic Press, Pe) 
#733) 
Srarr or INDUSTRIAL AND ENGINEERING CHEMISTRY. Pesticides 
in Tropical Agriculture. (Advances in Chemistry Series No. 
13) 1955 102 pp $3.00 American Chemical Soe, 
#734) 
Srernuaus, E. A. and Smrru, R. F., Editors. Annual Review of 
Entomolegy. Volume II 1957 407 pp $7.00 Annual Re- 
views, Inc. (#735) 
Ticquet, C. E. Successful Without Soil. 1956 
176 pp $2.75 Chemic Publishing C , Inc. (#736) 
TISDALE, SAMUEL L. and NELSON, Wein L. Soil Fertility and 
Fertilizer. 1956 430 pp $7.75 The Macmillan Company. 


(#737) 
Wary, R. L. and Wicutman, F., Editors. The Chemistry and 
Mode of Action of Plant Growth Substances. 1956 312 pp 
$9.50 Academic Press, Inc. (#738) 
BIOCHEMISTRY 
(Also Biophysics) 
A.BriTTon, Erretr C. Standard Values in Blood. 1952 199 


pp $4.50 W. B. Saunders Co. (#739) 
Anperson, A. K. Essentials of Phy: Chemistry. 4th 
Edition 1953 480 pp $5.50 John Wiley & Sons, 
ANNINO, JosEPH S. Clinical Chemistry: Principles and Pro- 
cedures. 1956 280 Pp $7.50 Little, Brown & Co. (#741) 
Anson, M. L., Batey, K. and Epsatu, J. T., Editors. Advances 
in. Protein Chemistry. Volume II 1956 665 pp fe 
Academic Press, Inc. (#742) 


JOURNAL OF CHEMICAL EDUCATION 


4 
1 
1 
‘ 
” 
ASS : 
; 
mie 
Liy 
| 

’ 

‘ 

q 

i 

| 

| 

‘ 

4 

| 
A442 VOLU 


NEW YORK LONDON PARIS LOS ANGELES: 
THE INTERNATIONAL PUBLISHERS 
FOR THE ATOMIC AGE 


AUTHORITATIVE BOOKS 


RESEARCH JOURNALS 
SYMPOSIA 


in such specialized chemical fields as: 


Biochemistry 
Chemical Aeronomy 
Chemotherapy 
Cosmochemistry 

Engineering Science 
Geochemistry 

Irradiation 

Isotopes 

Neurochemistry 

Nuclear Inorganic Chemistry 
Organic Chemistry 
Solid-State Chemistry 
Spectrochemistry 


Tracers 


A SELECTION OF 
PERGAMON TITLES 


WILL BE ON DISPLAY AT 


THE CHEMICAL EDUCATION 


BOOK EXHIBIT 


PLEASE ENTER YOUR NAME 
TO BE INCLUDED ON THE MAILING 
LIST FOR CATALOGS, PREVIEWS, 
LITERATURE 


CONTACT 


PERGAMON PRESS 


122 EAST 55th STREET, NEW YORK 22, N.Y. e Plaza 3-8580 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


399 p 
(#713) 

0. 132) 

ig Corp. 

(#718) 

0. 132) 

ig Corp. 
(#719) 

(#720) 
of Soil 

00 St. 

(#721) 

8s. n- 

477 pp P 
pp 
(#723) 

ntroduc- 

John ; 
(#724) 

me 

an Nos- 
(#725) 

ne 
$22.00 
(#726) 

Edition ve 
Ine. : 
(#727) & 

Grass. 
Inc. 

(#728) : 
onomy: 

c Press, 
(#729) 

| 

lishers, 

(#730) 
emistry 

ce Pub- 
(#731) 

3 
(#732) 

Second 

tation, 

Inc. 
(#733) 

~sticides 

ies No. 
ety. 

(#734) 

view of 

1al Re- 

(#735) 

1956 
(#736) 

ity and 

mpany. 

(#737) 

try and 

312 pp 
(#738) 

2 199 ; 
(4739) 

4th 

Inc. 

(#740) 

d Pro- 

(#741) 

iva nees 

$12.00 

(#742) é 


Ernest and Beit, Davin James. Cole’s Practical 
Physiological Chemistry. 10th Edition 1955 263 pp $6.00 
Williams & Wilkins Co. (#743) 

Batu, E. Biochemical Preparations. (Volume II) 1952 109 
pp $4.00 John Wiley & Sons, Inc. (#744) 

Bett, Georce H., Davinson, J. NorMAN and ScARBOROUGH, 
Harowp. Textbook of Physiology and Biochemistry. 3rd 
Edition 1957 1068 pp $12.00 Williams & a 5) 

4: 
Cuar_Les and TayLtor, NorMAN Burke. Physi- 
ical Basis of Medical Practice. 6th Edition 1955 1357 pp 
$1 .00 Williams & Wilkins Co. (#746) 

Braarup, J. A. V. and SorensEN, N., Editors. Second Inter- 
national Seaweed Symposium 1955. 1956 232 pp $9.00 
Pergamon Press, Inc. (#747) 

Bracuet, J. Biochemical Cytology. 1957 Approx 510 pp 
$8.80 Academic Press, Inc. (#748) 

Bray, H. G. and Wurrs, K. Kinetics and Thermodynamics in 
Biochemistry. 1957 343 pp $7.50 Academic Press, ga ' 

#749 

Bryan, Artuur H. and Bryan, Cuarues. Bacteriology: Prin- 
ciples and Practice. 5th Edition Revised 1956 422 pp 
$2.50 Paper bound Barnes & Noble, Inc. (#749-1) 

Butter, J. A. V. and Katz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. Volume I 1950 279 pp $12.00 
Pergamon Press, Inc. (#750) 

Butter, J. A. V. and Karz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. Volume II 1952 323 pp $12.00 
Pergamon Press, Inc. (#751) 

Butter, J. A. V. and Katz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. Volume III 1953 386 pp $12.00 
Pergamon Press, Inc. (#752) 

Butter, J. A. V. and Katz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. VolumeIV 1954 339 pp $12.00 
Pergamon Press, Inc. (#753) 

Butter, J. A. V. and Katz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. Volume V 1955 258 pp $12.00 
Pergamon Press, Inc. (#754) 

Buttsr, J. A. V. and Katz, B., Editors. Progress in Biophysics 

and Biophysical Chemistry. Volume VI 1956 200 pp $12.00 


Pergamon Press, Inc. (#755) 
Butter, J. A. V. and Katz, B., Editors. Progress in Biophysics 
and Biophysical Chemistry. Volume VII 1957 370 pp 
$12.00 Pergamon Press, Inc. (#756) 


Cautmon, CaLvIn and KressMan, T. R. E., Editors. Jon Ez- 
ers in Organic and Biochemistry. 1957 773 pp $15.00 
Interscience Publishers, Inc. (#757) 
CanTAROW, ABRAHAM and SCHEPARTZ, BERNARD. Biochemistry. 
2nd Edition 1957 Approx 864 pp $12.00 W. B. Saunders 
Co. (#758) 
CaNTAROW, ABRAHAM and TrumpPER, Max. Clinical Bio- 
5th Edition 1955 738 pp $9.00 W. B. Saunders 


0. (#7: 
Carter, H. Biochemical Preparations. (Volume I) 1949 
76 pp $4. A John Wiley & Sons, Inc. (#760) 
Cotowick, 8. P. and Kapuan, N. O., Editors. Methods in En- 
zymology. Volume I1I—Preparation and Assay of Substrates 
1957 1154 pp $26.00 Academic Press, Inc. (#761) 
Co.Lowick, S sp. and Kap.an, N. O., Editors. Methods in En- 
zymology. ‘Volume IV—Special Techniques 1957 Approx 


930 pp Approx $22.00 Academic Press, Inc. (#762) 
Experiments in Biochemical 
1957 189 pp $3.50 John Wiley & Sons, Inc. 
DartTNELL. The Visual Pigments. Approx 244 pp Pook 
$6.00 John Wiley & Sons, Inc. (#764) 
Dawes, Epwin A. Quantitative Problems in Biochemistry. 
1956 224 pp $5.00 Williams & Wilkins Co. (#765) 


DorrMan, Ratpu I. and Una@ar, Frank. Metabolism of Steroid 


Hormones. 1953 173 pp $4.00 Burgess Publishing Com- 
pany. (#766) 
DorrMan, R. I. and Surptey, R. A. Androgens. 1956 590 pp 
$13.50 John Wiley & Sons, Inc. (#767) 
Downes, Heten R. The Chemistry of Living Cells. 1955 
551 pp $7.50 Harper & Brothers. (#768) 


Fister, Harotp J. The Manual of Standardized Procedures for 
Spectrophotometric Chemistry. 1950 728 pp $30.00 Stand- 
ard Scientific Supply Corp. (#769) 

Fox-Fostrer. Introduction to Protein Chemistry. Nov. 1957 
Approx 448 pp Prob $9.50 John Wiley & Sons, Inc. (#770) 

Frey-Wyssitina, ALBERT. Macromolecules in Cell Structure. 
(Prather Lectures, 1955) 1957 Approx 128 pp $5.00 Har- 
vard University Press. (#771) 

Fruton, J. 8S. and Smmonps, S. General Biochemistry. 1953 
pp $12.00 $10.00 college edition John Wiley 

772 

Garsier, O. H., Editor. Enzymes: Units of Biological Struc- 

ture and Function. 1956 624 pp $12.00 Academic 
3 


Garrron, Hans. Research in Photosynthesis. (Papers and dis- 
cussions presented at the Gatlinburg Conference, October 
25-29, 1955) 1957 Approx 530 pp Approx $9.00 Inter- 
science Publishers, Inc. (#774) 

Gero, ALEXANDER. Biological Chemistry. 1952 300 pp $5.50 
McGraw-Hill. (#775 | 

Guick, Davin, Editor. Methods of Biochemical Analysis. 
Volume IV 1957 372 pp $8.50 Interscience Publishers, 
Ine. (#776) 

8. on Biochemistry. 1956 345 pp John Wile. 
& Sons (#777) 

GREEN, Tonal E., Editor. Currents in Biochemical Research. 
1956 713 pp $10.00 Publishers, Inc. 

GrirFiTH, Jr., Dr. JoHN Q., KrEwson, Dr. Cuaruzs 8. ani 
NAGHSKI, Dr. JOsEPH, Editors. Rutin and Related Flavenoids. 
1955 290 pp $7.50 Mack Publishing Co. 

Hawpang, J. B. 8. of Genetics. 
$2.75 The Macmillan _ an (#780) 

Harais, R. S., MaRRIAN, Tumann, K. V., Editors. 

Vitamins and Hormones: yes in Research and Applica- 

tions. Volume XIV 1956 486 pp $10.00 Academic Press, 


Inc. (#781) 
Harrow, BEensAmMIN, et al. Laboratory Manual of Biochemistry. 
4th Edition 1955 164 pp $3.00 W. B. Saunders “oa 

#782) 


Harrow, BENJAMIN and Mazur, ABRAHAM. Textbook of Biv- 
chemistry. 6th Edition 1954 563 pp $6.50 W. B. Saunders 
Co. (#783) 

Havrowirz. Biochemistry: An Introductory Textbook. 1955 
485 pp $6.75 John Wiley & Sons Inc. (#784) 

Hawk, B. and Oser, BERNARD L. Practical Physiologi- 
cal Chemistry. 1954 1439 pp $12.00 McGraw-Hill (Blakis- 
ton Division) (#785) 

HEIDELBERGER, M. Lectures in Immunochemistry. 1956 150 
pp $4.00 Academic Press, Inc. (#786) 

HIMMELWELT, F., Editor. The Collected Papers of Paul Ehrlich. 
Volume I—Histology, Biochemistry and Pathology 1956 
In 4 Volumes—the set $85.00 Pergamon Press, Inc. (#787) 

Hoacuanpn, H., Editor. Hormones, Brain Function and Be- 
havior. 1957 257 pp $7.00 Academic Press, Inc. (#788) 

HorrMan, Wiuu1am S. The Biochemistry of Clinical Medicine. 
1954 681 pp $12.00 The Year Book Publishers, (fa 

#789) 

Houurncer, F. Practical Clinical Chemistry. Part I 
Principles Part II Notes on Methods Part III Solution 
and Reagents 1952 PartI77 pp Part II 60 cards Part III 
93 cards $4.50 National Press. (#790) 

Irvine. Calcium Metabolism. 1957 ? pp $(?) John Wiley & 
Sons, Inc. (#791) 

JOHNSON F., Eyrine H. and Poxissank M.J. The Kinetic Basis 
of Molecular Biology. 1954 874 pp $17.75 John Wiley «& 
Sons, Inc. (#792) 

Kapat, E. A. Blood Group Substances: Their Chemistry and 
Immunochemistry. 1956 330 pp $8.00 Academic Press, 
Ine. (#793) 

Kuiynge. Chemistry of Steroids. 1957 ? pp $(?) John 
Wiley & Sons, Inc. (#794) 

Korey, Saut R. and NuRNBERGER, JOHN I., Editors. Neuro- 
chemistry. 1956 250 pp $6.75 Paul B. Hoeber, tas 

#795) 

Larwier, Keita J. Introduction to the Chemistry of Enzymes. 
1954 208 pp $5.00 McGraw-Hill. (#796) 

Luck, J. M., ALLEN, F. W. and Mackinney, G., Editors. An- 
nual Review of Biochemistry. Volume XXVI 1957 772 pp 
$7.00 Annual Reviews, Inc. (#797) 

McCase, BroTHER JosEPH and EckKENFELDER, W. W. Bio- 
logical Treatment of S and Industrial Wastes. (Volume I 
—Aerobic Oxidation) 1956 400 pp $10.00 Reinhold Pub- 
lishing Corp. (#798) 

MeEater, A. Introduction to Enzymology. 1957 Approx 480 pp 
Approx $10.00 Academic Press, Inc. (#799) 

Meister, A. Biochemistry of the ‘Amino Acids. 1957 485 pp 
$10.00 Academic Press, Inc. (#800) 

Mertz, E. T. and Porter, J. W. Laboratory Experiments in 
Biochemistry. 1955 70 pp $2.50 Publishing Com- 
pany. (#801) 

Mertz, E. T. and Porter, J. W. Plant and Animal Biocheni- 
istry. 2nd ‘Edition 1950 198 pp $3.75 Burgess Publishing 
Company. (#802) 

MILLER, a V. Chemistry of Plants. 1957 192 pp $4.75 
Reinhold Publishing Corp. 3) 

MircHe.i, H. Textbook o 2nd Edition 
1950 695 pp $7.50 McGraw- (#804) 

NEILanps, J. B. and Srumpr, P. K. siiaibaase of Enzyme Chemis- 
try. 1955 315 pp $6.50 John Wiley & Sons, Inc. #805) 

Norp, F. F., Editor. Advances in Enzymology. Volume XV1iI 
1957 441 pp $9.00 Interscience Publishers, Inc. (#805) 

Peters, JoHN M. and Van Stryke, Donatp D. Quantitative 
Clinical Chemistry. Volume II—Methods 1932 Reprinted 
1956 981 pp $10.00 Williams & Wilkins Co. (#807) 


JOURNAL OF CHEMICAL EDUCATION 


VOLU} 


| 
Ag 
: 
{ 
j 
| 
5 
: 
"6, 
bs 
My 
‘ 
‘ 
Ses 
ular 
> 
“ 
: ‘ 
7 
“ 
. 
| 
: 


Never before has a book like this been pub- the Coleman spectrophotometer, but are 
lished especially for clinical and biological adaptable to nearly every instrument mar- 
chemists and technicians . . . a book that will keted today, including Beckman, Brociner- 
save hundreds of hours and hundreds of Mass, Klett-Summerson, Leitz, Hellige, 
dollars in heaern | most procedures for Cenco, Lumetron and Evelyn. 


P P tric chemistry. Includes only the latest and most approved 

clinical methods . . . accurate, easily appli- 
Outlines, in detail, a step-by-step procedure cable, simple. All methods. were proved 
for performing each determination. All under actual working conditions by inde- 
methods were painstakingly worked out on _ pendent authorities. ; 
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339 TESTS can be performed from the 


728 loose-leaf PAGES of this manual, 


inted in large, clear type on paper especially selected to stand constant 
handling, in ahandsome, 7-ring, gold-embossed binder. 


THE MANUAL OF STANDARDIZED 
PROCEDURES FOR 


SPECTROPHOTOMETRIC CHEMISTRY 
By Harold J. Fister 


nods. ins very sett period. nde your copy’ weed FREE 
Tent improvements PRICE i 
of the original PY Commoner, Sct $30.00 | | 
al laboratory . | STANDARD SCIENTIFIC SUPPLY CORP., Publishers | 
y clinical percopy 808 Broadway, New York 3, N. Y. 
manual rnal of Please send Manua 
tory, | The Jou l se ++++ Copies of Fister's Manual of Standardized Procedures for 
Ww. Rakes Epucation Spectrophotometric Chemistry, at $30.00 each. 
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Sexton, W. A. Chemical Constitution and Biological Alay 
2nd Edition 1953 424 pp $12.50 D. Van Nostrand - 


pany, Inc (#814) 
SHEMIN. Biochemical Preparations. (Volume V) Oct. 1957 
Approx 128 pp Prob $475 75 John Wiley & A or Inc. (#815) 
Snei.t, E. E. Biochemical Preparations. (Volume III) 1953 
128 pp $4.00 John Wiley & Sons, Inc. (#816) 
Spector, Witu1am. Handbook of Toxicology. 1956 Volume I 
400 pp $7.00 W. B. Saunders Co. (#817) 
Srronc, Frank M. Advanced Biochemical Techniques. 1956 


80 pp $2.75 ay Publishing Company. (#818) 
Szent-GyOrey, A ioenergetics. 1957 143 pp $4.50 Aca- 
demic Press, Inc. (#819) 


Taman, Kennetu V. The Life of Bacteria: Their Growth, 
Metabolism, and Relationships. 1955 776 pp $13.50 The 
Macmillan "Company. (#820) 

Topp, James C., Sanrorp, ARTHUR H. and WELLS, BENJAMIN B. 
Clinical Diagnosis aware Methods. 12th Edition 1953 
998 pp $8.50 W. Saunders Co. (#821) 

Tuompson, R. H. 8. and Kina, E. J., Editors. Biochemical Dis- 
orders in Human Disease. 1957 842 pp $12.60 Academic 


Press, Inc. (#822) 
Umareit, W.W. Manometric and Tissue Metabolism. 
Umsreit, W. Metabolic Maps. 1952 441 pp $6.00 
Burgess Publishing Company. (#824) 


Wae scu, Hernricu, Editor. Ultrastructure and Cellular Chem- 
pp $%(?) Paul B. Hoeber, 


athe of Neural Tissue. 1957 ? 
(#825) 


Since. R. P. and Mircneitt H. K. Genetics and Metabolism. 
1955 444 pp $7.50 John Wiley & Sons, Inc. (#826) 
Waker, Burnuam §., Boyp, C. and Asimov, Isaac. 
and Human ‘Metabolism. 3rd Edition 1957 
aay 3 Approx $12.00 Williams & Wilkins Co. (#827) 
West, Epwarp S. Teztbook of oo Chemistry. 2nd 
Edition 1956 399 pp $7.00 e Macmillan ear Fs 
#828 

West, Epwarp S. and Topp, R. Textbook of Bio- 
chemistry. 2nd Edition 1955 1356 pp $12.00 The Mac- 
millan (#829) 
Wanewestne, W. Biochemical Preparations. (Volume IV) 
1955 108 pp $4.25 John Wiley & Sons, Inc. (#830) 
Wuirte, ABRAHAM, HANDLER, SmitH, Emit and STEtren, 
DeWirr. Principles of Biochemistry. 1954 1070 pp $15.00 
McGraw-Hill Division) (#831 
WuutMs, R. J. Biochemical Individuality. 1956 214 pp 
$5.75 John Wiley & Sons, Inc. (#832) 
Rocer and BEERSTECHER, Ernest Jr. Introduc- 
tion to Biochemistry. 2nd Edition 1948 736 pp $7.00 D. 
Van Nostrand Company, Inc. (#833) 


MICROBIOLOGY 


Currton, C. E., Rarre., S. and Sranier, R. Y., Editors. An- 
nual Review of Microbiology. Volume X 1956 426 pp $7.00 
Annual Reviews, Inc. ( #834) 

Jacoss, Morris B. and Watter, WILLIAM 
G. ree 4 of Microbiology. 1957 288 pp $6.75 D. 

Van Nostrand Company, Inc. (#835) 


FOODS AND NUTRITION 


ALBRITTON, ErrettC. Standard Values in Nutrition and Metab- 
olism. 1954 B. Saunders Co. (#836) 
Buanck, Frep C andboo: Food and Agriculture. 1955 
1048 pp $15.00 Reinhold a lishing Corp. #837) 
Jacoss, Morris B. Chemical Analysis of Foods and Food 
Products. 2nd Edition 1951 904 pp $12.00 D. Van 


Nostrand Company, Inc. (#838) 
McHenry, E. W. Basic Nutrition. 1957 389 pp $5.00 J. B. 
Lippincott Company. (#839) 


Mrak, E. M. and Stewart, G. F., Editors. Advances in Food 
Research. Volume VII 1957 404pp $9.50 Academic Press, 
Ine. (#840) 
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Prouprit, Farrrax T. and Rosinson, Corinne Hocpen. 
Nutrition and Diet Therapy. 11th Edition 1955 896 pp 
$5.25 The Macmillan Company. (#841) 

SHerMAn, Henry C. Chemistry of Food and Nutrition. 8th 
Edition 1952 721 pp $6.50 The Macmillan Company. 

2) 

SHERMAN, Henry C. and Lanrorp, CAROLINE SHERMAN. 
sentials of Nutrition. 4th Edition 1957 501 pp $4.90 
The Macmillan Company. (#843) 

Srarr or INDUSTRIAL AND ENGINEERING Cuemistry. Use of 
Sugars and Other Carbohydrates in the Food Industry. (Ai- 
vances in Chemistry Series No. 12) 1955 142 pp $3.50 
American Chemical Society. (#844) 

Unpverwoop, E. J. Trace Elements in Human and Ania 
Nutrition. 1956 430 pp $9.50 Academic Press, wo 

5) 

Von Logsecke, Harry W. Drying and Dehydration of Fooxs. 

2nd Edition 11955 305 pp $7.50 Reinhold Publishing Corp. 


(#846) 
Woopman, A. G. Food Analysis. 4th Edition 1941 607 pp 
$9.00 McGraw-Hill. (#847) 


PHARMACEUTICAL 
Bartow, R. B. Introduction to Chemical Pharmacology. 1955 


343 pp $6.25 John Wiley & Sons, Inc. (#848) 
Buick, F. E. and Sutsr, C. M. Medicinal Chemistry. (Volume 
IIT) 1956 346 pp $10.50 John Wiley & Sons, Inc. (#849) 
Buick, F. E. and Suter,C.M. Medicinal Chemistry. (Volume 
ag 1956 311 pp $10.00 John Wiley & Sons, Inc. (#850) 
The Di atory of the United States of America. 25 Edition 


ispens 
1955 2139 pp $25.00 J. P. Lippincott Company. (#851) 
GroénwaLL, A. Dextran and Its Use in Colloidal Infusion Solu- 
tions. 1957 156 pp $4.00 Academic Press, Inc. (#852) 
M., Editor. Hypotensive Drugs, 
1956. 1957 228 pp $8.00 Pergamon Press, Inc. 
HorrMan, Isaac K. New Unguent Bases and Lotions. 1957 
152 pp $4.75 Chemical Publishing Co., Inc. (#854) 
JENKINS, GLENN L., CHRISTIAN, JOHN E., and HaGEr, 
P. Quantitative Pharmaceutical Chemistry. 4th Edition 1953 
534 pp $6.50 McGraw-Hill (Blakiston Division) (#855) 
Martin, Dr. Eric W. and Cook, Dr. E. Futuerton, Editors. 
Remington’s Practice of Pharmacy. 11th Edition 1956 1724 
pp $20.00 Mack Publishing Co. (#856) 


National Formulary. 10th Edition 1955 867 pp $9.00 J. B. 
Lippincott Company. (#857) 
New and Nonofficial Remedies. 1957 582 pp $3.35 J. B. 
Lippincott (#858) 


. and GrunBERG, E. Resistance of Micro- 
1957 395 pp $10.00 Academic rary Ine. 
#859) 

Starr OF INDUSTRIAL AND ENGINEERING CHEMISTRY. A Key to 
Pharmaceutical and Medicinal Chemistry Literature. (Ad- 
vances in Chemistry Series No. 16) 1956 254 pp $5.25 
American Chemical Society. (#860) 
Suter, C.M. Medicinal (Volume I) 1951 473 
$10.00 John Wiley & Sons, Inc. (#861) 
Witson, Cuarues O. and Gisvoip, OLE. Textbook of Organic 
Medicinal and Chemistry. 3rd Edition 7956 
823 pp $11.00 L. B. Lippincott and Company. (#862) 
Witson, O. Jones, Tony Everett. American 
Drug Index. 1957 650 pp $5.00 J. P. Lippincott Company. 


(#863) 
Wortp HEALTH ORGANIZATION. 


Scunitzer, R. J 
organisms. 


Chemotherapy of Malaria. 
1955 123 pp $3.25 Columbia University Press. (#864) 
Wortp Hearts Orcanization. Pharmacopoea Internationalis. 
Volume I 1951 424 pp $5.00 Columbia University tans) 
#865 

Wor.tp OrGaAnization. Pharmacopoea Internationalis. 
Volume II 1955 370 pp $075. Columbia 
#806 


SCIENTIFIC JOURNALS 


Acta Metallurgica, Monthly. Pergamon Press, Inc. (#867) 
Annals of the International Geophysical Year. 4-6 Vols. 1957- 
1958 Pergamon Press, Inc. 
Chemical Engineering Scrence, Genie Civil. Monthly Pergamon 
Press, Inc. (4809) 
Clinical Chemistry, Journal. VolumeIII 1957 Ap rox. 430 pp 
per year a wi“ ion rates: $8.00 per year; $8.50 in Canacda; 
$9.00 elsewhere Paul B. Hoeber, Inc. 
International Journal of Applied Radiation and Isotopes. Bi- 
monthly Pergamon Press, Inc. (#871) 
Journal of Inor oe ag and Nuclear Chemistry. Monthly Per- 
gamon Press, (#872) 


Journal of Neurochemistry. Quarterly Pergamon way + 
#87 
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GROWING WITH THE SCOPE 
OF SCIENTIFIC PROGRESS! 


More than 100 pages of new and revised data 
have been added to the new 39th Edition “Hand- 
book of Chemistry and Physics”. It contains com- 
plete basic information in addition to the most 
current material available. Consequently, this 
latest edition is a vital reference aid for scientists 
and students in all fields of technical work. 
Among the new information may be found 
Transuraniums Elements, lsothermal Compress- 
ibility of Liquids, The Particles of Physics, Specific 
ume of the sciences . . . chemistry Rotation of Certain Sugars, Electrical Resistivity 
physics, mathematics . . . that is of Rocks and Soils. For a complete listing of con- 
continuously revised — annually 

published. $12.00 per copy tents, new and revised material write today for 


(Outside U.S.A. add 50¢) Bulletin HB-F. 


¢.R.C. STANDARD 
MATHEMATICAL TABLES 


AN UP-TO-DATE REFERENCE 
AID FOR THOSE IN THE FIELD 
OF MATHEMATICS! 


The new 11th Edition “C.R.C. Standard Mathe- 
matical Tables” is just off the press and contains 
important new information, in addition to essen- 
tial basic mathematical data. New points in this 
edition include Differential Equations, Fourier 
Series and Fourier Transforms, Extension to the 
Tables on Factors and Primes, Partial Fractions 
and many other special tables too numerous to 
mention. For a complete descriptive folder on 
the 11th Edition “C.R.C. Standard Mathematical 


Tables” write now for Bulletin CRC-11. matical data. $3.00 
($3.50 outside U.S.A.) 


NEW 11th EDITION 


_ Write today for | THE cH EMICAL RU BBER COMPANY 
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Journal of Nuclear Energy (including the Russian Journal of 
Atomic Energy) Monthly Pergamon Press, Inc. 
Investigation, Journal. 
outside 


(#874) 
Volume VI 1957 Approx. 
$10.00 

.S. A. Paul B. Hoeber, Inc. #875) 
Microchemical Journal. Volume I’ Issue 1 April 1957 $9.60 
we year (Two issues will be published in 1957) Interscience 
ublishers, Inc. (#876) 
The Physics and Chemistry of Solids, International Journal. 
Monthly Pergamon Press, Inc. (#877) 
Spectrochimica Acta. Monthly Pergamon Press, Inc. (#878) 
Tetrahedron, The International Journal of Organic Chemistry. 
Quarterly Pergamon Press, Inc. (#879) 


REPRINTS OF SCIENTIFIC JOURNALS 
Chemical Reviews. Volume 51 1952 $17.50 Johnson Reprint 


Corp. #880) 
Deutsche Chemische a Berichte. Volume II 1869 
$25.00 Johnson Reprint Cor (#881) 
Helvetica Chimica Acta. Vola XVIII 1935 $25.00 Johnson 
Reprint Corp. ( #882) 
Journal of Biological Chemistry. Volume IV 1908 $15.00 
Johnson Reprint Corp. (#883) 
Journal of Volume III 1935 $24.00 John- 
son Reprint Co >. ) 
Journal of Physical Chemistry. Volume 54 1950 $30.00 John- 
son Reprint Corp. (#885) 
Recueil des Travaux Chimiques des Pays-Bas (et de la Belgique) 
Volume 56 1937 $20.00 Johnson Reprint Corp. (#886) 


RUSSIAN TRANSLATIONS 


Ricthimaiaing Section of Proceedings of the Academy of Sciences of 
the USSR (Doklady, 36 issues per year, published in 6) $65.00 
Consultants Bureau, Inc. ( 

Bulletin of the Academy of Sciences USSR. (Division of Chemical 
Science) 12 issues per year $150.00 Consultants Bureau, 


Inc. (#888) 
Chemistry Sections of the Proceedings of the Academy of Sciences of 
the USSR. (Doklady, 36 issues per year, published in 6) 
Chemistry section $95.00 Consultants Bureau, Inc. (#889) 
Chemistry Sections of the Proceedings of the Academy of Sciences of 
the USSR. (Doklady, 36 issues per year, published in 6) Chem- 
ical Technology Section $15.00 Consultants Bureau, ~ ; 
#890 
Chemistry Sections o Soe Proceedings of the Academy of Sciences of 
the USSR. (Doklady, 36 issues per year, published in 6) 
Agrochemistry section $15.00 nsultants Bureau, Inc. 
(#891) 
— Sections of the Proceedings of the Academy of Sciences of 
the USSR. (Doklady, 36 issues per year, published in 6) 
Geochemistry section $15.00 All four sections may be pur- 
chased as a unit for $125.00 Consultants Bureau, Inc. (#892) 
— Journal. dissues per year $80.00 Consultants ee 
#893) 
Journal of Analytical Chemistry of the USSR. 6 issues per year 
$80.00 Consultants Bureau, Inc. (#894) 
Journal of Applied Chemistry of the USSR. 12 issues 1,800 pp 
per year $95.00 Consultants Bureau, Inc. (#895) 
Journal of General Chemistry of the USSR. 12 issues 3,600 pp 
per year $170.00 Consultants Bureau, Inc. (#896) 
Physical Chemistry Section of Proceedings of the Academy of Sciences 
of the USSR "(Doklady, 36 issues per year, published in 6) 
$160.00 Consultants Bureau, Inc. (#897) 
The Soviet Journal of Atomic Energy. 12 issues 1,200 pp per 
year All Ping see will be published and are extra. $75.00 
Consultants Bureau, Inc. (#898) 
Soviet Research in Catalysis—Chemistry Collection III. I—Theo- 
retical and Sundry Associated Effects. 262 pp $50.00 Con- 
sultants Bureau, Inc. (#899) 
Soviet Research in Catalysis—Chemisiry Collection IIT. Ila.— 
General. 250 pp $50.00 Consultants Bureau, Inc. ( 
Soviet Research in Catalysis—Chemistry Collection III, I1b.— 
- 250 pp $50.00 Consultants Bureau, Inc. (#901) 
Soviet Research in Catalysis—Chemistry Collection III. IIc.— 
General: Reduction, Oxidation and Fischer Trops. 214 pp 
$50.00 (Parts IIa. IIb. andIIc. together as a unit, $125.00) 
Consultants Bureau, Inc. (#902 
Soe Research in Catalysis—Chemistry Collection III. III— 
enation, Dehydrogenation, Cracking. 294 pp $50.00 
ultants Bureau, Inc. 
in Catalysis—Chemistry Collection III. IV— 
Isomerization, Alkylation, Dehydration. 274 pp $50.00 
Consultants Bureau, Inc. (#904) 


Soviet Research in Catalysis—Chemistry Collection III. V—Poly- 
merization, y Zeigler. 128 pp $30.00 (Sections 
I through V comprises 1,672 pp 250-300 papers, sections may 
be pure separately, or as a unit for $200. 00) Consultants 
Bureau, Inc. (#905 ) 

Soviet Research in Fused Salts (1949-1950). Chemistry Co!- 
lection No. 1. Selection and Preface by Leonard Nanis Com- 
prises 125 reports Over 500 pp The complete collection: 
$150.00 Individual reports: $7.50 and Properties 
(100 reports—Preparation; iodine systems; binary systems; 
ternary systems; ternary reciprocal systems; quaternary 
systems; quaternary reciprocal systems $110.00 (#906) 
Electrochemistry (8 reports) $20.00 
Slags and Mattes (6 reports) $15.00 
Thermodynamics (6 —— $15.00 
General (5 reports) $12.50 
Consultants Bureau, Ine. 

Soviet Research in Glass and Ceramics (1949-1955). Chemistry 
Collection No. 2 Comprises 146 reports over 900 pp Selev- 
tion and preface by W. G. Lawrence. The complete collection: 
$150.00 Individual reports: $7.50 Basic Science (70 reports) 
$90.00 (#911) 
Glass, glazes and enamels (32 emenete) $40.00 (412) 
(12 reports) $20 (#913) 

Cements, limes and plasters (28 eae $35.00 (#914) 
Miscellaneous (4 reports) $7.50 (#915) 
Consultants Bureau, Inc. 

Soviet Research in Pharmaceutical Chemistry (1949-1955). Tobe 
published soon Comprises 262 pp Price to be announced 
Consultants Bureau, Inc. (#916) 

Symposium on Radiation Chemistry. Part I—Action of Radia- 
tions on Water and Aqueous Solutions $75.00 Consultants 
Bureau, Inc. (#917) 

Symposium on Radiation Chemistry. Part I1—Action of Radia- 
tions on Individual Organic Compounds and High Polymers 
ae .00 (Both parts available for $100.00) Consultants Bureau 


(#918) 
HISTORY AND BIOGRAPHY 


The Evolution of Chemistry. A History of 
Its Ideas, Methods, and Materials 1952 349 pp $6.00 
Ronald Press Co. (#919) 

Finptay, ALEXANDER. Chemistry in the Service of Man. 
Edition 1957 352 pp $4.72 Longmans, Green & Co., 


Finpiay, ALEXANDER. A Hundred Years of Chemistry. and 
Edition 1948 318 pp $3.25 The Macmillan gay if 
#921) 
Frank, Puiuipp. Philosophy of Science: The Link Between 
— and Philosophy. 1957 424 pp $8.00 eas 
ne. #922) 
GeTMAN, FrepericK H. The Life of Ira Remsen. 1940 157 pp 
$4.50 Chemical Education Publishing Co. (#923) 
Haynes, Wiuuiams. American Chemical Industry. (In six 
volumes Set $80.00) (Volume I—Background and Begin- 
nings) 1954 482 pp $16.00 D. Van Nostrand Company, 
Inc. (#924) 
Haynes, Wiuuiams. American Chemical Industry. (Volume 
II-III World War I pos) 1945 1015 pp $16.00 D. Van 
Nostrand Company, (#925) 
Haynes, Wituiams. American Chemical Industry. 
IV—The Merger Era) 1948 440 pp $16.00 D. Van Nos- 
trand Company, Inc. (#926) 
Haynes, Wiuuiams. American Chemical Industry. (Volume 
V—The Decade of New Products) 1954 510 pp $16.00 
D. Van Nostrand Company, Inc. (#927) 
Haynes, Wituiams. American Chemical Industry. (Volume 
ViI—Histories of the Com — 1949 559 pp $16.00 D. 
Van Nostrand Company, (#928) 
Leicester, H. M. The Historical Background of Chemistr y. 
1956 260 pp $6.00 College Edition $5.00 John Wiley & 
Sons, Inc. (#929) 
Leicester, Henry M. and Kuicxste1n, HERBERT S. A Source 
Book in Chemistry, 1400-1900. 1952 554 pp $7.50 Harvard 
University Press. (#930) 
Li Cu’1ao-Pr’na. The Chemical Arts of Old China. 1948 215 pp 
$6.00 Chemical Education Publishing Co. (#931) 
NaTIonaL ACADEMY OF ScrENcE. Biographical Memoirs. Vo!l- 
ume XXX 1957 454 pp $5.00 Columbia eel 73 
#932 
PartincTon, J. R. A Short History of Chemistry. 3rd Edition 
1957 390 pp $3.70 St. Martin’s Press, Inc. (#933) 
Smita, M. L. Torchbearers of Chemistry. 1949 270 pp $8.50 
Academic Press, Inc. (#934) 
Weeks, Mary Etvira. Discovery of the Elements. 6th Eci- 
so 1956 936 pp $10.00 Chemical Education eS 
#935 
WituraMs, Howarp R. Edward Williams Morley, His Influei.ce 
on Science in America. 1957 324 pp $6.50 Chemical Ed.- 
cation Publishing Co. (#935) 
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hemist1 y 
ng wd Covers the most advanced Soviet research, including 
— = papers by leading Soviet chemists on both theoretical and 
(7911) applied chemistry, with wide industrial applications. 
(#912) 
(#913) JOURNAL OF GENERAL CHEMISTRY OF BIOCHEMISTRY SECTION OF PROC. ACAD. 
(#914) THE USSR SCI. USSR 
(12 issues, 3,600 pp. per year) $170.00 (Doklady, 36 issues per year, published in 6) 
i te JOURNAL OF APPLIED CHEMISTRY OF ae aime SECTIONS OF PROC. ACAD. 
apie) (12 issues, 1,800 pp. per year) 95.00 (Doklady, 36 issues per year, published in 6) 
f Radia- JOURNAL OF ANALYTICAL CHEMISTY OF peer ee er 
rsultants THE USSR Agrochemistry 
(#917) (6 issues per year) 80.00 Geochemistry Section 
f — BULLETIN OF THE ACADEMY OF SCIENCES All four sections of Proc. Acad. Sci. USSR 
a te USSR cited above may be purchased as a unit for 
6 Bureau (12 issues per year) 150.00 COLLOID JOURNAL 
(#918) PHYSICAL CHEMISTRY SECTION OF PROC. (6 issues per year) 
ACAD. SCI. USSR JOURNAL OF ATOMIC ENERGY 
lstory of (Doklady, 36 issues per year, published in 6) 160.00 (12 issues, 1,200 pp. per year) 
, (9019) and SOVIET RESEARCH IN CATALYSIS, Chemistry Collection Ill 
= one Covers all aspects of catalysis, selected from papers in all 
(4920) ne - journals translated by Consultants Bureau 1949-1955. 
ry. 2nd Sections may be purchased separately as follows: 
ompany. 
(#921) . Theoretical and Sundry IV. Isomerization 
Between i 262 pages $50.- Alkylation 
ice-Hall, ‘ 250 pages 50.- Dehydration 274 pages $50.- 
250 pages 50.- Polymerization 
(4923) . General: Reduction-Oxida- — 
(In six tion and Fischer-Tropsch 214 pages 50.- er pages is 
1 Begin- . Hydrogenation 


: ‘ : The Collection, comprising 1,672 262 pa 
} ny, Deh enation ’ prising i, Pages, papers 
"(28 eaten" 294 pages 50.- may be purchased as a unit for $200.00 
( Van SYMPOSIUM ON RADIATION CHEMISTRY 

(#925) Part I: ACTION OF RADIATIONS ON WATER AND AQUEOUS SOLUTIONS $75.00 
(Volume Part II: ACTION OF RADIATIONS ON INDIVIDUAL ORGANIC COMPOUNDS AND 
HiGH POLYMERS 65.00 

Both parts are available for 100.00 


All Consultants Bureau translations are by scientists who are specialists in each field, 
equally familiar with Russian, and the technical vocabulary. All material is translated 
cover-to-cover, it is clearly reproduced by the multilith process, staple bound, and in- 
cludes all diagrams, photographs, and tabular matter integral with the text. Issues are 
mailed to subscribers upon publication. Single articles are available. Write for free 
Tables of Contents, specifying publication desired. 


See our publications at the combined Book Exhibit (under Russian Translations) at the American Chemical Society Meeting in the 
Hotel Statler, New York City, September 8 through 13. 


NOTE: Consultants Bureau is still seeking scientist translators. 
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CattanaM, L. Russian-English Technical and Chemical Dic- 

tionary. 1947 794 pp "$16.50 John Wiley & —/ aaa 

Chemical Abstracts. List of Periodicals Abstracted by Chemical 

Abstracts with Key to Library Files and Other Information. 

1956 314 pp $5.00 American A ee Society. (#938) 


Criark, George L. and Hawiey, G.G. Encyc ia of Chem- 
istry. 1957 1060 pp $19.50 Reinhold Publ ishing (oaB} 
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John Wiley '& Sons, Inc. ( 
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#943 

Hawuey, G. G. and Hawtey, Atice W. Hawley’s Technical 

Speller. 1955 146 pp $2.95 Reimhold 
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neering Chemistry. Azeotropic Data, 1952 328 pp $5.00 
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POPULAR COLLEGE CHEMISTRY 


A widely-used, up-to-date college chemistry, stressing 


Mack @ Haskins ¢ the scientific method of approach—from specific to 

general, from experiment to theory. @ The Second Edi- 

Garrett © Verhoek tion features new material on radioactivity and _ its 

6 effect on human life, and there is a final chapter on fuels 

extOOoK O emistry and power, including atomic and solar energy sources. 

Second Edition : Many new drawings and photographs supplement 
the text. 


Just Published—this manual follows the order of topics 
in Textbook of Chemistry, with explanations of the 


, principles involved in each experiment. @ The 77 ex- 
Chemistry for the periments are designed for beginning students, many of 
Laboratory, Second Ed. them quantitative in nature. @ Appendixes include 
G © Haski materials and apparatus; arithmetic in chemistry and use 

arrett askins © of logarithms, and a periodic chart and data tables. 


Rubin © Verhoek 


For further information write to 


HOME OFFICE: Boston GINN AND COMPANY 


SALES OFFICES: New York 11 Chicago6 Atlanta 3 Dallas1 Columbus 16 Palo Alto Toronto 7 


—to fill an important need 


A SHORT COURSE IN ORGANIC CHEMISTRY 


HAROLD HART and ROBERT D. SCHUETZ 


Combining skillful selection of fundamentals and vivid presentation, this book provides the 
student with a clear working knowledge of organic chemistry and its application to everyday 
living. Summary lists defining new concepts, facts, and terms, and sets of problems help 
the student utilize his knowledge. “This is the only short (one-term) text in organic chem- 
istry that I have ever felt to be worthy of using. I am most favorably impressed with the 
clear but adequate treatment of fundamental modern theory.” L. J. Desha, Washington 
and Lee University. 


A LABORATORY MANUAL for 


K A Short Course in Organic Chemistry 
E. CAMPAIGNE, HAROLD HART, and ROBERT D. SCHUETZ 


Specifically designed to accompany a brief survey course in organic chemistry, this manual 
M provides a wide variety of experiments which may be completed in a three-hour laboratory 

period. Brief discussions of relevant chemistry principles precede each experiment, linking = = 
lecture material with laboratory work. 


VOLUME 34, NO. 9, SEPTEMBER, 1957 


1957 

#961) 

Com- 

trand 

#968 

ORTH. 
1957 

#969 

$3.00 

#970) 

hnica! 

nesco 

#971) 

hnical 

pp 

$972) 

tions. 

ations 

#973) 

822 

#974) | 

512.00 | 

#975) 

tation. 

#976) 
En- 
1956 

of In- 

(#977) 

litors. 

of the 

(4978) | 

Refer- 

0 set 

)-980) 

cal So- ee 

1s and 

emical 

16 pp 

( #981) 3 

( #982) 

280 pp 

($983) 

0 test 

vision, | 

(#984) 

Work. 

ig Co. 

(#985) 

44 pp 

(4986) 

92 pp 7 

(#987) 

d Con- | 
Corp. 

(4988) 

Chemi- 

Section 

issued 

e used 

r, Inc. 

(4989) 

Chemi- 

sued in 

e used | 

(#990) 

Chemi- 

es 3130 

nt Ab- 

for In- | 

(#991) : 
1947 

1991-1) 

$14.50 

(#992) 

Micro- 

468 pp 

(4993) 

Safely 

D. Van 

(#994) 
$6.00 
(#995) 

ATION 

A451 


Megs, C. E. KENNETH and LEERMAKERS, JOHN A. The Organiza- 
tion of Industrial Scientific Research. 2nd Edition 1950 


383 pp $7.00 McGraw-Hill. 
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Perry, J. 
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INTRODUCTION TO 
QUALITATIVE 
ANALYSIS 


THORFIN R. HOGNESS and WARREN 
C. JOHNSON. Offers both theory and 
laboratory material, and reduces to a 
minimum repetition of subject matter. 


376 pages. 


... and other 
standard texts 


QUALITATIVE ANALYSIS AND CHEMICAL 
EQUILIBRIUM (4th Edition) 


Hogness and Johnson 


IONIC EQUILIBRIUM AS APPLIED TO 
QUALITATIVE ANALYSIS, (3rd Edition) 


Hogness and Johnson 


INORGANIC REACTIONS AND STRUCTURE 


E. S. Gould 


COLLEGE CHEMISTRY 
A. J. Scarlett 


GENERAL CHEMISTRY, Rev. 
P. W. Selwood 


ORGANIC CHEMISTRY 
L. H. Amundsen 


GENERAL COLLEGE 
CHEMISTRY, (5th Edition) 


Scarlett and Gomez-Ibanez 


HENRY HOLT & CO. 
383 Madison Ave., N.Y. 17 
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LABORATORY PROBLEMS IN 
GENERAL CHEMISTRY 2nd Edition 
Nechamkin 305 pps. 1956 $2.75 


QUANTITATIVE ANALYSIS 
(Methods of Separation and Measurement) 
Mellon 694 pps. 1955 $6.50 


BASIC COLLEGE CHEMISTRY 
2nd Edition 
Babor 766 pps. $5.50 


A LINE-FORMULA 
CHEMICAL NOTATION 
Wiswesser 149 pps. $2.00 


SELECTED EXPERIMENTS 
IN COLLEGE CHEMISTRY 
Babor & Lehrman 125 pps. $1.75 


LABORATORY STUDIES 
IN COLLEGE CHEMISTRY 
Babor & Lehrman 227 pps. $2.75 


INTRODUCTORY COLLEGE 
CHEMISTRY 2nd Edition 
Babor & Lehrman 


814 pps. $6.00 


GENERAL COLLEGE CHEMISTRY 
3rd Edition 


Babor & Lehrman 800 pps. $6.00 


EXPERIMENTAL STUDIES IN 
BASIC COLLEGE CHEMISTRY 
Henderson 246 pps. $2.50 


QUANTITATIVE ANALYSIS 


RECORD BOOK 

Mellon 200 pps. $1.00 
EXPERIMENTAL GENERAL 
CHEMISTRY 2nd Edition 
Neckers et al 307 pps. $2.50 


HOW TO SOLVE PROBLEMS 
IN QUANTITATIVE ANALYSIS 
Arenson 89 pps. $1.25 


HOW TO SOLVE PROBLEMS IN 
GENERAL CHEMISTRY 2nd Edition 
Babor & Kremer 152 pps. $1.50 


HOW TO SOLVE PROBLEMS 
IN PHYSICAL CHEMISTRY 
Babor & Thiessen 215 pps. $2.00 


HOW TO SOLVE PROBLEMS 
IN QUALITATIVE ANALYSIS 
Babor & Macalpine 93 pps. $1.25 


THOMAS Y. CROWELL COMPANY 
432 Fourth Ave., New York 16, N. Y. 
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CHEMISTRY 


VISUALIZED 
AND APPLIED 


1957 Second Edition — Completely revised 


By ARMAND J. COURCHAINE 


I 

I 

! 

Since this text appeared a few years 

i ago it has steadily gained recognition 

and popularity for the survey courses 

paral to undergraduates in college 

chemistry. 

eatures which made the a 

l standout while at the same time the 

I author and editor have accomplished 

I an “Aes mang by fine job in bringing it 

| thoroughly up to date. 

| We want teachers and instructors to 

I know this book. A card will bring you 

as a 

: 

L 


702 Pages Illustrated 
Full Index $5.50 


Address your request to: 
Educational Dept. 


G. P. PUTNAM’S SONS 
210 Madison Ave., New York 16, N. Y. 


PHOSPHORUS & 
FLUORINE 


The Chemistry and Toxicological 
Action of Their Organic Compounds 


By B. C. SAUNDERS. Discusses the Chemistry 
and toxicological action of organic compounds which 
contain phosphorus and fluorine. An obvious 
choice in chemical warfare, many of them are useful 
to biologists in the investigation of enzyme systems, 
to agriculturists as constituents of insecticides, and 
to doctors in the treatment of post-operative para- 
lytic ileus, glaucoma and other illness. $6.00 


THE TERPENES 


By SIR JOHN SIMONSEN & DR W. C. J. ROSS. 
Volume IV covers the more complex triterpenes and 
their derivatives hydrocarbons, alcohols, hydroxy- 
aldehydes, ketones and hydroxy-ketones. Of in- 
terest to biochemists, pharmacologists and organic 
chemists. $13.50 


At your bookstore 


CAMBRIDGE UNIVERSITY PRESS 
32 East 57th Street, New York 23 


A new text for college students 
of the biological sciences 


PRINCIPLES OF 
PHYSICAL CHEMISTRY 


By 
WALLACE S. BREY, Jr. 
University of Florida 


Presupposing no previous knowledge of the calculus, 
this book covers the fundamental principles of physica! 
chemistry and also presents some illustrations of the 
application of physical chemistry to the solution of 
biochemical problems. Although some ideas of the 
calculus are introduced where appropriate to the de- 
velopment of the subject these are fully explained as 
they are employed. A brief mathematical appendix 
summarizes pertinent mathematical principles. 


To be published in October 


APPLETON-CENTURY-CROFTS, INC. 


35 West 32nd Street New York 1, N. Y. 


Basic Texts with a NEW TEACHING APPROACH! 


BASIC PHYSICS 

by Alexander Efron, E.E., Ph.D. 

These thoroughly readable textbooks (2 volumes in a single cloth 
binding) comprise a psychologically organized course in intermediate 
physics. Volume I offers an overall view of most of the simpler 
material of the standard course. Volume II covers more difficult topics 
as well as a “deeper look” at those topics which have been previously 
presented, in a purely descriptive and empirical fashion. 

The student is first given a glimpse of the ‘whole’ and, as he 
gains maturity, is returned to the consideration of the ‘‘parts’’ which 
he then reassembles into his own more meaningful pattern. The 
resulting spiral widens gradually until the final approach becomes 
fully mathematical and analytical. Volume 1 is non-mathematical; 
Volume 2, mathematical at the intermediate level. Two volumes con- 
stitute a year’s course, Volume 1 serving for the first term, Volume 2, 
the second term. 

Each illustration is carefully selected and executed. The books 
are rigorously correct technically, yet g te and maintain interest. 
Basic demonstration experiments are described and model problems 
are set up and solved. 

The study of both volumes fully satisfies the requirements of the 
College Board as well as all local, regional and state syllabi. 
#195, Cloth bound, approx. 675 pp.., illus. 
List Price $8.95 Quantity Price to 


BASIC ELECTRICITY - BASIC ELECTRONICS 
by Van Valkenburgh, Nooger and Neville, Inc. 
The fabulous ‘’Picture-Books” that teach faster and easier! The 
theory, principles and practice of electricity and electronics are here 
ted in a that permits a rapid grasp of the fundamentals 
of these vitally important subjects. Over 1,700 specially prepared 
illustrations present, explain and make every topic picture-clear. 
BASIC ELECTRICITY 
#169, Soft cover, 5 volumes, 624 pages, illus., per set $10.00 
#169-H, Cloth bound (all 5 volumes in a single binding) $11.50 
BASIC ELECTRONICS 
#170, Soft cover, 5 volumes, 550 pages, illus., per set $10.00 
#170-H, Cloth bound (all 5 volumes in a single binding) $11.50 


Order your review copies today! School discounts apply. all 


JOHN F.RIDER PUBLISHER, Inc. 116 West 14th Street, New York 11, N.¥. 


JOURNAL OF CHEMICAL EDUCATION 


hool net $4.55 


on 


Wwe 
I 
¢ 
. 
i 
t 
: 
| 
| 
| 
q 
ae 
. 
| 
| 
Pa 
; | 
| 


e cloth 
nediate 
simpler 
t topics 
viously 


books 
nterest. 
roblems 


of the 
>i. 


et $4.55 


Grand new. 


Introduction to Organic Chemistry 


New in conception, new in 
execution! Part I—the theo- 
retical and factual material 


for a year’s course. Part II— 
L. “Applications to Research”— 

discusses the research leading 
M. FIESER 


to our knowledge of some 
specific process, compound, 
or group of compounds. 620p. 
$7.00 


College Chemistry 


Combines and integrates gen- 
eral chemistry and qualitative 
analysis. Medium level of 
NEBERGALL difficulty; well adapted to stu- 
and dents with no previous chem- 
SCHMIDT istry. Emphasizes and uses 
concepts of atomic and mo- 
lecular structure and chemical 

bonding. 796p. $6.75 


Basic Laboratory Studies 
in College Chemistry 


Keyed to Nebergall and 
Schmidt: COLLEGE CHEM- 
HERED ISTRY. Designed for greatest 
and convenience in laboratory use. 
NEBERGALL Contains directions for semi- 
micro qualitative analysis. 

216p. $3.00 


Kecent... 


Daggett and Meldrum: 


QUANTITATIVE ANALYSIS 480p. $5.50 
L. F. Fieser: 


EXPERIMENTS IN ORGANIC CHEMISTRY, 
Third Edition 364p. $5.50 


L. F. Fieser and M. Fieser: 
ORGANIC CHEMISTRY, Third Edition 


1117p. $9.00 
Hopkins and Bailar: 
GENERAL CHEMISTRY FOR COLLEGES, 
Fifth Edition 71lp. $6.75 


William C. Oelke: 
SEMIMICRO QUALITATIVE ANALYSIS 
386p. $4.50 


D. HEATH AND COMPANY 


+5 epee Chicago 16, San Francisco 


Home Office: Boston 16 
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J 
Essentials of Quantitative Analysis 
A. A. BENEDETTI-PICHLER, Queens College. 
This well-organized introduction to basic unit opera- 
tions is designed as a laboratory manual and reference 
pen tec ine and standards of performance. For 
oe. it provides specific nu- 
y degree of precision of many unit op- 
erations and supplies equations by which limits of error 
can be calculated for almost any quantitative operation. 
The book is also a reliable source of information for the 
calibration of weights. Throughout, emphasis is placed 
on manipulative techniques, use of equipment, and 
comprehension of unit operations. Concepts of ac- 
curacy are brought alive by consistent application 
throughout the course of study. Much important new 
information unavailable elsewhere in the chemical 
literature is included. “Impressive . . . thorough and 
firmly based on valuable practical detail. ”_The a 
Age. 138 ills., tables; 666 pp. $15 


The WORLD of ATOMS 


J. J. McCUE, formerly Smith College; with the assis- 
tance of KENNETH ”W. SHERK, Smith College. 
This important textbook serves as a comprehensive 
introduction beth to scientific method and to physical 
science. It focuses on atomic science as a coherent 
branch of study—including both physics and chemistry 
—and describes the chain of experiments and —_ 4 
ing concepts that have led to our present theories. T: 

book is organized around four basic questions: Why do 
we believe there are atoms? What do we know of their 
structure? What do we know of how they combine to 
form molecules? What do we know about the nucleus? 
Each concept is explained by a demonstrable experi- 
ment. Simple mathematics, based on the ower 
alone is used throughout. rofessor 
McCue has done an outstanding piece of research in 
correlating the physical sciences.”—Frank Cassaretto, 
Loyola University. 284 ills., tables; 659 pp. $6.50 


The EVOLUTION of CHEMISTRY 


EDUARD FARBER, Ph.D. The challenging story of 
the origin and history of chemistry told by an eminent 
scholar. Provides a deeper understanding of the con- 
cepts and methods of chemistry by integrating its evolu- 
tion with the onmarch of history in general and the de- 
velopment of science. The author shows how the de- 
velopment of theories and utilization of experiments 
have led to our present knowledge of the true nature 
of atoms, molecular structure, affinity, and chemical 
reactions. The chronicle is enriched by bi phical 
sketches, writings, and lectures of the world’s out- 
standing chemists. ‘“‘Chemists have reason to be grateful 
to Dr. Farber for having written a well-balanced, scholarly 
work on the history of their science.”"—Journal of the 
Franklin Institute. 30 ills., 349 pp. $6 


RUDIMENTS of CHEMISTRY 


ROLAND M. WHITTAKER, Queens College. This 
unusual textbook is essentially planned for two types of 
college students: Those who pro to take only a 

course in chemistry; those who want to acquaint 
themselves with the part chinaiatey plays in modern 
civilization, even thoi their basic interest lies in 


different fields of study. The book presents those 

theories that serve present-day chemists for explaining 

the nature, properties, and behavior of matter in its 

several forms. ‘“‘This text gives a clear and concise 

statement of the fundamentals of chemical theory.” — 
ashington 


ills., tables; 310 pp. 


University. 81 
$3.50 
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NATIONAL PRESS BOOKS 


Chemical Symbolism and Calculations, 3 

by S. W. Morse, San Francisco State College 5 

"dose valuable class time through intensive review of 

preparatory chemistry. $2.00 ‘ 

N BL Compact Heat Exchangers, by W. M. Kays and 
ee y y' 

A. L. London, Stanford University ‘ 


Uniform treatment of major heat transfer surfaces in 


the place to buy current use. _ $5.00 


Practical Clinical Chemistry—Principles, 


Simplifies and speeds up lab work. 3 vols. (paper) $4.50 
Ss sali ‘ Technics of Plant Histochemistry and 

pecia ists in chemistry text 50 Virology, by T. E. Rawlins and W. M. Takahashi, 
all publishers +6! 16 professional and University of California 


technical reference books and hand- Rapid identification of crystalline compounds. $3.50 
books for industrial chemists. THE NATIONAL PRESS Palo Alto, California 


You'll find the books you 
need — used and new — 
at B&N, America’s top Problems in Organic Synthesis 

educational bochdstore. 3rd ed.-METHODS OF SYNTHESIS IN ORGANIC CHEMISTRY 


by John H. Billman and Elizabeth S. Cleland 
COME - WRITE - PHONE e Outlines of the fundamental organic reactions. 


Extensive sections on nomenclature. 
obl 
Barn es & N —- Ine e Problems and Answers with explanations of the 


105 Fifth Ave. at 18th St., N.Y.C. reasoning involved. 
ALgonquin 5-1420 $2.75 255 pp 
Open daily to 5:45; Sat. to 5; Thurs. to 8. ind Uni Boo! : viele 


5 BOOK BARGAINS! $1 up! 


HIGHER MATHEMATICS — STUDENTS OF 
AND PHYSICS, W. Mellor. = 
ed. p.. 53/s X 8. Pa Yate $2.00 

THE PHAS RULE AND ITS APPLICATION, ‘A. 
enlarged edition. 235 dia 

ATO IC SPECT RA AND ATOMIC STRUCTURE. € 
80 illustrations. 272 pp. 


NEW SUBSCRIPTION RATES 
Effective with the January 1958 issue! 


The Board of Publication at the meeting in 
Miami came to the conclusion that the Journal 


53/, 8. $1.95 
ESHER RFOR TECHNICAL MEN, A. 
Klaf. 53/s X 8. Paperboun $9.00 
MATHEMA CAL RECREATIONS M. Kraitchik. 181 
illustrations. 382 53/, X 8. $1.75 
FOUNDATIONS OF. PHYSICS, R. Lindsay, H. Mar- 
enau. 551 pp. 53/s X 8. aperbo oda $2.45 
ERMODYNAMICS, E. Fermi. 170 pp. 53/s 8. 
Paperbound. $1.75 
THE RESTLESS UNIVERSE, M. Born. , 
illustrations. 61/4 X 91/3. Paper. 
ONS, E. Jahnke, F. Emde. 4th 
x 8. Paperbound. $2.00 
MATHEMAT ICAL * PUZZLES FOR BEGINNERS 
AND ENTHUSIASTS. G. Mott-Smith. 256 pp. 
53/s X 8. Paperbound. $1.00 
Are you on our mailing list? More than 150 inexpen- 
sive paperbound scientific reprints. Write for free cata- 
logues. Indicate interests. 


"Dept Dover Publications, Inc. 920 Broadway, N. 10, N.Y. 
Please send me the books that I have checked above. 
Please print 


GUARANTEE. guaranteed! All books returnable within 
10 days for full cash refund. 
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must have additional revenue in order to main- 
tain its high publishing standards. It was 
agreed that this additional revenue must come 
from both advertisers and subscribers. 


New advertising rates went into effect on 
July 1st and new subscription rates will become 
effective on December 15, 1957. Subscription 
orders received before that date will be ac- 
cepted at the current rates. 


CURRENT SUBSCRIPTION SUBSCRIPTION RATES 
RATES EFFECTIVE DEC. 15, 1957 


Order your subscription or renewal now. 
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20th & Northampton Streets—Easton, Penna. 
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MANOMETRIC TECHNIQUES 


by 
W. UMBREIT, 
ROBERT BURRIS, 
JOHN F. STAUFFER 
and associates 


Now completely revised, the 1957 
edition of MANOMETRIC TECH- 
NIQUES is available for your labora- 
tory use. Since 1945 this volume has 
been a standard reference in the study 
of enzymes. With this revision, there 
is added material on spectrophoto- 
metric, chemical, radioisotopic and 
electrometric methods, a new chapter 
on chromatography, and up to date 
coverage of the Thunberg technique 
and preparation of tissues, homog- 
— and particulate fractions from 
cells. 


Cloth bound; 8'/2 X 11; illustrated: 
photo offset 


TABLE OF CONTENTS 


The Warburg Constant Volume Res- 
pirometer 

Carbon Dioxide and Bicarbonate 

Direct and Indirect Methods for Car- 
bon Dioxide 

Calibration of Respirometers 

Useful Techniques in Manometry 

The Differential Respirometer and Its 
Application to Studies of Respira- 
tion, Fermentation and Photosyn- 
thesis 

Special Methods Employing Mano- 
metric and Electrometric Techniques 

“Thunberg Techniques’ for Estima- 
tion of Dehydrogenase Activity 

Methods for the Isolation of Particulate 
Components of the Cell 

Manometric Estimation of Metabolites 
and Enzyme Systems 

Colorimetry and Spectrophotometry 

Chemical Methods 

Design of Chromatographic Procedures 


Methods for the Analysis of Phos- 
phorylated Intermediates 

Preparation of Physiologically Impor- 
tant Intermediates and Metabolites 

References 

Index 


If you are interested in having your 
own manuscript published, you are 
invited to send for a free copy of our 
folder entitled A Publishing Plan for 
Educational Authors. Send your re- 
quest to the address below. 


BURGESS PUBLISHING CO. 


426 South Sixth Street 
Minneapolis 15, Minnesota 
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TECHNICAL BOOKS OF AMERICA 


A UNIQUE SERVICE FOR RESEARCH PERSONNEL 
AND INSTITUTIONAL & INDUSTRIAL LIBRARIES 


Check These Six Outstanding Features: 


1. BOOKS OF ALL PUBLISHERS FROM ONE SOURCE 
2. TEN DAY FREE APPROVAL 
3. FREE DELIVERY ANYWHERE IN THE UNITED STATES 
4. FULL RETURN PRIVILEGE 

- QUOTATIONS UPON REQUEST 


5 
6. FREE CATALOGUES AND A SUBSCRIPTION TO OUR 
TECHNICAL BOOK PREVIEWS 


To order any scientific or technical books listed or advertised 
in THE JOURNAL OF CHEMICAL EDUCATION 


Fill in and mail coupon below 


TECHNICAL BOOKS OF AMERICA, BOX J. D. 


SUBSIDIARY OF 


THE SCRIBNER BOOK STORE 
597 Fifth Avenue 


New York 17, N. Y. Eldorado 5-0650 


PLEASE SEND ME THE BOOKS LISTED BELOW: 


CASH ENCLOSED BILL ME 


[_] PLEASE PLACE MY NAME ON YOUR MAILING LIST FOR YOUR 
FREE CATALOGS AND PERIODIC REVIEWS OF BUSINESS, TECH- 
NICAL AND GENERAL BOOKS OF ALL PUBLISHERS 


s and announces 
ples, 
inger : 
$4.50 
and 
ashi, | 
50 : 
ions. 

A457 


TWO fast, 
accurate, 


MUST dependable 
BOOKS guides 
Just released FROM to the 


latest 
UNESCO SOURCE BOOK FOR SCIENCE |) Cort dala 


TEACHING 


Details for the construction and suggestions Serving the pharmaceutical 
for the use of adequate simple equipment oe eee and medical professions for 122 
for general science teaching made from ma- 25th 
terials everywhere at hand. Originally 
written for UNESCO by J. P. Stephenson chemical used 
of the City of London School, for use in Part 1—a complete commen- 
devastated countries—completely rewritten Le tary on all drugs recognized b 
by Dr. Ellsworth S. Obourn of the U.S. oe the U.S. Pharmacopeia XV, 
Office of Education when in charge of sci- For British 
armacopoela, nternationa 
ence teaching at UNESCO, now meets the Pharmacopoeia’ Vols. 1 and 2. 
needs of American teachers who value Includes antibiotics, hormones 
economy and the do-it-yourself principle. and steroids. Part 2—non- 


222 official drugs — medicinal 
Order from clusion in Part 1 art 3— 

. veterinary usage. Part 4— 


UNESCO PUBLICATIONS CENTER, U.S.A. ~ AM complete functional index. 


h 
152 West 42nd Street New York 36, N. Y. 


National Distributor for all UNESCO books and periodicals = . 2139 Pages $25.00 


Up-to-the minute information 
on 14,000 drug preparations, 


indexed and cross-indexed for 
quick reference. 


If you know the generic, 


chemical or trade name—any 
one—you can get complete 


In 
secon you can identify a 
1957 EDITION brand name with its generic 
combination when only e 
Inorganic Reactions major ingredient is known; 
earn the manufacturer, 
Organic Reactions forms, strengths, wholesale 
" units, usual dose and indica- 
Nuclear Reactions tions for use. The American 
Drug Index will save you 


lonic Reactions hours of valuable time. 
650 Pages $5.00 


if H e 

your purposes it may be returned within East Washington Square, Philadelphia 5, Pa. 
thirty days and full refund of purchase price In Canada—4865 Western Avenue, Montreal 6, P.Q. 
will be made Please enter my order and send me: 


THE DISPENSATORY OF THE UNITED 
OF AMERICA $25 


Remittance with order—$7.50 
PRICE pont 


ECLECTIC PUBLISHERS 


30 WEST WASHINGTON STREET 


CHICAGO 2, ILLINOIS Charge Monthly Payment Enclosed 
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Asimov, Ph.D. 


Books of tuterest, from... 
THE WILLIAMS & WILKINS COMPANY 
Medical and Scientific Publishers 


Edited by Norman Burke Taylor, M.D., and Allen E. Taylor, M.A. 
NEW 19th ed., 1710 pp., illus. (1957) © $12.50 


BIOCHEMISTRY AND HUMAN METABOLISM 
By Burnham S. Walker, M.D., William C. Boyd, Ph.D. and Isaac 


NEW 3rd ed., approx. 900 pp., 30 figs. (1957) © $12.00 


TEXTBOOK OF PHYSIOLOGY AND BIOCHEMISTRY 


By George H. Bell, M.D., J. Norman Davidson, M.D., and Harold 
Scarborough, Ph.D. 


3rd ed., 1080 pp., 587 figs. (1957) © $12.00 


PHYSIOLOGICAL BASIS OF MEDICAL PRACTICE 
By Charles H. Best, M.D., and Norman Burke Taylor, M.D. 


6th ed., 1370 pp., 588 figs., 4 color plates (1955) © $12.00 


THE WILLIAMS 


By Edwin A. Dawes, Ph.D. 
234 pp., 42 figs. (1956) © $5.00 


QUANTITATIVE PROBLEMS IN BIOCHEMISTRY 


COLE’S PRACTICAL PHYSIOLOGICAL CHEMISTRY 
By Ernest Baldwin, Ph.D., and David J. Bell, Sc.D. 


10th ed., 273 pp., 24 figs. (1955) © $6.00 


QUANTITATIVE CLINICAL CHEMISTRY 
By John P. Peters, M.D., and Donald C. Van Slyke, Ph.D. 


2nd ed., Vol. 1, Interpretations, Part 1. 


® $7.00; Part 2. In prep.; Vol. Il, Methods. 


(1932) © $10.00 


& WILKINS CO. 


Mt. Royal and Guilford Avenues 


BALTIMORE 2, 


MARYLAND 


1050 pp., 62 figs. (1946) 
1000 pp., 99 figs., 


232 MADISON AVENUE, 


Write us for examination copies 
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Revised 


> Ready soon: 
GRAHAM & CRAGG: The Essentials of 


An exceptionally fresh, interesting presentation of elementary chemistry 
authors of the “Introduction to the Principles of Chemistry” which has been 
called “rare and exciting,” ’’a magnificent illustration of what a textbook can be.” 


NEW YORK 16, N. Y. 


by ALBERT W. 


The NEW REVISED EDITION of 


“a really fine text by a really fine chemist”’ 


© with nearly 3 times as many illustrations, including many 
in the new 3-dimensional technique and two 12-page pic- 
torial inserts on the history and industrial applications of 


chemistry 


® many new exercises 


® new organization to allow for early treatment of atomic 


structure and chemical bonding 


These and other new features further enhance the teaching 
qualities of the text long and widely noted for its simplicity 
and exactness, its excellent treatment of bonding and valence 
and other basic pean, its one on group relations, its 


“exercises that make sense” 


602 pages 


General Chemishy 


LAUBENGAYER 


Rinehart & Company, Iuc. 
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6°" EDITION 


DISCOVERY 
Of the 
ELEMENTS 


Elvira 
Weeks 
COMPLETELY REVISED and RE- 
WRITTEN! 
Brought up-to-date to include 
all the exciting new discoveries 
of the past decade. . . the 
author has re-written every 
chapter, stressing the signifi- 
cance of early discoveries in 
terms of what we know today 
and incorporating all the new 
factual and anecdotal material 
that has come to light. 


SPECIAL CHAPTER ON ELE- 

MENTS DISCOVERED BY ATOMIC 

BOMBARDMENT By Henry M. 
Leicester, Ph.D. 


328 PAGES LONGER THAN FIFTH 

EDITION! Packed to the covers 
with fascinating and enter- 
taining new material. 


GREATER READABILITY! Com- 
pletely new format and type 
style have been employed to 
assure easy-to-read legibility 
throughout. 


TEACHER, STUDENT OR SEA- 

SONED CHEMIST, reading for en- 
joyment only, will find Dis- 
covery of the Elements an un- 
usual treat. Rarely has so 
much instructive information 
been presented in such delight- 
fully entertaining fashion! 

920 pages $10.00 postpaid 
ORDER YOUR COPY TODAY 

CHEMICAL EDUCATION 


PUBLISHING CO. 
EASTON, PA. 


Edward Williams Morley 


His influence On Science In America by Howard R. Williams 


This well written intensely human story of a pioneer in chemical education 
makes absorbing reading. Through careful and exhaustive research, 
Dr. Williams has gathered all available information about Morley the 
leader, the educator, the researcher and the man and presents it with a 
warmth and depth that enables you to feel the greatness of this scientist. 
“Edward Williams Morley was an extremely important figure in the field 
of science during the late 1800’s and early 1900’s. There was so much 
that was admirable and worthy of preservation in his character, in his 
daily life, and in his scientific work that it seemed that someone ought to 
take the time and interest to gather all the available information on this 
eminent scientist, and to put it into form so that future generations of 
young scientists might have the benefit of his scientific experiences and 
his living greatness. 

“His former students and associates think highly of him, and now and 
again tell an incident from his life to show the present generation what 
giants lived of old, but there has been no organized attempt to preserve 
his memory for posterity and he is rapidly becoming a legend rather than 
a living being who once walked the campus paths of Western Reserve 
College and University. 

“T found a personal interest in Morley’s life because of my position as 
teacher of chemistry at Western Reserve Academy which is now located 
on the campus of the old Western Reserve College where Morley began 
his career as teacher and research worker extraordinary. I was in almost 
daily contact with the building where he worked, the house where he 
lived, the campus views which he looked upon and the paths which his 
feet had helped to wear. It seemed the most natural thing in the world 
that I should feel almost as his direct heir and get the urge to do something 


of lasting service to his memory.” 
From the Author’s Introduction 


This rewarding biography belongs in the library of every chemist, educator, 
and student. 


EDWARD WILLIAMS MORLEY, His Influence on Science in America 
by Howard R. Williams, 324 pages including 45 halftone %6 50 
illustrations 


Chemical Education Publishing. Co. 


EASTON, PENNSYLVANIA 
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Laboratory Medical Research Industrial 


MICROSCOPES 


e MADE IN GERMANY by master craftsmen to our 
rigid specifications 

e OPTICS BY SEIBERT 

e GUARANTEED SCHOOL ACCEPTANCE 


e Priced far below microscopes of comparable 


e Accessory equipment, parts and supplies for 
all makes available. 
SEND FOR BROCHURE 
National Scientific Instrument Co. 


Specialists in Microscopical Instrumentation 


119 Chambers St., New York 7, N. Y. © BA 7-9234 


ANILINE ACETATE 
ANILINE PHOSPHATE 
ANILINE OXALATE 


1" Some of the many special chemicals we 


manufacture 


132 W. 22nd St. New York 11, N.Y. 
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7 power ILLUMINATED LOUPE 


Imagine, a precision-built 7 
power magnifier with built-in li ht . 


soevery detail stands out clear, sharp , 
regardless of outside illumination! Coated 
lens. Opening in housing permits use with 
other instruments. Wonderful for stamp 
collectors, banks, to check signatures; textile 
field, to examine fibers, materials; photo re- 


examine specimens; machine shops, auto 
mechanics—to check drills, plugs; jewelers, 
Lens diameter Removable linen 
tester plate for counting threads. An 
amazing value! Worth $9.95 $4.95 
(batteries not included) only “* ppd. 
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Lo Same features as above except 
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free samples and further information. 
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ACTIVE HALOGEN COMPOUNDS 


NBA (N-Bromoacetamide) 
57% Min. Act. Bro 
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antoin 


Hydantoin) 
55% Min. Act. Br: Guaranteed — 
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DIBROMAMINE “B” 
50.4% Min. Act. Bro Guaranteed— 
Ready source of positive bromine. 
NBS (N-Bromosuccinimide) 
44.5% Min. Act Br: Guaranteed— 

A snow-white, completely stable compound. 
PYRIDINIUM BROMIDE PERBROMIDE 
CsHsN HBr e Br: 

A solid, easily handled source of bromine. 
NCS (N-Chiorosuccinimide) 

25% Min. Act. Chiorine 
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Ready source of positive chlorine. 
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New 


VAN NOSTRAND 


Texts 


A SHORT COURSE IN 
QUANTITATIVE ANALYSIS 


By Hobart H. Willard, Professor Emeritus of Chemistry, 
University of Michigan; N. Howell Furman, Russel 
Wellman Moore Professor of Chemistry, Princeton Uni- 
versity; and E. K. Bacon, Professor of Chemistry, 
Union College 


This major revision by three noted authorities com- 
pletely covers the basic principles and tested proce- 
dures that form the core of quantitative analysis. 
The result is a coherent, vigorous text. 


The directions for laboratory work include only those 
determinations shown to be in general use today. 
Where alternate procedures exist, complete informa- 
tion is given. This presentation allows the instructor 
to adapt the course to each group of pupils. Analyzed 
samples are available for all determinations used in the 
text. Published this month 


ELEMENTS OF 
QUANTITATIVE ANALYSIS 


By Hobart H. Willard, Professor Emeritus of Chemistry, 
University of Michigan; . Howell Furman, Russell 
Wellman Moore Professor of Chemistry, Princeton Uni- 
versity; and Clark E. Bricker, Associate Professor of 
Chemistry, Princeton University. 


In preparing this new fourth edition (formerly Elemen- 
tary Quantitative Analysis) the authors have embodied 
every possible new method and improved technique. 
They present first the elementary principles and applica- 
tions, followed by more advanced theory in special mod- 
ernized chapters. 


and precipitate-forming titrations 
treated separately. 

e A chapter on colorimetry, including spectrophotom- 
etry, included. 

© Simplified statistical considerations briefly introduced. 


INSTRUMENTAL METHODS 
OF ANALYSIS 


By Hobart H. Willard, Professor Emeritus of Chemistry, 
Unisereity of Michigan; Lynne A. Merritt, Jr., As- 
sociate Professor of Chemistry, Indiana University, and 
John A. Dean, Assistant Professor of Chemistry, Univer- 
sity of Tennessee. 


This thoroughly rewritten Third Edition features 
important new material on gas chromatography, nu- 
clear magnetic resonance, near-infrared meth and 
constant current titrations. Many problems are added, 
along with expanded treatments of fluorescence, flame 

hotometry and infrared spectrophotometry. Current 
instruments and their operation are described with 
exceptional clarity. Coming Spring 1958 


INTRODUCTORY 
CHEMISTRY 


By Otto W. Nitz, Associate Professor of Chemistry, 
Stout State College 


Proceeding from a basis of sound principles, this out- 
standing new text stresses the practical application of 
eee. Written for one-year terminal courses in 
general chemistry, it presents an exceptionally clear dis- 
cussion of the chemical properties of common elements 
and their compounds. An appeal to the student’s 
interest in daily life, an introductory discussion of 
major chemical industries and industrial products ties 
in closely with familiar applications, such as steei, petro- 
leum, plastics, synthetic rubber, textiles. $5.75 


Other Important Chemistry Books 


COMPREHENSIVE INORGANIC CHEMISTRY, Edited by M. Cannon Sneed and Robert C. Brasted: 
Volume VI, THE ALKALI METALS, by John F. Suttle; HYDROGEN AND ITS ISOTOPES, by Robert C. Brasted. $6.00 


CHROMATOGRAPHY — second Edition, by E. Lederer and M. Lederer. $12.75 

SPOT TESTS IN ORGANIC ANALYSIS, by Fritz Feigl. $11.00 

ETHYLENE DIAMINE TETRAACETIC ACID, by Frank J. Welcher. (Ready in October) 
NUCLEAR RADIATION IN FOOD AND AGRICULTURE, by Ralph Singleton. 


The Geneva Series on the Peaceful Uses of Atomic Energy. (Ready in November) 


D. Van Nostrand Company, Inc. 


120 Alexander Street . Princeton, N. J. 
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out BOROSILICATE LABORATORY GLASSWARE 
s in 
_ KIMAX ... trademark for a hard borosilicate glass now being made by the Kimble Glass Company 
ent’s under the designation KG-33. Available in a line of laboratory shapes and sizes, both graduated 
a and chemical ware, which embodies the well-known Kimble quality, craftsmanship and accuracy. 
1es 
“a 
5.75 KIMAX borosilicate glassware offers the following: me . 
@ High resistance to heat, mechanical shock and chemi- OT 
cal attack. 
Low coefficient of expansion. Easily worked and 
sealed to borosilicate glass of similar properties. 
e@ Graduated ware individually retested to insure 
srasted: 
$6.00 @ Can be combined with standard flint glassware to NEW 


qualify for quantity discounts. SHELF PACK 


Approximately 1400 of the items listed in the new Showing new Kimble shelf packages 
Kimble catalog are being established by us as regular 
catalog items for immediate shipment from our stock. shelf space. 


NEW KIMBLE CATALOG SP-5. Describes new line of Kimax borosilicate glass 
as well as Exax and Tekk lines of standard flint glass. Write to us for copy, or 
directly to Kimble Glass Co., subsidiary of Owens-Illinois, Toledo 1, Ohio. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 


A. H.T. CO. 
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Announcing at a special pre-publication price. . . 


DANGEROUS PROPERTIES 
OF INDUSTRIAL MATERIALS 


By N. IRVING SAX 
Consultant on Industrial Safety, Nuclear Development Corporation of America 


Assisted By: LEONARD GOLDWATER, M.D., Professor of Occupational Medicine, Columbia University; WILLIAM B. HARRIS, 
Chief, Industrial Hygiene Branch, Health and Safety Laboratory, U. S. Atomic Energy Commission; JOHN B. HARLEY, Chief of 
the Analytical Branch, Health and Safety Laboratory, U. S. Atomic Energy Commission; JOSEPH J. FITZGERALD, Supervisor of 
Radiological Chemistry and Physics, Knolls Atomic Power Laboratory, General Electric Co.; and MILTON S. DUNN, M.S., M.D., 
Medical Director, Rensselaer Division, General Aniline and Film Corp. 


One of the Most Valuable Technical Books Ever Published 


This monumental volume is the eagerly awaited successor 
to Sax’s “Handbook of Dangerous Materials.” The imme- 
diate and outstanding success of the original book was due 
to the need for a convenient reference work on the hazard- 
ous properties of chemical compounds and other industrial 
materials to enable chemists, engineers or non-technical 
personnel to find quickly whether a given compound or 
material is potentially dangerous and what precautionary 
measures must be taken. 

This new volume now fills this need to perfection. It is 
an entirely rewritten and tremendously expanded version 
of the original work. The wide experience of the six 
highly qualified authors guarantees a thoroughness and 
dependability so necessary in the vital nature of safety 
information. The present work consists of nearly 1,500 
pages and over 8,500 materials as compared with 850 pages 
and only 5,000 materials in the old volume. The original 
objective of this work, to provide a quick, single SAFETY 
reference for those involved in the manufacture, use, han- 
dling, storing or shipping of hazardous materials, has now 
been fulfilled. Great effort has been made to eliminate the 
ae frequently found in first editions of hand- 

oks. 

Not only is this the most useful and complete book giv- 
ing encyclopedic information on the hazards of general 
chemicals and industrial materials, but it also contains 
vital safety information in comprehensive text sections. 


7” x 10”, 1,470 pages 


Price unti. December 31st, 1957: $19.50 
| 


Price aFTER December 31st, 1957: $22.50 | 


A Bible of Safety Information 


Toxicology and First Aid 

Ventilation Control 

Personnel Protection and Personal Hygiene 

Atmospheric Pollution 

Radiation Hazards 

Industrial Fire Protection 

Storage and Handling of Hazardous Materials 

Reactor Safeguards 

Allergic Disease in Industry 

Alphabetical Listing of Over 8,500 Chemicals and 

Industrial Materials Including: 
Synonym; Description; Formula; Constants; 
Toxic Hazard Rating; Fire Hazard; Explosion 
Hazard; Disaster Control; Storage and Han- 
dling; Labeling. 

Shipping Regulations 

Synonym Index 


AVAILABLE NOW! 


To be sure of a first-printing copy entirely on approval order from 


REINHOLD PUBLISHING CORPORATION 
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Dept. M-188, 430 Park Ave., New York 22, N. Y. 
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Low-Cost P-E Infracord* Spectrophotometer 


PRESENTS ITS DATA 
AS YOU LIKE IT 


The Perkin-Elmer Model 137 Infracord is a double beam spectro- 
photometer especially designed to give the bench chemist fast, 
accurate, easily interpreted data for his notebook. At a price of 
$3850, here’s what the Infracord offers you: 


SPEED — The Infracord 137 makes a full spectrum scan in 12 min- 
utes. Manual scan — for fast, simple analyses — can be done in one 
minute. Return to start takes one second. 


CONVENIENCE — The Infracord 137 features an easily accessible 
recording drum; removal is quick and simple. Spare drums may be 
loaded ahead of time, allowing the Infracord to be operated almost 
without a halt during rush periods. 

EASE OF INTERPRETATION — The Infracord 137 presents its data in 
the standard form used by the API and Patent Office, simplifying 
spectra comparison. The 8% by 11” recording paper fits conven- 
iently into notebooks, files, duplicating machines. The Infracord’s 
sensitive recording mechanism accurately transcribes all the data 
obtainable from the instrument’s fine double beam optics. 


For further information on how the P-E Infracord 137 can help 
your analytical program, write us at 870 Main Ave., Norwalk, Conn. 
*T.M. 


INSTRUMENT DIVISION 


Perkin-Elmer 


NORWALK, CONNECTICUT 


A472 


— 


STANDARD PROGRAM 


POLYETHYLENE GLYCOL SCAN TIME 12 MIN. 


| 
MANUAL PROGRAM | 
SCAN TIME’] od 


POLYETHYLENE GLYCOL 


Spectra above illustrate ability of Infracord to provide fas! 
answers when necessary. Lower spectrum was obtained in one 

inute by | rotation of the drum. Note close corre/ation 
with standard 12 minute run. 
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new 
RotoRelay - 


works like - 
. a motor 


LAY 


Electronic Relay Model #4 is the most important advance in the 
design of highly sensitive electronic relays for the control of 
relatively large amounts of power. Every conceivable relay improvement 
is embodied in this new instrument. It is designed with the new 
RotoRelay, a completely sealed mercury contact relay in a steel chamber. 


RotoRelay employs a sealed mercury switch tube which is tilted to the 
open-circuit or closed-circuit position by a highly efficient magnetic 
circuit. There is no sliding plunger within the mercury tube. This means 
you get positive action . ..no danger of sticking or breaking! The d.c. 
power impact for reliable operation of RotoRelay with a 35-amp mercury 
tube is less than one watt, compared with four watts for a mercury 
plunger relay. 


Also you achieve direct current in the control circuit. You can use 


\GRAM 
MIN unlimited lead wires to your control, making it independent of 
capacitance changes. The control circuit operates with micro currents. 
The Electronic Relay Model #4 is in a corrosion resistant case 
convenient for permanent installation or bench use with a 15 amp 
line cord and power receptacle. 
For complete information, write your Laboratory Supply Dealer 
TABLE OF RELAY CHARACTERISTICS — Model #4 
OGRAM 
Current | 35 amps. 115 volt AC 
age Control Voltage | 7 volts DC open circuit 
vide 
d in one 


Control Current | 1.5 microamps DC closed circuit 


Catalogue No. | M24875 


orre lation 


20-26 N. MOORE STREET - NEW YORK 13. NEW YORK 


Price | $115 
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chemist... but a constant worry to you 


There goes the sulphuric acid. What else is 
in the tube? 

But those hairs of yours that are turning 
gray can go back to their natural color. The 
glassware he’s using is PYREX brand. You do 
have time to get there and check the con- 
tents of his concoction. 

The Pyrex tube your adventurous student 
is using will take the chemical and thermal 
reaction of the acid, even over the Bunsen 
flame. 

And, when he sets down that cylinder it 
won't tip over. It has a wide-area, hexagonal 
base—exclusive, for years, on PYREx brand 
cylinders. 


Good thing your requisitions read “PyREXx 
brand labware.” Smart buying, too. Your 
school gets the best in laboratory glassware 
. .. and it actually costs less over the long 
haul. Less breakage. Less likelihood of acci- 
dents. 

Pleasant to read and extremely inform- 
ative is our newest publication, This is Glass. 
Its 64 pages explain what glass is, how it is 
made, and where it is used. Write for your 


copy. 

m CORNING GLASS WORKS 

y 76-10 Crystal Street, Corning, N.Y. 
Comming means research i 


PYREX’ laboratory ware 


. . . the tested tool of modern research 
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Here's new drama for your physics, chemistry or biology 
classes, new understanding for your students of a sub- 
ject that is so vital today . . . the why’s, what's and how's 
of radioactivity. 

You can get, and hold, the interest and attention of 
every student in evety class, no matter how large, with the 
Classmaster. Even ‘the back-row gang’’ can see and under- 
stand Classmaster demonstrations, for a flashing light and 
speaker supplement the meter to indicate radioactivity. 

In addition to its use as a complete demonstration 
and teaching unit in elementary courses, college level 


Nuclear-Chicago Model 1613A Classmaster consists of: 

A Electronic radioactivity demonstrator with meter, flashing 
light, and speaker count indicators; regulated high voltage 
power supply. Operates on usual 110-volt circuits. 

B, C and D Set of one each, lead, aluminum and card- 
board cylinders to illustrate ‘‘scatter’’ produced by beta 
radiation. 

E, F and G Set of 15 aluminum, 20 cardboard and 10 lead 
absorbers to demonstrate radiation absorption. 

H Extendable probe with sensitive thin wall Geiger counter. 
J Calibrated mounting fixture with probe clamp and slots 
for absorbers. 

K Two completely safe radium beta-gamma radioactive 
sources for measuring detector efficiency, radiation inten- 
sity, coincidence losses, geometries. 

L Instruction manual clearly outlines demonstrations and 
simple operation of Classmaster. Contains radiation theory, 
diagrams, exercises, experiments and test questicns. 
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students can use the Classmaster for biological tracer 
studies. Classmaster experiments provide a sound 
basis for advanced lab courses using more complex 
nuclear instrumentation. 

Don’t wait. Equip your students with the knowledge 
they need to live and function as useful citizens in this 
Atomic Age. Call this advertisement to the attention 
of your principal or board and urge immediate addition 
of this superb teaching tool. No progressive high school 
or college can afford to be without it . . . especially at 
this low, low price. 


Nuclear-Chicago Model 1613A Class- 
master is available for prompt shipment 


Only $194.50 


on receipt of order. Price complete as shown. Guarartteed 1 Year. 


For informative brochure listing experiments and dertfonstrations 
you can perform with Classmaster or for full information on other 
Nuclear-Chicago tadiation laboratory instruments . . . scalers, 
monitors, detectors and accessories . . . write: 


nuclear - chicago 


o ~ 


you can have the most interesting 
class in your school! 


Demonstrate complex phenomena of 
radioactivity easily, understandably with 


239 WEST ERIE STREET + CHICAGO 10, ILLINOIS 
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FOR YOUR INFORMATION 


>» new polyethylene pipe compound 
> ammonia data book 


Polyethyiene pipe 
Flexible plastic pipe for water 
service and industrial applications. 
Chemical-resistant plastic pipe 
for transmission of solvents and 
hydrocarbons in the oil and gas 
fields. Pipe that is resistant to im- 
pact, heat and other stresses. 
These are some of the advances 
made possible by a unique new 
polyethylene pipe compound de- 
veloped by Allied Chemical. A 
very high molecular weight poly- 
ethylene, it is the successful cul- 
mination of 10 years of basic re- 
search at our Central Research 
Laboratories. It is now in com- 
mercial production. 
Development work is now un- 
derway to find other uses for the 
resin’s exceptional physical prop- 
erties, for the time when the 
production rate permits sale be- 
yond pipe manufacture. Likely 
candidates for new uses are 
tubings, films, sheets, tiles, mold- 
ings and fibers. 


_This distinctly different poly- 


New plastic pipe made by Orangeburg Mfg. Co. 


ethylene resin made at low pres- 
sure is the best thing yet for ex- 
truding a superior polyethylene 
pipe. Pipe being made from the 
new A-C polyethylene pipe com- 
pound has high bursting strength, 
resistance to impact, shows no 
stress cracking, has superior heat 
resistance and resistance to chemi- 
cals, organic solvent and hydro- 
carbon liquids. 

These properties are due to the 
high molecular weight 
— on the order of 750,- 
000 — and structure of 
‘the polyethylene’ mole- 
cule, not present in an 
other known 
ene. These new qualities 
will greatly expand the 
acceptance of plastic 
pipe for water service 
and industrial applica- 
tions. A common fault 
of some polyethylene 
pipe has been environ- 
mental stress cracking ; 
this is entirely over- 
come in pipe made of 
this new resin. 

Also, tests indicate 
the pipe will be suitable 
for carrying solvents 
and hydrocarbons for 
oil and gas pipe lines, a 
use denied to conven- 
tional polyethylene pipe. 
There is a growing need 


A-C is an Allied Chemical trademark 


Barrett 
Generali Chemicai 
National Aniline 
Nitrogen 
Semet-Solvay 
Solvay Process 
International 


in this field for a flexible, tough 
pipe, resistant to the corrosive 
conditions which attack steel pipe. 

A-C polyethylene pipe compound 
has an unusually high melt viscos- 
ity, reflecting its great molecular 
weight, and requires special tech- 
niques for manufacture of pipe. 

The new resin is a companion 
product to a line of low molecu- 
lar weight polyethylene products 
introduced on a commercial scale 
in 1954 by Allied. These are used 
in the injection molding of many 
household items, and as additives 
in paper coatings, polishes and 
printing inks. 


Ammonia data book 


A new 68-page technical book on 
ammonia has been prepared by the 
largest ammonia producer, Allied’s 
Nitrogen Division. 

The comprehensive manual is 
actually a two-in-one piece: the 
first section on ammonia, and the 
second on ammonia liquor. Its 
contents include major uses, physi- 
cal and chemical properties, spe- 
cifications, shipping and storage 
procedures, physical tables, graphs 
and analytical procedures. 

Major ammonia consumers — 
industries such as explosives, tex- 
tiles, petroleum refining, refriger- 
ation, pulp and paper, metallurgy 
and synthetic resin — will be in- 
terested in this up-to-date infor- 
mation. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y, 
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IFOR THE LATEST NEWS 
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| Write for your regular SPOTLIGHT 
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CATION 


SPotlights will bring you valuable and 
newsworthy information on the latest 
laboratory equipment and technics—including 
special savings and values on approved 
supplies and instruments. 


To receive your free SPotlights, just fill out 
and mail the coupon at right. Se 
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Scientific Products 
Division of American Hospital SupplyCorporation 


Department CE * 2020 Ridge Avenue « Evanston, mW. 
Please place my name on your mailing list for S 


P Bulletins. 


__State 
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An outstanding addition to the most 
complete of Centrituges in the industry! 
and electric tachometer automatic dimer, timer 
cutout switchs \ow voltage release and pilot 
speeds UP to 17,000 forces UP to 34,39 x6. 
connection to centrifug® by extension cord. 
\ Completely sealed 8 50 ml head. adapters available for 10 
\ and 15 mi tubes: Selt-alancin® controlled drive 
\ eliminates need for palancing nead- 
\ \ \ O Unit is 24 in. high, 14 in. wides 47 in. deeP- y, 
For 115 volts AC, 50-60 cycle single phase: 
\ D No. Model HT Cen 
trifuge- g-piace head for 50 tubes (put 
| 


“hard glass” 


KIMAX 


KIMBLE ... mow your most complete 
provides 


* Send for your free copy 


of the new Kimbie 
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A new opportunity for economy with quality 
guaranteed ... take advantage of the extensive 
Kimble listings for maximum discounts 


Kimble’s trade-mark for labora- 
tory glassware made of tough, 
hard KG-33 borosilicate glass . . . 
assures maximum durability, de- 
pendability and extra long life. 


for highest standards of thermal 


and mechanical shock resistance. 


for outstanding resistance to 


chemical attack. This means long 
life with sparkling clarity. 


KIMAX 


ungraduated glassware provides 
outstanding resistance to heat 


and mechanical shock and con-: 


forms to the most accurate toler- 
ances of dimensional uniformity. 


graduated glassware is individu- 
ally retested for accuracy... 
markings are permanent, stay 
sharp and clear for a lifetime. 


KIMAX 
completely interworkable with 
your existing “hard glass” ware... 
same coefficient of expansion . . . 
easy to repair and modify by using 
simple glass blowing techniques. 
KG-33 tubing is readily available 
for your special glass blowing 


requirements. 
Now—earn maximum discounts by 
ordering all your laboratory glassware 
from one catalog! 


Kimble Glass Company, 

subsidiary of Owens-Illinois 

Dept. JE-10, Toledo 1, Ohio 

Please send me the new Kimble Cata- 
log which includes the new Kumax 
borosilicate laboratory glassware line. 


KIMAX is a trade-mark of Kimble Glass Company 


Owens-ILuinoIs 


GENERAL OFFICES + TOLEDO 1, OHIO 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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“Chill-Chaser” 
AUTOMATIC ELECTRIC 


IMMERSION HEATERS 


Raise and maintain temperature within I° F.+ 


Chill-Chaser is a completely self-contained heating unit with a built-in thermostatic 
control. It requires no special wiring, or outside controls. 


Chill-Chaser is designed for quick, easy, efficient and safe operation. It gives uninterrupted 
service over a long period of time and is insulated against electric shock. The 20” and 40” 
models have built-in ground wire. 


Thermostats are factory calibrated so that you can dial your required tem- 
perature range. It is important that you specify which operating range you 
require when ordering from the table below. 


Heating element is sturdily made of acid-resisting steel alloy. A steel hook 
is provided for hanging unit on the edge of a vessel. Plastic finger-grip 
handle always stays cool. Fer use on 115 volts 60 cycles, A.C. Supplied 
with 6’ of rubber-covered electric cord and unbreakable plug. 


Note: At a nominal charge of $5.00, a pilot light can be furnished on 
the Chill-Chaser to indicate when heat is off or on. 


ORDER TODAY! 


PHOTO AND X-RAY LABORATORY IMMER- 
MODEL | WATT- | OPERATING | MODEL | WATT- | OPERATING SION | OVERALL 
NUMBER | AGE RANGE [NUMBER| AGE RANGE | LENGTH | LENGTH | WIDTH 


JC64901 | 500 | 62°-122°F 500 | 105°-212°F s” 1%” 
A 250 | 62°-132°F H 850 75°-212°F 8” 12” 1%” 22.00 

B 250 | 62°-132°F ! 850 | 100°-212°F 10” 14” 1%” 23.00 

Cc 250 | 62°-126°F 850 | 115°-212°F ) Pad 16” 1%” 25.00 

D 250 | 62°-115°F 850 | 125°-212°F 15” 19” 1%” 26.00 

E 

F 


250 | 62°- 98°F 850 | 140°-212°F 20” 24” 1%” 29.00 
62°— 92°F 950 | 150°-212°F 40” 44” 1%” 39.00 


& 
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COLOR REACTIONS —WATER, WINE, MILK 


R. E. Dunbar, North Dakota State 


Submitted by: 


College 
Checked by: Norman L. Crawford, Parma High School, TESTED a ei 
Parma, Michigan 4 Chem kd DEMONSTRATION 
PREPARATION DEMONSTRATION 


Prepare containers indicated below. Five drinking Fill the five prepared glasses with the distilled water 


glisses or 250-ml. beakers; one transparent glass or from the large pitcher. The colors will be alternately 
plastic pitcher or 2000-ml. beaker; and one-quart glass clear and wine colored. Return the contents of each 
: milk bottle are required. glass to the large pitcher, beginning with glass number 


1, containing the H:SO,. Now fill the milk bottle with 
the combined solutions as present in the large pitcher. 


PREPARATION OF CONTAINERS 


(1) Glass with 2 ml. 36 N H.SO,. REMARKS 
(2) Glass with 2 ml. 6 N NaOH. 


Other water, rather than distilled water, may be 


(3) Empty glass. ql used provided the pH is correctly adjusted, and the 
(4) Glass with 2 ml. 6 N NaOH. amounts of H.SO, and NaOH correspondingly checked. 
(5) Empty glass. Eprror’s Nore: See also Brtiincer, R. D., J. Cuem. Epvc., 


(6) Pitcher filled with distilled water and generous 5, 717 (1928). 
amount of phenolphthalein indicator. 

(7) Quart milk bottle containing 5 ml. of saturated 

SbCl; in 12 N HCl. 
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ELECTRICITY BY CHEMICAL REACTION CA Chem kd 


Submitted by: Fidel Villarreal G., Institute Tecnolégico de Monterrey, 
Mexico 
Checked by: D. A. Dreisbach, Hiram College, Hiram, Ohio 


PREPARATION 


Connect one terminal of an electrical socket holding an ordinary small 
photoflash bulb to a 1-ft. length of No. 16 copper wire with its lower half 
wound into a spiral. Connect the other terminal to a battery alligator 
clip, and insert in the clip a 12-in. length of magnesium ribbon wound into 
aspiral. Prepare 200 ml. of 6 N H.SO,. 


DEMONSTRATION 


(a) Drop a 12-in. length of magnesium ribbon into a test tube quarter 
full of 6 N H2SO,; hydrogen gas is evolved. Hold a lighted match at the 
mouth of the test tube; the hydrogen-air mixture explodes with a pop. 
(b) Lower the magnesium ribbon and copper spiral simultaneously 
into a 150-ml. beaker containing 100 ml. of 6 N H,SO,; electricity is 
generated, setting off the photoflash bulb. 


Epitor’s Note: A somewhat different version of this 

DISCUSSION experiment using a 1.5-volt flashlight bulb in place of the 
hotoflash lamp was noted by one of the Oak Ridge Traveli 
Beienes Demonstration Teachers last year. It was presen 

at the Institute for High School Teachers of Physical Science 


Contrast the molecular with the ionic equations for this reaction: Viz.: 


+ - and Mathematics at Michigan State University this su 
2H:0* + 2e~ — H: + 2H:0 Mg + H:SO.-—> MgSO. + H: by Lloyd V. Short of Lake Linden-Hubbell High School, Lake 
Mg —_ Mg + 2e Linden, Michigan. An ammonium chloride solution may be 


substituted for the sulfuric acid. 


Indicate that when the external wire connects the magnesium and copper, 
the electrons preferentially flow through the external wire, setting off the 
photoflash bulb. Journal of Chemical Education - October, 1957 
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THERMISTOR THERMOMETER 
£0.1°C Sensitivity 
Direct Indicating 
Quick Response 
Portable 


THERMOMETRIC BRIDGE 
Up to +0.001°C Sensitivity 
Dial Setting 
Reproducible 
Quick Response 


. - Thermistor Actuated 
Temperature 
Indicating 


Devices 


$-81610 THERMISTOR THERMOMETER —A 
variable multi-range continuous indicating 
instrument for temperature measurements 
with an accuracy in the order of 0.1°C. 
The unit contains a Wheatstone bridge 
and a micro-ammeter whose scale may be 
interpreted in terms of temperature after 
calibrating a selected range. Located on 
the front panel are three calibrating and 
standardizing controls, range switch, op- 
eration switch and an element cable socket. 
A twelve position switch provides for 
coarse balance of the bridge. 

Depending on the application, select 
from the three types of elements the most 
suitable for use with the Thermistor Ther- 
mometer (see listing). Complete with dry 
cell battery, without thermometric ele- 
$-81600 THERMOMETRIC BRIDGE—Ther- 
mistor Actuated. For use in conjunction 
with a standard recorder or galvanometer 
for measuring and recording differential 
temperatures over the range of —10°C to 
200°C with a maximum precision of ap- 
proximately 0.001°C depending on the 
sensitivity of the indicator. The unit con- 
sists of a Wheatstone bridge circuit, one 
arm of which is an S-82075 Thermometric 
Element. Depending on the application, 
more suitable elements may be substituted. 

The balancing arm of the bridge is com- 
posed of two ten-turn resistors in series. 
The resistances are in the ratio of 100 to 1, 
providing coarse and fine adjustment. 
Wire wound resistors of low temperature 
coefficient insure stability. A ten-turn po- 
tentiometer and dry cell battery comprise 


$-81610 THERMISTOR 


the power supply and provide a means of 
adjusting applied voltage from 0 to maxi- 
mum of 1.5 volts which in turn provides 
sensitivity adjustment. 

Recommended recorder range for pre- 
cise measurement, 0 to 2.5 millivolts; 
recommended galvanometer sensitivity, 
0.0003 microamperes per millimeter. Com- 
plete with S-82075 Thermistor Assembly, 
S-82076 Connecting Cable and cable for 
attachment to standard recorders or 
galvanometers............ ....$170.00 


ELEMENTS 


$-81620 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, Low Range, Plain. Range, 
a to 100°C. With electrically shielded 


$-81621 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, High Range, Plain. Same as 
S-81620 but with high resistance thermistor 
for use from 80°C to 200°C $16.90 


S-81630 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, Low Range, with Grinding. 
Similar in construction to S-81620 but with 
10/30 goss with a 65 mm immersion 
depth. With electrically shielded cable$16.00 


S-81631 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, High Range, with Grinding. 
Same as S-81630 but with high resistance 
thermistor for use from 80°C to 200°C $18.80 


$-82075 THERMOMETRIC ELEMENT — Ther- 
mistor, Metal, Shielded, Low Range. Com- 
plete with thermistor and chromium plated 
case and shield. Without S-82076 connecting 
10.00 
$-82080 THERMOMETRIC ELEMENT — Ther- 
mistor, Metal, Shielded, High Range. Same 
as S-82075 but with high resistance thermis- 
tor for use from 80°C to 200°C $ 


$-81600 THERMOMETRIC BRIDGE 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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So you may try the finest... 
S&S FILTER PAPER SAMPLER 


To acquaint more chemists with the advan- 

tages of S&S Analytical Filter Papers, we 
ans of : invite you to mail the coupon for a free 
maxi- ~ os ae sampler made up of many grades. 


one S&S Filter Papers are known for their con- 
sistent accuracy, physical uniformity, and 
tivity, am (>) eg a wide range of types from which to choose. 
If you demand only the finest working tools, 
for : send for your S&S Filter Paper Sampler. 
of Make your own tests. Compare. 


Ther- 
Range, 
lielded 
$14.00 


Ther- 
ime as 
Ther- For retention values at a glance... 


nding. 


6 with S&S FILTRATION CHART 


ersion 
$16.00 
Ther- Here is complete data on the relative reten- 
as. tion values of S&S Analytical Filter Papers 
$18.80 and other brands, in convenient form for 


on ready laboratory reference. 
pees This easy-to-read, desk-size chart shows at 


$10.00 a glance which filter paper grade to use for 


Ther- i i 
_. a given analysis. 


= You'll want one of these valuable, time- 
saving S&S Filtration Charts. To get yours, 
just fill out the coupon below, and mail. 


For the Bacteriologist and Chemist... 


Here is a 4-page folder giving 
detailed information and 

Dept. JC-718Keene, New Hampshire 
of rma filters, including Please send your free S&S 

technique for sterilization, C Filter Paper Sampler 

filtration, and cultivation. C Filtration Chart |§ (1) Membrane Filter Folder 
The folder describes the new 
S&S “Bac-T-Flex’’* flexible 
membrane filter, with the 

larger-sized green grid designed oe 
for easier and more accurate Address__ 
counting of bacteria colonies. 
Send for your free copy. City, 


Name_— 


*“Bac-T-Flex” is a trademark 
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SEAMLESS! 


NO JOINTS 
NO PLUGS 


WILL NOT CORRODE or 
CONTAMINATE SOLUTIONS 


LANCO LOZENGE Teflon-covered 
MAGNETIC STIRRING BARS 


ACTUAL SIZE 


THIS NEW LANCO LOZENGE® magnetic stirring bar 
is the first and only one on the market to be completely 
molded in one-piece Teflon . . . without seams, joints, 
or weak spots . . . not cemented or plugged . . . guaran- 
teed not to fail . . . the product of the first Teflon- 
molding process to succeed in completely encapsulating 
magnetic stirring bars! 


Each and every LANCO LOZENGE® Teflon-covered stirring 
bar is electrically tested with a high-frequency spark that de- 
tects possible pin-holes, fractures, or soft spots. 


LANCO LOZENGE® stirring bars are made from powerful 
Alnico V magnets completely molded in Teflon and sintered to 
produce a homogeneous, uniformly thick capsule. Only Teflon 
is used—no cement, filler, or additives. 


LANCO LOZENGE® Tefion-covered stirring bars—unlike all 
others—have no joints. Ends are not plugged, as on some Teflon- 
coated stirring bars. Nor is the Teflon cover made in two pieces 
and joined together later. Encapsulation of LANCO LOZ- 
ENGES® is complete! 


A complete range of stirring bar sizes is AVAILABLE FROM 
STOCK. Look for the LOZENGE® .. . exclusive with Arthur 
S. LaPine and Company! 


No. 384CE03 Teflon-Covered Stirring Bars 
Nominal Length, inches. . . . 

Lots of 12, each............ 
May be assorted. 
®Trade-mark Registered. 


NEW LANCO TEMPUNIT 


Controls Temperature 


Pneumatic control system holds uninsulated 4-gallon water bath to +0.05° C. from 


room temperature to 90° C 
tainer. 


Stirs and Circulates 


1000-watt immersion heater. Tempunit fits on any con- 


Brushless, fan-cooled !/2-HP motor drives 6-bladed stirrer. Suction from stirrer will 
circulate water at the rate of one liter per minute to accessory instruments such as re- 


fractometers and viscosimeters. 


Safe to Operate 


Safety features protect the water bath from overheating, and the Tempunit from damage 


due to low water level. 


Easily Attached to Any Container 


Fiber-cushioned clamp fits flat or curved surface. Weight only 5!/2 lbs. Overall height 
only 10”. Case dimensions 5!/2" x 41/," x 3'/2”._ For 115 volts, 60 cycles AC. 


ORDER NOW! 
No. 414CE60, each.......... 


ARTHUR S. LaPINE and COMPANY 


LABORATORY SUPPLIES @ EQUIPMENT e REAGENT AND INDUSTRIAL CHEMICALS 
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AMERICAN LABORATORY APPARATUS CORPORATION INTRODUCES... 


NEW! AMLAB ELECTRO-HYGROMETER* | NEW!AMLABVORTI-STIRRERS*“... 


inaccessible locations. 
motion for vacuum or pressure mixing 


e Range 30 to 
100% R.H. e No dead spots . 
at 32°F to 
180°F. Foamless mixing 


eRemote 
sensors to 
100 ft. | METER HERE! 


e Heavy duty, hazard 
safe motor 


e. Precision construction 
¢ Speeds from 100 RPM to 


Integral voltage 
regulator for neg- 
ligible power drain 


during continuous 1200 RPM 
duty. i 
Read % R.H. accu- Model S-304 
rately and directly 
witheut the use of Without vacuum or pressure j 
conversion tables. attachments 1! 
e Precision engi- Complete........... $75.00 Model VP-305 
neered, compact 
LOZ- Model 2 Additi 
complete $97.50 dditional 6” stirring elements................. ea.. $2.65 
FROM 
je es Please request Bulletin #301 for complete specifica- Please request Bulletins #304 and #305 for complete 
tions. Switch gear and control accessories available. specifications. 
Large NEW! AMLAB FREEZE-DRYING SYSTEMS 
3.00 Specifications: COLD CAR-MODEL 200-15 ...at the lowest prices ever! 
2.70 


e Includes noiseless,vibrationless, two-stage Cenco Hyvac 2 Vacuum Pump. 
e Hastings Electronic Vacuum Gauge, continuous duty, 0-1000 microns. 
Assures constant duty reading. Free of mercury contamination risk. 

e Stainless steel car, 27” x 16” x 40” with 8” wheels and heavy-duty 

swivel casters 

¢ Manifold, 20 individual 4%” ports, 1” exhaust port, stainless steel, com- 

plete with connector tubes and vacuum plugs. 

e Coldwall Vacuum condensing chamber, 18-8 stainless steel, electronic 

high-polish finish. 8 liter total capacity with 3 liter Coldwall refrigerant 

container with stainless steel cover. Port 
connections to vacuum chamber and pump. 
Gum rubber gasket. 

e Dry Ice Reservoir, made of 2407 aluminum, 

with sliding cover. 

e Electric automatic timer and warning system. 

e Capacity suitable for overnight use. 

e Wide, gravity-flow exhaust port for rapid 

evacuation. 

Complete with motor, base, pulleys, V-belt, COMPLETE UNIT..... $895.00 
installed ready for operation 

Request AMLAB Bulletin 4303 for complete specifications. 

- COLD-CAR MODEL 200-10 « Provides efficient and economic facilities for 
freeze-drying batches of samples in a variety of containers. e Specifications: Same 
as Model 200-15 except in the following— ¢ Vacuum drying chamber—all 
18-8 stainless steel parts with carrying handles, electronic high-polish finish 
for auto claving; Lucite cover 12%" x %", three 9” x 1%" trays. Typical capacity: 
250-5 ml. serum bottles. « Built-in radiation heating unit, with panel controls. 

Please request AMLAB Bulletin 4302 for complete specifications. 


COMPLETE UNIT $865.00 


tps Contact laborato ly dealer M AB 

U.S.A. your L | American Laboratory Apparatus Corporation 

for all of the above items or write > 
products o 


° 9955 Broadway, New York 24, New York 


*Patent Pending 
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Engineered for years of reliable, efficient 
service in the Laboratory... 


‘Water Bath Shaker 


Ideal for many 
studies and reactions 
requiring tempera- 
ture-controlled 
conditions during 
agitation 


A compact, simple apparatus for enzyme studies, fermentations, bacterial incubation, 
tissue slice work, homogenate research, R. Q. investigations, tissue cultures... also many 
diffusions, extraction, dialyses, etc. 


Interchangeable Trays hold flasks in 
controlled temperature water bath. 


Stainless Steel Rack Frame mounted 


reducer, ball bearings, sealed-in lubrica- - 


tion. Variable transformer permits adjust- 
ments of reciprocating rate to select proper 


on tank with 4 sealed Ball Bushings for agitation. 
minimum friction. Height adjustable in nine Heavy Cast, Insulated Water Tank 


Ve" steps. ensures uniform temperature. Heated by 
<p four 375-watt elements with thermostat S 
Sealed Ball-Bearing Cam on motor control. 5. 
~ shaft produces reciprocating motion. Ad- 


Simple Control Panel contains hi-low 

selector switch, speed and temperatpre 
‘High Quality Driving Motof—variable- controls, etc. Motor and heater circuits. 

speed, universal type, with worm gear individually fused. 


justable to 3. stroke lengths. 


Cat. No. JW-2820— SHAKER, complete with one Flask Tray accommodating a 
25, 50, 125, 250, 500 or 1000 mi. sizes (Please specify), Instruction Book. .... . . $550.00 


Write for complete Information Bulletin today 


SCHAAR 
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‘DEMONSTRATION | ABSTRACTS 


from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


O 5s. THE STATES OF MATTER. 
SOLUTIONS. 


ATOMIC AND 


MOECULAR WEIGHTS. 
(Continued from September) 


D. THE SOLID STATE (Continved) 
Solidification (Continved) 


(b) Cooling curves. Substances are cooled from consider- 
ably above their m.p., with a thermometer in them, the 
temperature being read every quarter minute for up to 40 
minutes. Substance with low m.p. are placed in an ice 
bath. For sulfur, alum, water, and oxalic acid the tem- 
perature falls steadily to several degrees below the freezing 
point, then rises to this melting point, then again falls. 
Amorphous substances, like paraffin or caramel, show no 
such rise in temperature, i.e., there is no real solidifying 
point, there is only a range of temperatures; through which 
the substance slowly hardens. (Graves, 8. S., 6, 776 
(1929).) 

(c) Cooling by evaporation. (1) An electric fan blows air 
over a Petri dish set in an open window; fill the dish '/;rds 
full of water, and cover with a watch glass into which ether 
is poured from time to time as evaporation continues. 
Within 15 min. a 1 cm. layer of ice has formed on the bottom 
of the watch glass. (2) Water containing alcohol, glycerine 
or salts will form less quantities of ice, showing the lowering 
of the freezing point. (Hausen, S. S8., 9, 1115 (1932).) 

(d) Two-component systems. Cool the following, stirring 
with a thermometer and noting the initial temperature of 
solidification. (1) p-toluidine, m.p. 43°C.; (2) a-naphthol, 
m.p. 94°C.; (3) a compound containing 43.6% (1) + 
56.4% (2), m.p., 50°C.; (4) a eutectic containing 75.5% 
(1) + 24.5% (2), m.p. 26°C.; (5) a eutectic containing 
33%(1) + 67%(2), m.p. 47°C. A student exercise. 
(Briers, F., 13, 346 (1936), abstracted from Sch. Sci. Rev., 
17, 461 (1936).) 

(e) Reduced pressure. Boil Cle, NH3, H2S, or SO. under 
reduced pressure in a test tube surrounded by dry ice-CCl 
mush: crystals are obtained, m.p. — 101.6, —77.6, —85.5, 
and —72.7°C. respectively. (Wiuson, E. B., 18, 394 
(1941).) 

(f) Solidification. Seal a test tube at the bottom of a 
large round-bottom flask; fill with Br. vapor; immerse tube 
in dry-ice acetone mush: a button of solid Bre forms. 
Dislodge the button to the side of the flask: the button 


to 170°C.; the vapor passes out of the neck of the retort 
into an unstoppered liter bottle whose bottom has been cut 
off and replaced by a flour bag tied onto the bottle; simul- 
taneously a rapid stream of air, cooled by first passing 
through a copper coil immersed in ice-water, is blown into 
the bottle: the distillate entering the bottle is chilled by 
the air, and freezes into a mist, collecting as fluffy crystals 
in the bag. Iodine does not collect well; flowers of Zn or S 
are probably pseudo-sublimations. (¢) Steam sublimation. 
(1) Pass steam through a 5-gallon can full of camphor 
leaves (fresh Spring growth); coilect in a Liebig condenser: 
glistening aromatic sublimate collects. (2) Pass steam 
through liquid iodine, then through a condenser: iodine 
sublimes. (Ropertson, G. R., 9, 1713 (1932).) 

Apparatus. (a) For subliming large amounts of material, 
e.g. 350 g. of SeO: in 90 minutes, also As,O; or P:O;; see 
article for diagram. Two 2-ft. lengths of 45 mm. tubing 
are placed inside a 4 ft. jacket of 55 mm. tubing; one tube 
holds the charge and is in the furnace, the other is outside 
where the charge collects on the cool walls. (Prrxa, J., 23, 
403 (1946).) 

(b) Rapid separation of isomers of 2-amino-3-nitro- 
pyridine is affected by sublimation in a 2.6 X 52 cm. cham- 
ber inside a 4.2 X 61 cm. tube heated to 120°C., and leading 
to a 3.2 X 72.5 cm. condenser tube exposed to the air: an 
aspirator provides an air current to transport the subliming 
vapors. See diagram in article. (Pino, L. N., and 
ZeurRvnaG, W. S., ITI, 31, 476 (1954).) 


5-68s Temperature of sublimation. (a) Seal off and use the | 


upper portions of the neck and side-arm of a 500-ml. 
Claisen flask, forming a wide Y-tube. In the straight arm 
imbed a thermometer in salicylic acid, in the other arm in- 
sert a l-hole stopper leading to a 0-44 cm. manometer and 
Hyvac pump. (b) Evacuate to a few mm. pressure; turn 
off the pump connection; heat the solid gently: the solid 
condenses on the thermometer bulb at the sublimation tem- 
perature for the particular pressure registered on the 
manometer. Record this temperature. (c) Admit 3 mm. of 
air to establish a new equilibrium pressure, and repeat 
operation (b): a new sublimation temperature is obtained. 
(d) Continue admitting portions of air: you will pass the 
m.p. of salicylic acid at 160°C., but measurements can con- 
tinue to about 230°C. and 44mm. (e) Draw a curve for log 
P versus 1/T: two nearly straight lines are obtained for 
vaporization and sublimation; their intersection represents 
the triple point, and their slopes allow calculation of heats 
of sublimation, of vaporization, and of fusion. (Smrrn, 
N. O., and Costicu, C. M., 31, 421 (1954).) 


jumps around like a Mexican jumping bean. (Baker, R.A. Thermal properties of solids 
25, 259 (1948). ) 5-69s Transitions in states of matter. Press metal rods 2 cm. in ° 
Sublimation diameter against a 25 cm.! flat surface of dry ice, and 
A amplify the sound in a microphone. Place additional rods, 
increasing the din. Al or Al-alloy rods are best, because of 
white crystals depositing on the cool walls; at 2° below its low density and high heat conductivity. Quarts crystals 


me ‘ ~ give more sound than fused quartz: heat conductivity of 
quartz is 13 times more along the surface parallel to the 
flask aut dis. axis, and 7 times more along the surface perpendicular, 
tillation occurs in the lower part of the beaker; some rises 
and is diluted and cooled by air until its partial pressure is 
below 7 mm., at which point snowlike crystais collect on £, DETERMINATION OF EQUIVALENT AND ATOMIC 
the cold flask. This is more difficult than (a) since at its WEIGHTS 
m.p. (86°C.) naphthalene has a v.p. of only 7 mm., and its 
b.p. is 218°C. (c) Anthracene. Strongly heat 4 g. crude Note: Most of the items in this section are more suited to student 
anthracene in a 400 ml. beaker on top of which isa 15 cm. experiment rather than lecture demonstration; for this reason the 
sq. of asbestos paper with a 2.5 cm. hole in its center, descriptions will be brief, and the teacher should refer to the 
covered by an inverted Buchner funnel, with a filter paper _ original article for details regarding apparatus, data, and caleu- 
wedged into its perforations; the funnel is connected to lations. 
suction: the anthracene vapors diluted with air pass into 
the funnel where cream-white sublimate collects. (d) Avogadro’s Number, N 
Pseudo-sublimation. Blow air into a retort containing 5-70s Model illustrating N. (a) Exhibit 1 gram atoms of Cu, Fe, C 
naphthalene heated to 140°C., or into benzoic avid heated Ni, Pb, Sn, etc.; also a mole each of water, NaCl, baking 


y 
| 
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5-678 3 
Bs 
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soda. (b) Analogies. If you have four kinds of beads (H, 
C, N, O) weighing 1, 12, 14, and 16 relatively, and you 
wanted to string equal numbers of each, you would order 
1 lb., 12 Ibs., 14 Ibs., and 16 lbs. respectively of each. 
Similarly 1, 12, 14 and 16 grams of H, C, N and O atoms 
contain the same number of atoms, i.e. N, or Avogadro’s 
number. (c) H:O would weigh 1 + 1 + 16 or 18; 18 grams 
isa gram mol. (Po.issar, M. J., 11, 58 (1934).) 
Determining N. Electrolyze 10% H.SO, in a Hoffman-type 
apparatus for 12 minutes at 0.58 amperes, maintained by 
changing resistance throughout the experiment. From 
the volume of gas evolved, and use of Millikan’s oil-drop 
value of 1.6 X 10" coulombs for the charge of one 
electron, Avogadro’s number can be calculated. (EL.Is, 
R. H., and Ravcu, R. B., 30, 460 (1953); also JoHNsToN, 
J. E., 16, 333 (1939).) 


5-72s Thickness of atomic layers. Suspend a small crystal of 


iodine above a silver mirror shielded from air currents by an 
inverted beaker: AglI forms, eventually producing a trans- 
parent silver spot with concentric rings, colored by reflected 
light. The number of the rings is a function of film thick- 
ness, 7.e. 2,3,4,5,6 and 7 rings correspond to 31, 61, 92, 123, 
154, and 215 X 10-*mm. (NeEtson, L. S., 28, 103 (1951).) 


Equivalent weight 


(f) Metal + acid. Dissolve Zn or Cd in HCl or aqua regia, 
evaporate, weigh the chloride. (Exuis, R. H., and Linner, 
E. R., 26, 528 (1949).) Ag + HNO;; add HCl; weigh as 
AgCl. The ZnCl, is hydroscopic, which necessitates rapid 
weighing. (Smecer, W., 16, 595 (1939).) 

(g) Hg from HgO. Heat, cool, weigh. (Seecsr, W., loc. 
cit.) 


Atomic weight 
5-76s Mass spectrograph. From the equivalent weights deter- 


mined in the previous section the atomic weights can be 
calculated. STANDEN, A., 24, 453(1947) claims that none 
of these are accurate measurements, and that the mass 
spectrograph itself does not give atomic weights directly, 
but instead the mass-charge ratio, A/n. 

Specific heat determination. Used for determining ap- 
proximate atomic weight (at. wt. = 6.4/sp. heat), and from 
this the valence (V = at. wt./eq. wt.), and finally the exact 
atomic weight (at. wt. = V X eq. wt.) Students get good 
results in measuring the sp. ht. of Pb or Sb, and less satis- 
factory results with Fe, which is not always pure. (Farqu- 
HAR, B.S., and Ray, F. E., 14, 88 (1937).) Silver. (SEE- 
GER, W., 16, 595 (1939).) Tin. (Parker, D., 12, 546 
(1935) abstracted from Sch. Sci. Math. 35, 75 (1935).) 
Copper. (Gunn, E. L., 17, 122 (1940).) 


5-73s From electro-deposition. (a) Plate Ni at 0.15 amps for 30 Formulas See also 1-11s to 1-18s. 
min. using a nickel gauze anode, a bath containng 1000 ml. 5-78s (a) Formula of COz. See article for diagram of apparatus. 


H20 + 120g. NiSO,.7H.O + 15 g. NH,Cl + 15 g. H;BO3. 
Calculate the results showing the number of coulombs re- 
quired to deposit one equivalent weight of Ni, (time in 
seconds X amperes = number of coulombs required for 
deposition). 

(b) Ditto for Cu, using a Cu gauze cathode, rinsed, dried 
and weighed, a Cu strip anode, and a bath containing 1000 
ml. + 200 g. CuSO,.5H20 + 80 g. conc. H2SO, with 
0.25 amps for 30 min. (Bacumna, G. B., and FARRELL, 
J. K., 10, 689 (1933). ) 

From volume of H: generated. (a) Cutting Mg ribbon 
into measured lengths is as accurate as weighing it (GuNN, 
E. L., 17, 549 (1940).) (b) Zn, Fe, or Al can be used instead 
of Mg (Szexcer, W., 16, 595 (1939).) (c) The metal is 
treated with dilute acid and the volume of H: obtained is 
used to calculate equivalent weight, using 11.2 liters as the 


Heat granular activated charcoal in a porcelain boat just 
below glowing for an hour; cool; weigh. Pass dry O2 over 
the heated charcoal; catch the CO2 which forms, in soda- 
lime tube; weigh. From this calculate the C:O ratio in 
COz. (b) Pass a liter of dry CO, into soda-lime; weigh. 
From this calculate the gram-molecular weight of COs. 
(Evans, W. L., Peterson, J. B., Hass, H. B., Horr, G. P., 
and Day, J. E., 2, 932 (1925).) 

(c)Cu + S. Cover a weighed coil of 7 ft. of No. 30 Cu 
wire with 2 g. S in a crucible; heat gently at first, then at 
full burner heat for 5 min.: CueS forms. Cool; weigh. 
(Stone, C. H., 5, 1129 (1928). ) 

(d) Cu + Oo. Heat a weighed amount of pure CuO in 
illuminating gas; weigh the Cu. Calculate formula. 
(ParRKER, D., 12, 594 (1935), abstracted from Sch. Sci. 
Math., 35, 173 (1935).) 


volume of 1 gram atom of Hz. Ruezr, V. E., (9, 524 (1932)) 
inserted Mg ribbon in a small tube in a water-filled 12mm. F. DETERMINATION OF MOLECULAR WEIGHTS 


tube 1 meter long inverted in a beaker of water, and then Seles Gtest weltine of D thod 
introduced cone. HCI vi tube. Nusun,G.0., direct weighing of gas (Dumas method) 
in uced conc. HC] via a curved-tip tube ESER Ga in 0 


13, 510 (1936)) wrapped the Mg in Cu gauze, placed in a 
bottle of water, ran in acid, and displaced the H: into an 
inverted bottle in a pneumatic trough. RoNnNEBERG, C. E., 
(14, 71 (1937)) wrapped the Mg in Cu wire, placed it in 
water in a beaker of water, and inverted a 50 ml. graduate 
containing 10 ml. conc. HCl + cold water. - ALYEA: these 
are not exact determinations. 


5-75s From chemical reaction. (a)Zn + CuSO,. Mix3g. granu- 


lar Zn with a hot aqueous solution containing 14 g. CuSO,.- 
5H:0: reaction is complete in 5 minutes. Filter on tared 
paper, wash with hot water, dry overnight. Or filter 
through quantitative paper, wash with water, ethanol, 
ether; incinerate, cool, weigh. Or wash by decantation, 
boil off water with a low flame, cool a few minutes, and 
weigh beaker and contents. The latter gives best results. 
(Day, J. E., and Sutton, R. J., 5, 223 (1928).) 

(b) Sn + HNO;. Add conc. HNO; dropwise to weighed 
tin foil; dry; heat strongly for 15 min.; cool; weigh SnOs. 
(Parker, D., 12, 546 (1935), abstracted from Sch. Sci. 
Math., 35, 75 (1935).) 

(c) HCl + oxides. Dissolve lg. ZnO or lg. CuO in 40 ml. 
1N HCl, or lg. HgO in 20 ml. 1N HCl; backtitrate with 
1N NaOH, using methyl] orange indicator. (Sexcrr, W., 
16, 595(1939).) 

(d)Cu + HNO,. Dissolve Cu turnings in a small amount 
of conc. HNO;; evaporate to dryness; ignite strongly to 
constant weight of CuO. (Gunn, E. L., 17, 122 (1940).) 

(e) Hz + oxides. Completely reduce 0.5 g. samples of 
Fe,0; at 500°C. for 10 minutes, so the black product be- 
comes grey; if not grey the cold iron may spontaneously 
re-oxidize in the air. (Nasu, J., 21, 46 (1944).) CuO or 
PbO + H: are also good (Suecer, W. loc. cit.) 


cylinder of water; measure the volume of water displaced, 
the density of the glass, the weight of the bulb: from this 
calculate the interior volume of the bulb. This method obvi- 
ates the usual errors from breaking the tip under water, 7.e. 
losing small pieces of glass, and making bubble correction 
in case of incomplete filling. (Pxiturps, T. J., 27, 152 
(1950).) (b) A bulb 7.6 cms in dia. has two unstoppered 
side tubes 5 cms. long. Weigh the bulb and measure its 
volume; run excess of a volatile liquid into it; place ina 
boiling water bath and vaporize the liquid; remove bulb 
and weigh. From this calculate the mol. wt. of the liquid 
(RanDALL, D. L., 31, 297 (1954).) 

Gas density balance. See article for diagram. A student 
assignment. (Corrin, C. C., 12, 142 (1935); also, 
EserHarpt, W. H., 27, 248 (1950).) 


indirect weighing of a gas (Dumas method) 
Steam caught in CaCl. An elaborate set-up for student 
use, not demonstration. Five hundred ml. of steam is 
sucked through a CaCl.-tube and weighed. See articles for 
diagram. (Evans, W. L., Day, J. E., Peass, C. S., and 
Buanp, G. D., 1, 152 (1924); also Martin, C. S., Day, 
J. E., and Evans, W. L., 6, 107 (1929).) 
Oxygen. (a) From a cylinder. Weigh an “Oxybomb” 
cartridge (Dem. 2-3s) before and after filling a graduate 
cylinder from it. (Frexers, B. A., 8. J., 31, 139 (1954). 

(b) From Na,Oz. Add a known volume of water to 
Na,O2; measure the O; evolved, also the weight of Na2O: 
+ water. (Bruiincer, R. D., and Wriuiams, W. W., 8, 
1862 (1931).) 

(Continued in November ) 
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FINGERPRINT ORGANICS AT THE BENCH 


with Beckman IR-5 and IR-6 Infrared Spectrophotometers 


The unique identifying characteristics of many com- 
pounds—especially the organics—are best fingerprinted 
by infrared analysis. From the more than 1,000,000 
known chemical compounds, thousands of infrared 
spectra have already been obtained and cataloged for 
ready reference. Backed with this reference library, 
Beckman’s new low-cost automatic recording spectro- 
photometers—the double-beam IR-5 and the single-beam 
IR-6—now bring infrared to the chemist’s bench. 


IMPORTANT FEATURES m-5 
*Full-sized chart 

‘Hermetically sealed monochromator 
*Constant-circulating air dryer 

Simple push-button-type controls 

Wavelength range: fingerprint band-2 to 16 microns.. “ 
Optimum scanning speed: 16 min. for full scale 

Pinpoint resolution : 0.03 at 10 microns 

Desk-top size: 36”x 14”x 25” 

Desk-top size: 30”x 14”x 24” 

Wall-plug power: 115/120 volt, 60 cycle 

Complete line of accessories 

‘Exclusives tNot needed with double-beam 


Beckman—producer of the versatile and popular IR-4 
—offers the IR-5 and IR-6 at one-third of big instrument 
prices. Emphasizing simplicity of operation, these new 
instruments maintain Beckman’s high standards in 
accuracy, reliability, and reproducibility. 

For rapid qualitative or quantitative analysis in re- 
search, education, or industry—the IR-5 and IR-6 are 
new tools for the chemist, extending his use of spectro- 
scopy beyond the range of ultraviolet and visible light. 


THE DOUBLE-BEAM 1R-5S. For rapid qualitative scanning. Accurate 
quantitative data made possible through use of a densitometer. 
THE SINGLE-BEAM 1R-6. Especially useful in routine quantitative 
analysis. Application to qualitative work is enhanced by com- 
pensated background feature. 


For typical IR-5 and IR-6 applications and a more complete 
story on infrared analysis, write for Data File L-33-36. 


Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File 10. 
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4-990 


BAROMETER—Mercurial, U. S. Weather Bureau 
Professional Type. The mercury reservoir is con- 
structed on the Fortin principle and closely follows 
the design of the U. S. Weather Bureau pattern; it 
is recommended for educational, industrial and weather 
bureau use. 


mercur | al Be Be The mercury level can easily be seen through a 
is 4 plane glass window in the cistern. This level can be 
es adjusted by turning the thumb screw on the face of 
the reservoir. This thumb screw moves a disc which 
eo a controls a leather diaphragm, thus zeroing the mer- 
ad rometer care Be alsa Sy cury level to the exact tip of a white plastic pointer 
i md st permanently set into the roof of the mercury reservoir. 
lh | 21 The index for reading the height of the mercury column 
is attached to the vernier and prevents the usual error 
of parallax. The index may be accurately and easily 

set by the special friction type vernier adjustment. 
The barometer has English and Metric scales read- 
ing from 25 to 31 inches and from 64 to 79 cm.; it is 
suitable for use from sea level to approximately 3000 
feet. The scales and verniers are lineal engine divided 
on brass and heavily nickel-plated. The bright nickel, 
corrosion resisting surface of the scale plate behind the 
barometer tube facilitates the reading of the meniscus; 
readings can be made on both English and Metric 
sides of the scale to 1/100 inch and 1/100 cm. respec- 
tively. A standard grade thermometer is attached 
which reads in degrees Fahrenheit and Centigrade. 
Base of barometer is a formed aluminum panel finished 
with instrument black wrinkle. A guard, similarly 
finished, —' the barometer tube between the 

cistern and scales. . 
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ANN ARBOR. MICH., 1943 


APPROACH TO MEASUREMENT OF MASS 


CAHN ELECTROBALANCE 
WEIGHS SMALL SAMPLES EASIER, FASTER, ACCURATELY 


Radical advance in micro-weighing instrumentation. Balance is so rugged . . 
immune to its environment . . . you can forget about vibration, 
air currents, leveling. It’s portable ... Weighs less than 12 pounds. . . soit 
can be taken to desk, bench, or wherever necded. 


The controls are simple, easily understood . . . read directly in micrograms. Anvone 
in your laboratory can be trusted to use it. Complete weighings average 
less than a minute. Range of sample weight 0-5, 0-10, 0-20, 0-5( mg. 


For additional information, request Bulletin .\-39. 


y No. 7270 Model 10—Complete with 3 batteries, 2 stirrups, 10 pans, twec - 
; one calibrating weight for each range, and instruction manual. Each $615.00 


5655 KINGSBURY 
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Column of 
cellulose powder 


COLUMN CHROMATOGRAPHY 
USING CELLULOSE POWDER 


One of the most useful features of filter paper chromato- 
gtaphy is the minute scale on which separation can be 
effected. Described below is an extension of the principle 
for applications in which the separation of larger quanti- 
ties is desirable. 

In this method Whatman “Ashless” or “B - Quality” 
Cellulose Powder is packed into a tube, usually of glass. 
Because of the greater mass of cellulose per theoretical plate 
(compared with paper) a greater amount of mixture can 
be applied. Introduced into the top of the column, this 
mixture is followed by a solvent which percolates through 
the column. The components are carried with it, but at 
different rates; thus separated, they are collected in 
successive fractions at the bottom of the tube. 

Column Chromatography has made most rapid progress 
in the inorganic field, but interesting organic applica- 
tions have also been published. 


Now that you have read this report it 
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Collection of column eluate 


DETERMINATION OF URANIUM 
IN ORES AND MINERALS 
The simplicity and flexibility of Column Chromato- 
graphy are demonstrated by this established analytical 

technique. 

The sample is converted into nitrate form by fusion and 
treatment with acid. Powdered cellulose is added to a 
few millilitres of the dilute solution and the whole is intro- 
duced into the top of the column to form a homogeneous 
continuation with the original cellulose. 

A solvent consisting of nitric acid in ether is applied 
continuously to the top of the column, until the urantum 
has been completely isolated as a pale yellow band at the 
bottom. 

Uranium can be quantitatively separated trom many 
complex materials by this method in a state of absolute 
purity. Similar methods are used in many other types of 
inorganic analysis. 

occur to you that 


Chromatography can help you in your research or oo pro~ 


amme. If so, our long experience in this specialise 


full disposal. Discuss the possibilities of chromatograp: 
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WELCH TRIPLE BEAM BALANCE 


LOW FORM 


All Exposed Parts of Stainless Steel 


including Pan and All Three Beams 
¢ Large Capacity-]610 Grams 
¢ Sensitivity to 0.1 Gram 


¢ Fast, Accurate Weighing 


¢ Rugged, Compact Construction 


Wide Range Stable Corrosion-Resistant Low Cost 


3 Graduated Scale Levels for easy reading. Riders move easily. 
Hard, Cobalite Knife Edges maintain true edge indefinitely. 


Grooved Agate Bearings are protected against damage, yet 
highly resistant to corrosive action of laboratory fumes. 


One-Piece Beam Construction—Silver-Gray Hammerloid Finish 
Rapid Zero Setting—Beam Arrest for faster weighing. 


No. 4048 LOW FORM, PRICE, WITH TWO EXTRA WEIGHTS 

No. 4048C. PLASTIC COVER, For No. 4048 

No. 4048W. EXTRA WEIGHT. For increasing the capacity of 
No. 4048 to 2110 grams 


W. M. WELCH SCIENTIFIC COMPANY 
ESTABLISHED 1880———— 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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QUALITATIVE TESTING AND INORGANIC CHEMISTRY 
By JOSEPH NORDMANN 


Provides an exceptionally thorough cover- 
age of qualitative analysis, augmented by 
material from general chemistry. Emphasis is 
on the broad view of inorganic chemistry with 
actual examples from the laboratory and from 
industry to illustrate points of instruction. 
Detailed descriptions ar¢ given of some of the 
less familiar elements (Li, Be, Ti, Xr, V, U, 
Mo, and W). 

The book is written for students with a back- 
ground of general college chemistry and in- 
cludes equation writing, atomic structure and 
bonding, chemical equilibrium, organic quali- 


tative reagents, preee metallurgy, crystal- 
line structures of metals, general laboratory 
procedures, and the analysis of certain anion 
and cation groups. 

Woven into the text are samples of solved 
with additional assignment prob- 
ems appearing at the end of the chapters. A 
chapter on Special Experiments demonstrates 
such qualitative testing techniques as micros- 
copy, chromatography, fluorescence, and elec- 
trography. 1957. Approx. 490 pages. Prob. 
$6.50. 


INDUSTRIAL CHEMICALS, 
2nd Ed. 


By W. L. FAITH, Air Pollution Foundation; D. B. 
KEYES, Arthur D. Little, Inc.; and R. L. CLARK, 
Collier Carbon and Chemical Corp. This book describes 
the qualities, manufacture, and use of every major indus- 
trial chemical. Annual production, process reactions, 
physical properties, and competing processes and prod- 
ucts are only some of the many economic and technical 
factors discussed. 

Industrial Chemicals, a product of the authors’ extensive 
experience in the field, is well suited to senior or grad- 
uate courses in chemical economics, chemical engineer- 
ing or industrial chemistry. 1957. Approx. 850 pages. 
Prob. $16.00. 


By JAMES W. SOUTHER, University of Washington. 
A concise, industry-tested presentation of the funda- 
mentals of technical writing, emphasizing report writin 
and organization of material. Provides an integrat 
approach to the writing process. 1957. Approx. 84 
pages. Prob. $2.95. 


INTRODUCTION TO 
PROTEIN CHEMISTRY 


By SIDNEY W. FOX, Florida State University, and 
JOSEPH F. FOSTER, Purdue University. As a compre- 
hensive introduction for the non-specialist, the book 
deals with the chemistry of amino acids, peptides, and 

oteins. It shows how protein chemistry is basic to the 

elds of chemistry, biology, home economics and food 
technology, making it ideal for senior or graduate stu- 
dents in such courses. 1957. Approx. 458 pages. Prob. 
$9.50. 


BIOCHEMICAL PREPARATIONS, 
Vol. V 


Editor-in-Chief: DAVID SHEMIN, Columbia Univer- 
sity. Based on the works of outstanding men in the field, 
this volume a covers twenty hard-to-get bio- 
chemicals. It provides reliable methods for preparing im- 
portant substances not easily obtained from commercial 
sources. Each preparation has been laboratory tested 
for accuracy a feasibility. 1957. Approx. 128 pages. 
Prob. $4.75. 


Send for examination copies today 


150 YEARS 


JOHN WILEY & SONS, inc. 
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BURRELL 


E KROMO-TOG 


for gas and vapor-phase 
chromatography 


The Kromo-Tog, Model K-2, 
is a superior chromatographic 
instrument for the accurate 
analysis of a wide range of gases 
and liquids with any boiling 
point to 370°C., and over. 

Two separate columns, each 
with its own detector cell, flow 
and control system, make the 
K-2, in effect, two complete in- 
struments with one recorder. 


FLEXIBLE—FOR A WIDE 
RANGE OF ANALYSES 


VARIABLE COLUMN 
TEMPERATURE CONTROL 


TWO EXTRA SENSITIVE 
DETECTOR CELLS 


ACCESSIBLE COLUMNS 


THE BURRELL KROMO-TOG « Model K-2, Pictured 

Complete instrument for dual column operation, with 

two complete cells and flow systems, and electronic 

recorder. 

Burrell Cat. No. 340-20 $3,800. 
F. O. B. Pittsburgh, Pa. 

Ask for Catalog No. 84 

BURRELL CORPORATION 

Scientific Instruments and Laboratory Supplies 

2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 
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not for an ionic lattice which is the exam} le 
chosen for the figure. Also Es (page 9) is 
the energy to transfer two ions separat |y 
and not an ion pair from the interior to 
normal lattice sites at the surface. Such 
lack of precision in definitions and in 
discussions of concepts is evident at a 
number of places throughout the book. 

One gets the impression that the editig 
has been hurried; there are unnecessary 
repetitions. For example, essentially the 
same account of the Hall effect is given 
twice with different figures and symbols 
(pages 32 to 34 and 69 to 72). The Tain- 
mann temperature is defined in at le:st 
three places with almost the same words 
(pages 77, 96, and 97). 

The printing and binding of the book «re 
good and the figures are well drawn and 
reproduced. It may be asked, however, 
why the chapters are not numbered in the 
body of the book. Misprints are more 
numerous than is desirable but fortunately 
most are immediately obvious, for ex- 
ample: Pokl (page 10), Peirls (pages 21, 
24, 500), adsorption of light (page 120). 
An exception to this occurs on page 100: 
silicon chloride should be sodium chloride. 

For the expert already acquainted with 
the fundamentals of the subject, the book 
contains a good deal of information, some 
of which has not appeared elsewhere. 
However, in the balance, it must be con- 
cluded that this is not the definitive book 
on the defect solid state. 

J. A. MORRISON 
NaTIonaL Researcu Councit 
Orrawa 2, CANADA 


DICTIONARY OF PHOTOGRAPHY 


Edited by A. L. M. Sowerby, Editor of 
“Amateur Photographer,” London. Eight 
eenth edition. Philosophical Library, Inc., 
New York, 1956. 726pp. 12.5 x 19cm. 
$10. 


Since the appearance of the first edi- 
tion in 1889, this book has continued to 
find wide use among practical photog- 
raphers. The present edition includes 
revised sections on cinematography, color 
photography, and flash work. 

Although written in England, American 
formulas, films, and papers are included. 
The book is intended for the skilled 
amateur or non-specialist professional 
and appears to serve the purpose acle- 
quately. 

WILLIAM MACNEVIN 
Outro State UNIVERSITY 
Cotumsus, Ox10 


CHEMISTRY MAGIC 


Kenneth M. Swezey, Brooklyn, New 
York. McGraw-Hill Book Co., Inc., New 
York, 1956. x + 180 pp. Many illus 
trations. 15.5 X 23.5cm. $4.50. 

book is suitable for the high-sc! ool 
student, the science club, or the hgh- 
school teacher looking for additional dom- 
onstrations to create interest in scie1ce. 
Most of the experiments are exciting, « a8Y 
to follow, and well illustrated with many 
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THE POWDER METHODS IN X-RAY CRYSTALLOGRAPHY 


By LEONID V. AZAROFF, Illinois Institute of Technology, and MARTIN J. BUERGER, Massa- 
chusetts Institute of Technology. Ready in January 


An indispensable handbook and laboratory manual containing a complete exposition of the principles and utiliza- 
tion of the powder method. No preliminary knowledge on the part of the reader is assumed, nor any mathematics 
beyond simple algebra required. The indexing of powder photographs for all possible symmetries is discussed in 
detail, including material on all indexing schemes devised to date. Much of the text has been used in course lec- 
tures at M.I.T. and I.1.T. for many years. 


NUCLEAR CHEMICAL ENGINEERING 


By MANSON BENEDICT and THOMAS H. PIGFORD, Massachusetts Institute of Technology. 
+ Meso Engineering Series, 602 pages, $9.50 


The first comprehensive treatment of the chemical engineering aspects of nuclear technology. It summarizes 
most of the relevant information on the chemical processes used in nuclear technology. Materials of importance 
in nuclear reactors are described, along with the novel processes which have been developed to concentrate, purify, 
and separate these materials. An excellent text for introductory nuclear engineering graduate courses. 


INORGANIC SYNTHESES—Volume V 


By THERALD MOELLER, University of Illinois. Inorganic Syntheses Series. 261 pages, $6.00 


This volume, like those which have preceded it, presents tested procedures for the preparation of selected useful 
inorganic substances. It is designed to provide the student or research worker with detailed and carefully docu- 
mented directions for specific syntheses, and to give useful information on the properties of the substances dis- 
cussed. Directions for preparing over 60 specific compounds are included—along with timely general articles on 
organogermanium compounds; metal derivatives of 1,3-diketones; and polyhalogen complex salts. 


QUALITATIVE ANALYSIS: An Introduction to Equilibrium 
and Solution Chemistry 


By T. MOELLER. Ready in February 


An important new text presenting the principles of chemical equilibrium as applied to solution chemistry, and 
implementing this presentation by means of laboratory training in qualitative analysis. It covers the majority 
of the common anions and cations in detail, and lays a foundation of fact and theory for a subsequent course in 
quantitative analysis. The extensive treatment of the anions acquaints the student more fully with the chemistry 
of the non-metals. 


QUANTITATIVE PHARMACEUTICAL CHEMISTY 


By GLENN L. JENKINS, Purdue University; JOHN E. CHRISTIAN, Purdue University; and 
GEORGE P. HAGER, Smith, Kline & French Laboratories. New Fifth Edition. 552 pages, $8.50 


This unique combination of text and laboratory manual covers clearly and comprehensively the special methods 
of analysis and the important field of instrumental methods of analysis. It correlates the theory and experimental 
method in a systematic course covering the quantitative, chemical and physical methods. Systematic organization 
and illustrative experiments make the text ideal for elementary quantitative analysis courses. 


ge McGRAW-HILL BOOK COMPANY, Inc. 
ON APPROVAL 330 West 42nd Street, New York 36, N. Y. 
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POCKET pH ZER ATIC 


means ‘Beckman 


a Beckman pH meter 


for any use...any budget 


Producer of practical pH meters and electrodes since 1935, 
Beckman now offers the most complete line available any- 
where. For laboratory, plant, or field—wherever pH mea- 
surement is important—there’s a Beckman meter specifically 
suited to your job. Beckman meters range from a handy 
pocket model that sells for under a hundred dollars to the 
most precise laboratory model commercially available... the 
widest choice in size, price, construction, and precision. 

When you're ready to talk pH meters, talk to the man 
who knows them best—your Beckman Dealer. For a brand 
new catalog describing pH meters and electrodes—and a 
list of Beckman Dealers—write for Data File L-32-36. 


POCKET pH: pocket-size, portable, battery-operated, for quick 
accurate measurement. 

MODEL N-1: rugged portable instrument for industrial application. 

MODEL N-2: portable instrument, with carrying case, especially 
designed for field use. 

ZEROMATIC: for quick, easy operation plus laboratory precision—the 
very latest in pH meters, with push-button operation, 
automatic zero-drift compensation, provision for recorder. 

MODEL G: the recognized standard instrument for laboratory pH 
measurement. 
MODEL GS: sensitive and readable to 0.0025 pH, for incomparable 
precision. 


Buffers & Accessories: a full complement of buffers and accessories. 


For automatic pH control instrumentation, 
contact Process Instruments Division. 


Beckman: 
Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beck Instr ts, Inc. 


Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File 10. 


Recent Sooke 


photographs. There are several experi- 
ments such as the reaction of aluminium 
with chromic oxide on page 29, igniting a 
jet of hydrogen on page 49, and the pri-p- 
aration of phosphine on page 61 that 
can be dangerous to an inexperienced per- 
son. The young scientist would do well 
to check with his teacher before perform- 
ing the experiments. In any case, c:ire 
must be exercised to use no more than the 
quantity of material called for in the 
experiments. A simple explanation of 
the principles involved in the experiment 
is usually given. The first two chapters 
illustrate and explain the use of basic lab- 
oratory equipment and technique used in 
a home laboratory. 

There are nearly 200 experiments under 
seven general topics: Experiments with 
Metals, Experiments with Gases, Ple- 
ments That Are Not Metals, Electrochem- 
istry and Combustion, Chemistry in In- 
dustry, Chemistry in the Home, and 
Chemical Sleuthing. 

Among the more advanced experiments 
one learns how to make bakelite, synthetic 
rubber, and rayon. The identification of 
uranium ore and how to make a cloud 
chamber are interesting experiments found 
in the atomic energy chapter. 

I know you will enjoy doing some of the 
experiments, just as I have, once you start 
looking at the book. 


LESTER KIEFT 


UNIVERSITY 
LEwIsBuRG, PENNSYLVANIA 


TORBERN BERGMAN AS PIONEER IN THE 
DOMAIN OF MINERAL WATERS 


Uno Boklund, Almaqvist & Wiksell, 
Stockholm, 1956. 2 vols. 127 and 131 
pp. 12 X 185cm. 15 Swedish crowns 
each. 


In THESE beautifully printed little 
volumes the memory of Torbern Bergman 
(1735-1784), who accomplished so much 
in so many fields of chemistry in his short 
lifetime, has been fittingly honored by the 
Swedish National Association of Soft 
Drinks Manufacturers through the re 
publication of his paper “On Acid of Air’ 
(1773) and his ‘‘Treatise on Bitter, Seltzer, 
Spa, and Pyrmont Waters and Their 
Synthetical Preparation’’ (1775) in facsim- 
ile form in the original Swedish and in 
an excellent English translation by Sven 
M. Jonsson. Both the Swedish and the 
English volume contain also a well-written 
appreciation of Bergman’s contributions 
to this field by Uno Boklund. Both 
volumes are well illustrated with a portrait, 
contemporary views of Upsala, and title 
pages of the issues of Kongliga Vetenskaps 
Academiens Handlingar in which 
man’s articles on this subject originall; 
appeared. 

Bergman believed that water an:lysi 
was a subject of great public interest and 
that “‘in this liquid substance are somet ime 
hidden the most valuable remedies {0 
many diseases, especially chronic ones ... 
In his dissertation of 1770, ‘Chemical 


(Continued on page A499) 


JOURNAL OF CHEMICAL EDUCATION 


VOLU 


‘ 
3 

(Bx ied a = = 

/ 

' 
aS 
F 
ERS 

; 

4 

| 

/ 

a 


experi- 
luminiim 
gniting a 
he prep- 
61 that 
aced_per- 
| do well 
perform- 
ase, 
than ihe 
in the 
ation of 
periment 
chapters 
yasic lab- 
> used in 


its under 
nts with 
es, Ele. 
trochem- 
in In- 
me, and 


eriments 
synthetic 
cation of 

a cloud 
its found 


ne of the 
you start 


KIEFT 


R IN THE 


Wiksell, 
and 13] 
h crowns 


ed little 
Bergman 
so much 
his short 
by the 
of Soft 
the re 
d of Air” 
Seltzer, 
d Their 
n facsim- 
and in 
by Sven 
and the 
]-written 
ributions 
J. Both 
portrait, 
and title 
etenskaps 
riginally 


analysis 
wrest and 
ymet imes 
adies for 
mes. . 
Shemical 


) 
CATION 


Paul Delahay, Louisiana State University 
INSTRUMENTAL ANALYSIS 


Covering three groups of instrumental techniques — (1) electro- 
chemical (the author won an award from the American Chemical 
Society for his fundamental contributions in electrochemical 
methods), (2) spectroscopic, and (3) such miscellaneous methods 
as X-ray, mass spectrometry and radioactivity, this text for graduate 
or undergraduate courses has more than 50 experiments in 23 groups. 
1957 384 pp. $7.90 


Robert Livingston, University of Minnesota 
PHYSICO-CHEMICAL EXPERIMENTS, Third Edition 


In this new edition, four new experiments have been added: (1) a 
spectrophotometric study of colored solutions, (2) measurement of 
radioactivity with a geiger counter, (3) measurement of the dielec- 
tric constant of solutions and the determination of the dipole moment 
of the solute, and (4) the determination of transference numbers 
by the moving boundary method. Summer 1957 


Luke Steiner & J. A. Campbell, both of Oberlin College 
GENERAL CHEMISTRY 


“Of the many new texts of general chemistry that have appeared 
since World War II, only a few can be called exceptional in character. 
This volume definitely is in that category. It should be on the study 
desk of every teacher of general chemistry to show that new 
approaches to the teaching of general chemistry are possible.” — 
Conrad E. Ronneberg in the Journal of Chemical Education 


1955 673 pp. $6.50 
with 
LABORATORY EXPERIMENTS IN GENERAL CHEMISTRY 

1955 216 pp. $3.00 


Carl F. Prutton, 


Food Machinery and Chemical Corporation, and 
Samuel H. Maron, Case Institute of Technology 


FUNDAMENTAL PRINCIPLES 
OF PHYSICAL CHEMISTRY, Third Edition 


New in the third edition: an added number of problems (making 
634 in all) , new illustrations, and a complete revision and expansion 
of the section on thermodynamics. Coming Spring 1958 


The Macmillan 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Box 38, Far Hills Branch 


Unbreakable, Polyethylene 
CHECK VALVE 


Operates in any position. Can be taken apert for cleaning by 
soaking in boiling water. Very low pressure provides a positive 
seal. Use in vacuum line and many other ways in the laboratory. 


PRICE Single Doz. lots Case of 72 
.74 -62 -50 


Through leading supply houses or direct. 
Send for catalog of complete line—Minimum order $10.00 


PLASTICS. 


9, Ohio 


CHEMISTRY 
VISUALIZED 
AND APPLIED 


1957 Second Edition — Completely revised 


By ARMAND J. COURCHAINE 


Since this text appeared a few years 
ago it has steadily gained recognition 
and popularity for the survey courses 
offered to undergraduates in college 
chemistry. 

The new edition has preserved the 
features which made the first book a 
standout while at the same time the 
author and editor have accomplished 
an exceptionally fine job in bringing it 
thoroughly up to date. 

We want teachers and instructors to 
know this book. A card will bring you 
a complimentary copy for consideration 
as a text for your next class. 


702 Pages Profusely Illustrated 
Full Index 50 


Address your request to: 
Educational Dept. 


G. P. PUTNAM'S SONS 
210 Madison Ave., New York 16, N. Y. 
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WRITES ON 


Now write on every surface with 
the Tech-Pen. Writes with 
brilliant, opaque, rubproof inks 
...leaves sharp, quick-drying, 
markings...resists washing, 
autoclaving, and extremely 
high temperatures...is not 
affected by acids, alkalies, 

or alcohol...can be easily 
removed with common 
solvents. 


Ideal for experimental 


printed circuits. Draw your Includes 


ink for 


circuit directly on the 


copper...after etching, the 
only copper remaining is 
beneath your drawn line. 


Refills: 75¢ per tube 
Extra points: 
2 for $1.00 
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Analysis of the Spring Waters in Upsala 
and Vicinity,’’ he had already realized 
that the presence of ‘‘acid of air’’ (carbon 
dioxide) in a water often enhances its 
effect. Another reason why he investi- 
gated mineral waters was his need for 
them. Although he derived benefit from 
the imported waters which his physician 
prescribed, “the cure was too expen- 
gsive.... 

He therefore made comparative analyses 
of natural imported waters, prepared syn- 
thetic waters of similar composition, and 
even improved upon the natural ones by 
omitting certain constituents shown to be 
useless or harmful. His synthetic waters 
had the advantage too of freshness and 
lack of “flatness.” To prepare “an 
absolutely pure vehicle for the solid con- 
stituents’’ he distilled the purest obtain- 
able snow from mountain peaks. In 
January 1772 he prepared ‘Pyrmont 
water’ from sulfuric acid, chalk, sodium 
carbonate, and iron filings and tested his 
product with litmus paper. In 1775, after 
he had tested the artificial waters success- 
fully on himself, Bergman published, in 
the “Treatise on Bitter, Seltzer, Spa, and 
Pyrmont Waters. .,’’ a description of his 
method and apparatus, which were soon 
adopted in other European countries as 
well as in Sweden. - 

Uno Boklund, after sketching the de- 
velopment of chemical and medical knowl- 
edge concerning mineral waters and their 
analysis, points out that Bergman had al- 
ready done much preliminary work in 
devising analytical methods and apparatus 
in preparation for the thesis which he de- 
fended in 1770. Mr. Boklund em- 
phasizes strongly that Joseph Priestley, 
in his experiments on the impregnation of 
water with ‘fixed air,’’ made extensive use 
of the experience of his predecessors Joseph 
Black, David MacBride, Henry Caven- 
dish, and William Brownrigg. In all fair- 
ness it should be added that Priestley 
acknowledged this indebtedness in his 
“Experiments and Observations on Differ- 
ent Kinds of Air.’’ 

Priestley had impregnated water with 
“fixed air’’ in the summer of 1767 simply 
by pouring the water back and forth from 
one vessel into another in the carbon di- 
oxide atmosphere over the fermentation 
vats of a brewery. In 1772 he allowed 
carbon dioxide, prepared from chalk or 
pounded marble and sulfuric acid, to 
bubble into a bottle full of water standing 
inverted in water. After the College of 
Physicians had examined the carbonated 
water and had recommended the trial of 
it, Priestley published a pamphlet describ- 
ing his method and apparatus. In a foot- 
note to the paper on “Acid of Air’’ Berg- 
man acknowledged receipt of a letter from 
Priestley concerning the latter’s “Pyrmont 
water’’ and pointed out that it could not 
“completely resemble natural water, which 
contains more substances than iron and 
acid of air ...’’ 


MARY ELVIRA WEEKS 
Derrorr, MICHIGAN 
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NEW ACADEMIC PRESS 
INTRODUCTION TO 


Enzymology 


by ALAN H. MEHLER 
National Institutes of Health, Bethesda, Maryland 
October 1957, about 425 pp., illus., approx. $10.00 


Introduction to Enzymology is based on a course taught by the 
author at the National Institutes of Health, where the classes 
consist of investigators primarily interested in clinical medicine, 
organic chemistry, bacteriology, biophysics, and plant phys- 
iology, in addition to students in biochemistry. The topics 
have been arranged as components of metabolic sequences in 
order to emphasize the interrelations of enzyme activities, the 
chemical mechanisms employed by biological systems, and the 
multiple factors to be considered in interpretating biological 


phenomena. 

CONTENTS: Sugars and Sugar Derivatives 

Introduction: Some Generalizations Polynucleotides and Their Com- 
about Enzymes as Catalysts ponents 


Hydrolysis of Peptides and Proteins Amino Acids 
Fermentation and Oxidation of Acidsand Acid Derivatives 


Major Metabolic Fuels Organization of Structure and Func- 
Biological Oxidation: Transfer of tion 
Oxygen, Hydrogen, and Electrons SUBJECT INDEX. | 


ACADEMIC PRESS INC., Publishers 
111 Fifth Avenue, New York 3, New York 


First choice for washing and soaking pipets . . . glassware! 


NALGENE* 
PIPET JARS 


with NEW 
NON-TIP BASES 
The resiliency 
of Nalgene* Polyethylene 
sharply reduces breakage and 
the new base design practically 
eliminates tipping accidents. 
New non-tip base 
is molded into jar (not welded) 
and assures steadier, longer life 
with perfect bond. 
NALGENE PIPET JARS 
come in standard sizes 
as listed below; special 
lengths made on order. 

Ask your dealer for catalog E-956 


*Brand Name for Nalge Polyethylene wore. 


Inches | 5x8 | 6%x9] 5x18] 6%x18 | 6%x27| 64x36 
Nominal 


No. in 
Case | 12 12 6 6 6 6 j 
Each | 9.50) 10.50] 11.50} 13.50 | 17.50 | 20.50 


Discount: Less 10% in case lots. 
WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 


A499 


low, | 
lue, 
ink, | 
wn, 
um, 
ite. 
les 
for 
ers. 
ibe : 
its: 
00 
= 
| 
< 
ee 
| 
Ss 
~ 
| ‘her Ge 


Tune in on 
What’s New 


EXPOSITION 
OF CHEMICAL 
INDUSTRIES 


Dec. 2-6 
NEW YORK COLISEUM 


It is of particular importance to 
those involved in chemical research 
and teaching to see first-hand the 
results of the constant search for 
new processes, more efficient tech- 
niques and improved product per- 
formance. 


Here is a quick, convenient way 
to keep abreast of the latest de- 
velopments in chemicals, materials, 
machines, and apparatus for the 
dynamic chemical industries. 


4 FULL FLOORS 
OVER 500 
FACT-FILLED EXHIBITS 


For your convenience—and as a 
time-saver, special sections have 
been established for displays of 
laboratory equipment and supplies 
—and for chemicals and raw mate- 
rials. 

You will benefit by seeing the 
newest equipment ‘for testing, ana- 
lyzing, measuring, controlling, etc., 
with the latest safety features for 
use in chemical processes, labora- 
tories and pilot plants. 


Dec. 2-6 
NEW YORK COLISEUM 


26th EXPOSITION OF 
CHEMICAL INDUSTRIES 
MANAGEMENT— 


INTERNATIONAL EXPOSITION COMPANY 
480 LEXINGTON AVE., N. Y. 17, N. Y. 


Recent Gooks 


TORBERN BERGMAN: A BIBLIOGRAPHY 
OF HIS WORKS 


Birgitta Mostrom, Almqvist & Wiksell, 
Stockholm, 120 pp. 12 xX 18.5 cm. 
24 Swedish crowns. 


Tuts carefully compiled bibliography 
forms part of a series of Bergman publica- 
tions sponsored by the Swedish National 
Association of Soft Drinks Manufacturers. 
It is conveniently arranged in chronologi- 
cal order and is well indexed both accord- 
ing to subjects: natural history, physics 
and meteorology, chemistry and mineral- 
ogy, history of chemistry and meteorol- 
ogy, commemoration speeches, autobi- 
ography, reviews, and translations, and 
also under the language headings. Amer- 
ican historians of chemistry will be 
pleased to know that a surprisingly large 
number of Bergman’s works are available 
in English translation. The author’s in- 
troduction, the postscript by Bertel Lin- 
der, and the subject headings of the index 
are all in English. 

The following subjects taken from the 
section on chemistry and mineralogy may 
give some idea of Bergman’s versatility: 
acid of air, acid of sugar; preparation of 
alum; the art of assaying in the wet way; 
elective attractions; the blowpipe; brick 
burning; urinary calculi; fulminating 
calx of gold; the usefulness of chemistry; 
arsenic, cobalt, nickel, platinum, manga- 
nese, tungsten; the form of crystals; asbes- 


tine earth, the earth of gems, siliceous 
earth; a natural system of fossils (mine’- 
als); spring water, sea water, water anal- 
ysis; basalts; zinc ores; history of 
chemistry during the middle ages, and tl.e 
origin of chemistry. One of the items 
listed. is a letter from Joseph Priestle.;, 
dated October 21, 1772, an excerpt of 
which Bergman translated from Latin and 
published in a Swedish journal. In this 
letter Priestley gave at Bergman’s request 
a brief account of some of his most in- 
portant observations. 

The frontispiece of the bibliography is 
an excellent reproduction of a Wedgwoud 
portrait medallion of Bergman. The ¢n- 
tire volume is a worthy tribute to the 
memory of this great Swedish scientist 
who played such a large part in the eiglit- 
eenth-century history of chemistry in gen- 
eral and in particular in the history of 
several chemical elements, such as cobult, 
nickel, manganese, molybdenum, and 
tungsten, that were discovered during his 
lifetime. 

MARY ELVIRA WEEKS 
Detroit, MiIcHIGAN 


CHEMICAL ENGINEERING REPORTS 


Kenneth A. Kobe, Professor of Chemical 
Engineering, The University of Texas, 
Austin, Texas. Fourth edition. Inter- 
science Publishers, Inc., New York and 
London, 1957. viii + 175 pp. 22 x 
28.5cm. $3. 


Tuis college textbook is subtitled ‘‘How 
to Search the Literature and Prepare a 
Report’’; about a third of the book is 


LICLAD. 


LAY-ADAMS, INC.,NEW YORK 
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BARNSTEAD 


PURE WATER 
EQUIPMENT 


FOR 
THE LABORATORY 


STILLS 


Chemically-pure dis- 
tilled water, free from 
bacteria, organics, etc. 

. in whatever quan- 
tity your laboratory re- 
quires. 


precise 
amounts of distilled 
water from containers 
while filtering out con- 
tamination from air 
entering the chamber. 
Filter is replaceable 
and low in cost. 


LABORATORY 
STERILIZER 


Now in two models 
. Rolling Door, and 
Hinged Door type. Elec- 
trically and steam- 
heated models. 


BANTAM 
DEMINERALIZER 


Model BD-1 produces 5 to 8 
gph. Model BD-2 operates under 
pressure. Produces 5 to 25 gph 
of purest demineralized water. 
Connects to any tap. 


NEW LITERATURE 
0 Catalog ‘‘G’’ on Water Stills 

© Bulletin #131 on Ventgard 

C) Bulletin #142 on Laboratory Sterilizer 

O Bulletin #128 on Bantam Demineralizers 
© Bulletin #139 Tin-Lined Pipe, Fittings 


0 Cataiog 127-A Water Demineralizers 


arnstead 


BOSTON NEW YORK CLEVELAND 
JAmaica Kingsbridge ACademy 
4-3100 8-1557 6-2266 
CHICAGO PHILADELPHIA LOS ANGELES 
Financial LOcust RYan 
6-0588 8-1796 1-9373 
CITY SAN FRANCISCO CHATTANOOGA 
311 6-5863 


65 Lanesville Terrace, Boston 31, Mass. 
FIRST IN PURE WATER SINCE 1878 
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Recent Sooke 


devoted to developing the first part of the 
subtitle and to bibliographies. This is 
indeed a welcome and much needed addi- 
tion to the training of young scientists and 
engineers. 

It seems rather out of proportion to use 
almost a fifth of the book to discuss such 
mechanical details as typing and repro- 
duction processes. Since the author ad- 
vises young engineers entering business to 
use his format if their companies do not 
have style manuals, it is unfortunate that 
he should have chosen such an unusual 
format, especially with regard to side 
headings. 

The material in the appendixes, espe- 
cially the lists of approved abbreviations 
and symbols, is especially well chosen. 
Since good technical report writing is 
realiy just good expository writing, the 
author wisely avoided the usual copybook 
maxims and emphasized those aspects of 
report writing that present special prob- 
lems. However, it is this reviewer's 
opinion that much more should have been 
written about the presentation of technical 
data which is the most distinguishing 
feature of technical reports. The book 
covers the purpose, form, and organization 
of the more common types of reports: 
business, letter, text, formal engineering, 
and laboratory reports. 


ETHALINE CORTELYOU 
Armour RESEARCH FOUNDATION 
Cuicaco 16, 


GAS CHROMATOGRAPHY 


Courtenay Phillips, Fellow of Merton 
College, University Demonstrater in In- 
organic Chemistry, Oxford. Academic 
Press Inc., New York, 1956. x + 105 pp. 
Many figs. and tables. 14 X 22 cm. 
$3.80 


Tus book, which is the first to appear 
on the subject, should be of special inter- 
est to all who are using or considering the 
use of gas chromatography. The author 
is well qualified to write such a book since 
he was among the first to do research in 
this field, and he and his students have 
contributed several valuable papers to the 
literature. 

The book is designed to give a broad 
survey of work in the field. On the basis 
of the literature available at the time it 
was written, the author discusses theoret- 
ical principles, describes the apparatus, 
materials, and techniques used, and pre- 
sents typical applications. On the whole, 
the book is well organized, clearly written, 
and technically correct. 

It is inevitable that any book on gas 
chromatography appearing during this 
period of its prodigious increase in popu- 
larity must be somewhat out of date when 
it is published. Phillips’s book contains 
no references dated later than 1955. Less 
than one-half of the papers presently avail- 
able on the subject had appeared at that 
time. In spite of this handicap, the book 
is a valuable source of information on gas 
chromatography. 
H. W. PATTON 
Tennessee Eastman CoMPANY 
Kinasport, TENNESSEE 


EXACTING ? 
Your lab needs 
will best be met 


by VITREOSIL' 


Not just the world’s largest, but also the 
most exacting producer of incomparable 
fused quartz ware offers Vitreosil to meet 
your precise needs and specifications. 


TUBING 


sand surface glazed 
or satin surfaced 


and transparent 
Useful up to 1000” C. and under 
extreme thermal shock, Vitreesil 
tubing has both chemical and cata- 
lytic inertness. It is homogene- 
ous and free from metallic 
impurity, and transparent 
Vitreosil offers the best 
ultra-violet transmission. 


Supplied in all 
normal lengths and diameiers. 


CRUCIBLES - DISHES - TRAYS — 


+ POTS - 
TANKS 


Crucibles made of Vitreesil guard the real pur- 
ity of your compounds. They are non-absorp- 
tive, non-catalytic, non-porous; can be wire- 
wound for electrical heating; are immune to 
extreme electrical, chemical and 
thermal conditions. Available in 
transparent, glazed and unglazed. 
Dishes of Vitreosil are ideal for 
concentrations, evaporations, 
— acid solutions. 
All sizes and types. Trays 
and other ware of Vitreosil 

in many sizes from stock, 

or prompt delivery of 
special sizes. 


ELECTRIC IMMERSION HEATER 
& SOCKET JOINTS 
STANDARD TAPER JOINTS 

GRADED SEALS 


Corrosion resistant, this Vitreosil 
equipment is impervious to ail 
organic and inorganic chemicals 
even at very high temperatures 
regardiess of concentrations, 
except strong caustics and hy- 
drofiuoric acid. They have excel- 
lent high temperature character- 
istics, strength, impermeability 
and outstanding electrical prop- 
erties. Stock sizes for immediate 
shipment, custom items to order. 


Write for bulletins and prices 
on any Vitreosil item 


THERMAL AMERICAN © 
FUSED QUARTZ CO., INC. 


18-20 Solem Street. Dover New Jersey 
Please send illustrated bulletin or informa- 
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NYLAB 


SCIENTIFIC INSTRUMENTS cee APPARATUS 


For SPEEDY, PRECISE WEIGHING ... 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
casy—rinse material directly come funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Diam. (mm) Length (mm) _|Price, dozen 


15 40 9.00 
25 65 10.50 
38 13.50 


Orders must be in lots of dozen of one size. 10% 
discount on orders of 6 dozen of same or assorted sizes. 


Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces . . 
rubber bulbs. With- 
stands flexing _indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for oe of glass 
electrodes 


Catalog No. 15720 15721 «15722-15723. «15724 
Capacity 30 60 125 250 500 
Price 1.15 1.20 1.85 


Discount of 107% om orders of dozen or more. 


Filter Bell (with redesigned SLIDE VALVE) 
FOR NEW 
CONVENIENCE 
IN FILTRATIONS 


Vacuum-tight closure as- 
sured by soft rubber gasket 
acting against a glass bottom 
plate .. . Any 
or receiving vesse y be 
“Redesigned. Slide 
Valve permits applica- 
tion or release of a 
vacuum in the bell jar 
while retaining the 
vacuum in other parts of 
the filtration system. 
Minimum Inside Dimensions: Diam. 90 MM; Ht 
at side 120 MM; Ht at center 150 MM. 
Catalog No. 35070............ 
Write for NYLABS’ complete Cat. No. 7 on company 
letterhead. 
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slurries, hot highly conductive solutions, 
or extremely corrosive solutions. The 
electrodeless conductivity method also 
can be designed so as to conform with 
explosion-proof requirements. 


> Cooley Electric Manufacturing Corp., 
50 S. Shelby St., Indianapolis, Indiana, 


BULB announces an extension of developments 
in their “Thermoshell” electric heating 
units. They are composed of resistance 


coils embedded in a process material which 
can be tailor made to shape desired and 


When writing for additional information about new then fired to produce a strong ceramic 
products or for new literature, your inquiry will receive block. 

prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical p> The Barnstead Still & Sterilizer Co., 
Education and the date of the particular issue. Lanesville Terrace, Boston 31, Massachu- 
Pamphlets, booklets and similar literature are gratis setts, announces a new distilled water 
unless otherwise specified. storage tank designed with built-in ultra- 
violet light for the continuous sterilization 
of contents. The ultraviolet light is set 


NEW APPARATUS AND EQUIP- ein the presence of fibers which tend to clog 
MENT conventional conductivity cells, abrasive (Continue! on page A505) 


p A radically new instrument combining 


camera, microscope, and automatic ex- 

wsure called the “Uitraphot II’’ has 
fevently become available in the United | When life hangs by a thread... of 
States, it was announced by the importers, 
Carl Zeiss, Inc., 485 Fifth Ave., New York 
17, N. Y. It provides in a single instru- 
ment every convenience for observing and 
photographing microscopic subjects in 
bright field, dark field, and phase contrast, 
as well as with incident light, utilizing the 
Koehler principle. Three different light 
sources, including an electrically con- 
trolled arc lamp, are available for instant 
use on the instrument. 


p> A new low-cost variable thickness in- 
frared sample cell for cancellation of back- 
ground solvent absorption in infrared 
spectroscopy has been announced by the 
Instrument Division of the Perkin-Elmer 
Corp., Norwalk, Connecticut. The new 
cell has been designed for use with P-E’s 
new low-cost Infracord double-beam in- 
frared spectrophotometer, or Models 13 
and 21 research double-beam spectropho- 
tometers. 

Used in the reference beam, the cell can 
be adjusted to exactly cancel background 
solvent absorption. It may also be used 
for determining optimum analytical thick- 
nesses for qualitative analyses, for cali- 


brating fixed thickness cells, and for es- ] , 
aa ‘ : . T HAD never been done before. The heart lay still, and would for twenty min- 
tablishing working curves and absorption utes more, while the deft hand of the surgeon repaired the damaged valve. 


coefficients. 
A few feet away, the man made stand-in for the human heart beat steadily, draw- 
ing carbon dioxide laden blood from the patient, revitalizing it with life-giving 


> A new, small device !/2 inch in diameter 
to converting alternating currents, a.-c. oxygen, feeding it back in perfect rhythm to waiting arteries. 


voltages or a.-c. power into d.-c. voltages Life, indeed, hung by a thread of . . . plastic. For this marvel of surgery, the heart 
was announced by Hastings-Raydist, Inc. lung by-pass machine, was built around clear, flexible Tygon Plastic Tubing. 


of Hampton, Virginia. Known as the H : 
2 ? Pirate ere again, as in so many applications where the need is critical, Tygon Tubin 
Hastings Electroverter, it is similar in some alone offered the combination of flexibility, clearness, toughness, sterility — 


respects to a vacuum thermocouple but is freedom from toxicity so essential to this life-saving machine. 


much more rapid in response, will with- 
stand overloads without burning out, and 
is more stable. 


Wherever a critical problem exists involv- 
ing the transmission of fluids, gases or 
powders one of the many standard or 
How can this unique special formulations of Tygon Plastic 


> Conventional methods of measurement 
of solution conductivity by means of an plastic tubing serve you? Tubing may fit your needs exactly. 


AC Wheatstone Bridge circuit and elec- We would like to send you a copy of 
trodes in solution give satisfactory results Bulletin 1-97 which describes in detail PLASTICS & SYNTHETICS DIVISION 
in the majority of cases. A new patented the various formulations of Tygon 
electrodeless method developed by Indus- Tubing end the port each ploys in 
trial Instruments, Inc., 89 Commerce or 

Rd., Cedar Grove, New Jersey, supple- Address: Plastics & Synthetics Div. 
ments standard techniques. It is recom- 
mended only under certain conditions as ws AKRON 9, OHIO 


‘ATION VOLUME 34, NO. 10, OCTOBER, 1957 


Vip 
= 
i 
x: “4 


Alcoa’s fascinating 
new teaching aids tell 
«story of aluminum production 


Bs Write for them ... they’re free 


Integrated 15 x 21-in charts plus kit of exhibits tell 
complex story of aluminum production in simple, stimu- 
lating fashion. Available one to a high school for use 
in chemistry classes. Supplement these materials with 
booklets and with showings of Alcoa motion pictures 
described in free catalog. Write ALUMINUM CoMPANY 
OF AMERICA, 803-K Alcoa Building, Pittsburgh 19, Pa. 


MISTORY OF THE LIGHT METAL 


Your Guide to the Best 
in Aluminum Value 


of booklets 


Aluminum Company of America ond films. | 


802-L Alcoa Bidg. 
Pittsburgh 19, Pa. 


CT] Please send new Alcoa® Aluminum teaching kit. 


C] Also send free catalog of motion pictures and booklets. 


char’ 


High school 


THE ALCOA HOUR + Television's Finest Live Drama + alternate Sunday Evenings 


We recommend... 
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20s: sasvo. 
“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient— Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO, per liter. 


Versatile—An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to danse of tubes, towers 
or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative Repeatedly afier any normal 
use, by dehydration at 200 to 225°C. 


Economical— Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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SATION 


Editor's. Basket 


at a special frequency and is mounted 
above the surface of the water. 


p A new, self-contained, vacuum freeze 
drver just introduced by the Vacuum 
Equipment Division of F. J. Stokes Corp., 
Tabor Rd., Olney, Philadelphia, Pennsyl- 
vania, combines for the first time the ef- 
ficiency of larger industrial units with the 
flexibility of small laboratory scale models. 
The new Stokes unit, Model 2003F2, is 
therefore especially suitable for research 
an development work as well as moder- 
ate scale production. 


» Hamner Electronics Co., Inc., Box 531, 
Princeton, New Jersey, announces the 
development of a new high voltage power 
supply to be used in the field of scintilla- 
tion counting or ionization chamber work. 
Designed especially for use with the RCA 
No. 6810 Photomultiplier Tube, the 
Model N-413’s 10 milliampere capacity 
enables it to furnish power simultaneously 
to several of these tubes for coincidence 
work. 


p A new line of six types of Lambda- 
Pettes for paper chromatography work has 
recently been added to the latest catalogue 
of laboratory supplies by Schaar and Co., 
7300 W. Montrose Ave., Chicago 34, Illi- 
nois. Amplifying its extensive stocks of 
all types of precision-made lab equipment, 
these new Lambda-Pettes (microliter 
pipets) conform to A.C.S. proposed speci- 
fications and tolerances for micropipets. 


» A new development in the field of abso- 


introduction by the Arthur F. Smith Co., 
311 Alexander St., Rochester 4, New 
York, of its ASCO Accu-Vac capsule dial 
gauges. Well known for its achievements 
in the high vacuum field, the Rochester 
concern believes the Accu-Vac absolute 
gauges to be the first to combine accu- 
racy, sensitivity, ease of installation, and 
ease of reading in the popular ranges of 
0-20 mm., 0-40 mm., and 0-760 mm. Hg. 


>» A new molding process has achieved 
the complete encapsulation of magnetic 
stirring bars in Teflon, so that solutions 
being stirred magnetically in laboratories 
cannot be contaminated, and the Alnico 
V magnetic bars cannot be corroded. 
The Lozenge is available from Arthur S. 
LaPine and Co., 6001 S. Knox Ave., 
Chicago 29, Illinois. 


> The Edmund Scientific Co., Barrington, 
New Jersey, has available the Sniper- 
scope M-Z, an ingenious instrument that 
has potential use in microscope studies 
under ultraviolet and infrared light, in 
spectroscopy, infrared photography, etc. 


> Burrell Corp., 2223 Fifth Ave., Pitts- 
burgh 19, Pennsylvania, now has available 
a highly sensitive detector cell for gas 
chromatography. It is said to be the 
most sensitive ever devised for all temper- 
ature ranges. 


NEW LITERATURE 
@A new 125-page superpressure cata- 
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logue, No. 407, has recently been com- 
pleted by the American Instrument Co., 
8030 Georgia Ave., Silver Spring, Mary- 
land. It lists hundreds of standard and 
accessory high pressure items, as well as 
custombuilt superpressure equipment, de- 
signed for use at pressures up to 100,000 
p.s.i. and temperatures to 1000°F. 


@ Laboratory Furniture Co., Inc., Min- 
eola, L. I., New York, announces the pub- 
lication of Labmaster Catalogue, No. 
PF-57 describing specialized, heavy duty 
laboratory fixtures for gas, air, vacuum, 
and tap and distilled water. A highlight 
feature is a line of drop-forged, bronze- 
alloy calibrated needle valves for nitrogen, 
hydrogen, argon, and oxygen for pressures 
up to 1000 Ib. 


e@ A number of new and interesting de- 
velopments in laboratory equipment are 
presented in the latest 16-page issue of 


Lab Log. Among them are the electro- 
balance, a photomicrography illuminator, 
a.-c. line-operated spectrophotometer 
freeze-dry equipment, stabiltherm utility 
oven, and a multi-purpose constant tem- 
perature bath. For a copy, write Will 
Corp., Rochester 3, New York. 


@ New Beckman literature, Package 
No. 4-1, covers important areas of instru- 
ment applications in spectrophotometry 
and gas chromatography. Featured are 
separate reports on: fluorescence spec- 
trophotometry; near infrared spectropho- 
tometry; analysis of aerosol-type propel- 
lents by gas chromatography; and how 
automatic recording spectrophotometer 
aids reagent production. For Package 
No. 1- write: Beckman, Scientific In- 
struments Division, Fullerton, California. 


@ Volume 3, Number 4, 1957, Jodine 
(Continued on page A507) 


lute vacuum and pressure indicators is the © 


AIRFLOW 


FUME. HOODS 


Give You More Work Space 


Take Up Less Room Space 


Here’s good news for laboratories—especially those with limited 
space. Kewaunee’s new Airflow Thinwall Fume Hoods provide 5 
inches more working space in 4 inches /ess room space. 

Rigorous testing and actual laboratory use indicate that the new 
Thinwall Hoods are only slightly less efficient than Kewaunee 
Supreme Hoods, and have approximately 50% greater efficiency 


than most conventional Hoods. 


It has a variety of outstanding features, too. Eye-level remote 


control and service fixtures . . 


. automatic bypass. . 


. exceptionally 


attractive appearance. In every detail you'll find the Thinwall has 
been thoughtfully designed to fill a real need—and craftsman-built 
for years of efficient, economical use. 


KEWAUNEE MANUFACTURING CO. 
5014 S. Center Street, Adrian, Michigan 


REPRESENTATIVES IN PRINCIPAL CITIES 


= 
} 
i 
liq- q 
sic- 
ma 
— Get full details on Kewaunee’s complete line of Fume Hoods—from the 
handy, portable Flexihood to the big Airflow Supreme—in this new 48- 
page catalog. Shows photographs, drawings, specifications, operating 
data, and other helpful information. Send for your copy now— it's free. : 
ny 
AS05 : 


Eck & Krebs, pioneers in high vacuum stopcocks, set 
; high standards for their products. This high quality 
. is continuously maintained by skilled craftsmen and 
technicians with years of experience. 


ve pcan nage hand lapping gives our stopcocks a high mirror finish and 
ecision 

@ Heavy wall side arms for added strength. 

e Sertgnes with large working surfaces to stand up under continuous 


e Precision-grade stopcocks are basic eta anna in our McLeod Gauges, 
vacuum pumps and — ney 


We are in a position to creatively interpret and manu- 
facture any apparatus to your specifications whether 
from a blueprint, technical article or textbook... 
promptly and economically. 


See our Catalog EK-57 for all your laboratory glassware requirements. 


anufacturers of 
hifi he Glass Apparatus and 


27-09 40th Avenue « Long Island City 1, N. y. 


“LINDE”'M.S.C.rare gases are the purest obtainable 


HELIUM - NEON - ARGON - KRYPTON - XENON 


LINDE rare gases are produced under continuous 
" mass spectrometer control to assure you of gases 
Be of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LinDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
ie nicians and engineers to all of its customers on 
their rare gas problems. 
et Write for the booklet, “LinpE Rare Gases” 
“ which contains information on the physical, chem- 
ical, and electrical properties of these gases. 


LINDE COMPANY 


Division of Union Carbide Corporation 
30 East 42nd Street New York 17, N. Y. 


In Canada: Linde Company, Division 
of Union Carbide Canada Limited, Toronto 


The term “Linde” 
is a registered trade-mark of Union Carbide Corporation. 


Now! REMOTE evaporating 
and drying by 
INFRARED RADIATION 


FUSED QUARTZ EPIRADIATORS 


—an ideal ke 
source of high— 
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translucent 


Abst 
Chil 
120] 
avail 


eD 
Mod 
tory 
tion 

in th 
devel 
tors 
centr 
in 
out 
conve 
Divis 
Caiife 
@ Nz 
tions 
have 
tions 
Requ 
lica tic 
tion, 


© EVAPORATION WITHOUT BOILING 
© DRY CLEAN RESIDUE, NO MATERIAL LOST 
© RAPID, ECONOMICAL, REQUIRES NO ATTENTION 


The radiated energy is absorbed by the upper 
layer of liquid which evaporates rapidly while 
the balance of the liquid and the crucible re- 
mains cool. An ideal, all purpose laboratory aid 
that can also be used for drying, heating and 
many other purposes. Write for Bulletin. 


QUARTZ PRODUCTS 


CORPORATION 


688 SOMERSET STREET, P.O. BOX 628, PLAINFIELD, N.J. 
Telephone: PLainfield 5-4699 


CRUCIBLES 


are available in a complete 
variety of sizes and styles. 


Crucible Covers for all 

crucibles with which covers are 

regularly used are also supplied. 
OBTAINABLE FROM YOUR LABORATORY SUPPLY DEALER 


Coors PorceLain COMPANY 
GOLDEN, COLORADO 


over ¢ 


suitable 
uremen 
solids, 
produc! 
Copis 
Schlum 
Ridgefi 


@ Phot 
New Y 
No. 195 
Model 

cord 


CONVENIENT 
HIGH QUALITY 


JOURNAL OF CHEMICAL EDUCATION  VOLUM 


< 
# 
Mc 
are al 
fluoro 
Manu 
sion ¢ 
COORS 
U.S.A. the “I 
troscoy 
These 
flame 
Conve 
fields « 
dure i 
Scienti 
* @ The 
Analyz 
NMR 
ment 
UNIFORM 
A506 


Gasket 


Abstracts and Reviews, published by the 

Chilean Iodine Educational Bureau, Inc., 

3 120 Broadway, New York 5, N. Y., is now 
7 available. 


| 
. @ Details of the new Beckman Spinco 
“a Mode! K, a 51,000-times-gravity labora- 
% tory centrifuge, are given in a new publica- 
tion identified as Form SBK-1. Featured 
in the literature are details on the newly 
developed, insulated, core-ventilated ro- 
<¥ ye tors which make it possible to operate a 
em centrifuge up to speeds of 25,000 r.p.m. 
in «ir without rotor overheating and with- 
ou! the resulting problems of thermal 
convection in the rotor. Write Spinco 
Division, Beckman Instruments, Inc., 1189 
California Ave., Palo Alto, California. 


@ National Science Foundation publica- 
tions are available to all scientists who 
have need for them. Lists of publica- 
tions are available from the Foundation. 
Requests should be addressed to the Pub- 
lications Office, National Science Founda- 
tion, Washington 25, D. C. 


@ More than a dozen tables of properties 

are among the features of a 10-page tech- 

nical booklet on “Kel-F’’ brand halo- 

fluorocarbon polymers now available upon 

request from Minnesota Mining and 

Manufacturing Co. (3M), Dept. B7-226, 
D, N.J. St. Paul, Minnesota. 

Advantages of halofluorocarbon disper- 
sion coatings for industrial corrosion con- 
trol and contamination prevention are de- 
scribed in another new 4-page booklet on 
the ‘“Kel-F”’ brand dispersion coating sys- 
tem available from Dept. B7-227. 


@ Unique 28-page Beckman reprint R-100, 
Bibliography on Analytical Flame Spec- 
troscopy by R. Mavrodineanu, contains 
over 900 references arranged chronolog- 
ically and alphabetically by author. 
These cover the evolution of analytical 
flame spectroscopy from 1848 up to date. 
Conveniently indexed are the various 
fields of applications in which this proce- 
dure is used. For reprint R-100 write: 
Scientific Instruments Division, Beckman 
Instruments, Inc., Fullerton, California. 


@ The first issue of Tech-Talk deals with 
a new tool for moisture analysis, the Sch- os . 
lumberger Nuclear Magnetic Resonance 
Model 104. The Model 104 | LABGRATORY 
NMR Analyzer is an analytical instru- 
ment used for the quantitative measure- 
ment of hydrogeneous liquids (water and 
oils) in solid materials. It is particularly ies . | 
suitable for rapid, non-destructive meas- oD * Made of KG-33 


VACUUM DISTILLATION PUMP 


SINGLE STAGE CONSTRUCTION 


Especially Efficient in Distillations 
Requiring Long, Continuous Service 


e Guaranteed Vacuum .02 mm. (20 microns) 
@ Free Air Capacity 33.4 Liters Per Minute 


Extra Large Oil Reservoir and Greater 
Free Air Capacity increase value 

and utility of pump for vacuum 
distillation purposes 


PRICE 


$150” 


ie Patent No. 2337849 
Complete with Motor - No. 1404H 


The large volume of oil dilutes the vapors which are a product of the 
distillation, thereby reducing sticking and corrosion of the pump mecha- 
nism. If the oil becomes too contaminated, it can be removed quickly and 
easily by means of a drain cock. The movement is simple, trouble-free 
and operates quietly. 


1404H. WEGNER PUMP, Motor Driven. 1404F. WEGNER PUMP, Motor Driven. 
For 115 volts, 60 Cycles, A.C. Each, $152.00 For 115 volts D.C. Each, $200.00 
For atiached Beli Guard add $17.50 to prices. 
1404. WEGNER Pump, Unmounted. 
14041. WEGNER PUMP. Motor Driven. With pulley, but without motor, belt, or base. 
For 230 volts, 60 Cycles, A.C. Each, $152.00 Each, $115.00 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880-——— 
1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 


urement of moisture in granular or fibrous silicate Glass: wh + 
T solids, with very high accuracy and re- ge . ‘ _s-—hlte for New Ace Supple; 
ry producibility. -resistanc listing this new line of glass} 


Copies may be obtained by writing mechanical shock ang chemical led MO 


Schlumberger Well Surveying Corp., attack. 
Ridgefield, Connecticut. “Inferchangeoble wit ern Division, Louisville, Ky. 


and can be sealed 

ACE GLASS INCORPORATED 

No. 195 on their Line-Operated pH Meter VINELAND @ NEW JERSEY 

Model 85 and No. 1100 on their Vari- | 

cord Variable-Response Recorder. The 
(Continued on page A509) 
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Photometers 


Klett-Summerson 


No. 900-3 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


LETT SCIENTIFIC PRODUCT 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS 


Klett Manufacturing Co. 


| 179 EAST 87TH STREET, NEW YORK N. Y. 


Third Printing Now Ready ! 


TESTED DEMONSTRATIONS 
in GENERAL CHEMISTRY 


from the 1955 and. 1956 
volumes of The Journal 
of Chemical Education 


r Tis invaluable teaching aid contains the 
entire 24 instalments comprising 561 tested 
demonstrations on the following topics: 


Chemical Reactions 

Oxygen 

Hydrogen 

Water, Acids, Bases, Salts 

States of Matter. Solutions 

Ionization 

Energy 

Equilibrium. Oxidation and Reduction 
Atomic Structure. Radioactivity 


Group Zero (Inert Gases) and the At- 
mosphere 


Metallurgy 

Group I. The Alkali Metals. The Cop- 
per Group 

Group II. The Alkaline Earth Metals. 
The Zinc Group 


Aluminum. The Rare Earth Metals 
Boron and Silicon 

Carbon and its Inorganic Compounds 
Nitrogen Chemistry 

Group V. The Phosphorus Family 
Group VI. The Sulfur Family 

20. Group VII. The Halogens 

21. Metals of Groups IV-VIII 

22. Organic Chemistry 

23. Colloid Chemistry 


24. Miscellaneous. A selected list of Ele-* 
mentary Demonstrations 


PN 


— 


The booklet is attractively printed, bound in 
serviceable yellow cover stock, and punched for 


a standard 3-ring binder. 
Single copies............ $1.50 
10-19 copies............. 1.20 each 
20 or more copies........ 1.00 each 


JOURNAL OF 
CHEMICAL EDUCATION 


Easton, Pennsylvania 
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Editor's Sacket 


latter instrument is mainly designed for 
quantitative densitometric evaluation of 
electrophoretic color patterns on strips 
of filter paper. 


@ Crystal lattice models of chemical 
elements, compounds, minerals, and alloys 
are listed and illustrated in a 6-page 
descriptive bulletin. Angles and dimen- 
sions of models are based upon data 
obiained by X-ray and electron diffrac- 
tion. Bulletin describes basic school 
sets and models for advanced study. 

For copies write to Arthur 8. LaPine & 
Co., 6001 So. Knox Ave., Chicago 29, 
Illinois. 


@ 1 Visitor’s Guide to Medical Progress, 
describing the primary research and facili- 
ties of the Sterling-Winthrop Research 
Institute, division of Sterling Drug, Inc., 
Rensselaer, New York, has been published 
by the Institute, it is announced by Dr. 
Maurice L. Tainter, director. The 46- 
page brochure takes the reader on a pic- 
torial tour of the research center of Sterling 
Drug, Inc. 


@ A new, 68-page technical data book on 
anhydrous ammonia and ammonia liquor 
has been prepared for industry by Nitro- 
gen Division, Allied Chemical & Dye 
Corp., Dept. ALA, 40 Rector St., New 
York 6, N. Y. 


@ Information Service of the Jarrell- 
Ash Co., 26 Farwell St., Newtonville 
60, Massachusettes, announces the avail- 
ability of a 24-page brochure, CH 403, 
describing a variety of prism and grating 
spectrographs, and related accessories, 
produced by England’s pioneer instru- 
ment manufacturer—Hilger & Watts Ltd. 


@ Butanol is discussed in a new folder 
just released by Union Carbide Chemicals 
Co., Division of Union Carbide Corp., 
30 E. 42nd St., New York 17, N.Y. The 
booklet presents data on physical and 
physiological properties, specifications, 
shipping information, solubilities, con- 
stant-boiling mixtures, and applications. 


@ Fischer & Porter Co., 230 Jacksonville 
Rd., Hatboro, Pennsylvania, manufac- 
turer of chlorination equipment, has just 
issued Technical Bulletin WWC3B4 on 
the handling of chlorine liquid and gas 
from container to dispenser. The booklet 
gives pertinent facts about chlorine, lists 
safety precautions, and outlines recom- 
mended practices for designing and con- 
structing chlorine supply systems. 


@A new 1958 edition of the Matheson 
Gas Catalog and Quick-Reference Manual 
is now being distributed by The Matheson 
Company, Inc., P. O. Box 85, East Ruther- 
ford, New Jersey. Prices and technical 
datz are provided on the 76 compressed 
gases and mixtures that are stocked by 
Matheson’s plants in East Rutherford, 
N. J.; Joliet, Ill.; and Newark, Calif. 
Four new compressed gases are listed. 
The Catalog also describes Matheson’s 
complete line of automatic gas regulators, 
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controls, flowmeters, safety devices and 
accessories, including new items. 


@ Servall Small and Medium Angle 
Centrifuges are the subject of a new eight- 
page catalog just released by Ivan Sorvall, 
Inc., of Norwalk, Connecticut. The five 
models offer, among them, stainless-steel 
rotors for maximum speeds of 5000 and 
6000 rpm (3440 X< G to 4600 x G) with 
maximum operating capacities of 240 ml. 
to 575 ml. 

Each model is described in detail, and 
there is a complete reference chart showing 
the various combinations of tubes that 
can be accommodated in five rotors. 
There are useful discussions of the Angle 
Principle, and the Servall-Blum Self- 
Centering Direct Drive that minimizes 
problems of balance and vibration. 

Various other Servall laboratory instru- 
ments are illustrated. Information and 
literature on all Servall products are avail- 


| 
| 


Which would you say 


is Custom Constructed ? 


The seemingly simple “T” tube and 
the complicated fluorine apparatus 
both are custom made apparatus. 
They’re two divergent examples of the 
special labware we make for special 
purposes. However unlike in appear- 
ance and function, they do have things 
in common — they're painstakingly 
made of Pyrex® brand chemical glass 
by Corning craftsmen, to exacting 
specifications. 

And both are listed, along with 
6000-and-then-some others in CA-2, 
our catalog of Custom Made Labora- 
tory Glassware. 

In CA-2 you'll see 
many other items 
that run the gamut 
from simple to com- 
plex. Each reflects 
Corning’s capacity to 
quickly make special 


able from the manufactwer: Ivan Sorvall, 
Inc., Norwalk, Conne:ticut. 


% Bethlehem Apparatus Co., Inc., Heller- 
town, Pennsylvania, announces avail- 
ability of color-coded twin Tygon tubing 
for torches and burners. Samples are 
available on request. 


% Consolidated Electrodynamics Corp., 
300 N. Sierra Madre Villa, Pasadena, 
California, offers Mass Spectrometer An- 
alytical Service. A bulletin with this 
name describes these services. 


% Exhibitors are enrolling in unprece- 
dented numbers for the 26th Exposition of 
Chemical Industries, which will be held 
at the Coliseum in New York, December 
2 to 6. The Exposition will occupy all 
four floors of the Coliseum and with spaces 

(Continued on page A510) 


apparatus that meets your special needs. 
When you want something special— 
be it simple or complex—check CA-2. 
If you don’t find what you want, or 
want to change what you find, send us 
your sketch. Our lampworkers will 
soon be forming the item with the 
skill gained in more than 40 years of 
making Pyrex brand labware. 
r 
CORNING GLASS WORKS 
70-10Crystal Street, Corning, New York 
Please send me your Special Apparatus 


Catalog CA-2, “Custom Made Labora- 
tory Glassware.” 
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PYREX® laboratory ware 
. . - the tested tool of modern research 
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the most modern 
package of weight 
sets ever offered 
“aif Every lab can now have their weights in a 

shrink-proof, reinforced plastic, hinge-covered 


WEIGHT SETS "Toten, functional design affords sure, easy 
grasping. 


- 


be Jor complete 


information write for 
FREE bulletin...... «1050 COMMERCE AVE. 


NALGON TUBING* is saving time 

ey Le and money in plants and laboratories 
44 everywhere. Perfect flexibility, high chemical 
resistance, absolute safety, true transparency and 


excellent dimensional stability prove efficiency in use . . . and it’s 
economical too! The 4,” D with \%g¢” wall sells for less than 15c 
per foot. You'll find NALGON easy to handle and available in all 
vt sizes from 4” ID through 2” ID. Ask your dealer for catalog E-956 


*a Propucr 
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assigned to 530 exhibitors up to the end 


of July; it will be the largest display of 


its kind ever staged. 


* The following new compounds have 
been announced. 


Three amine boranes—dimethylamine- 
borane (CH;).NH: BH;—trimethylamiiie- 
borane (CH;);N:BH;—and pyridine-bor- 
ane C;H;N : BH;—are now available from 
Callery Chemical Co., Callery, Pennsy1- 
vania, in research quantities. 

Decaborane by American Potash and 


Chemical Corp., 3030 W. 6th St., Los 
Angeles 54, California. 


Trichloromethanesulfonyl chloride by 


Stauffer Chemical Co., 380 Madison Ave., 
New York 17, N. Y. 

Fluorenone oxime, potassium fluoro- 
acetate, monofluoroacetic acid, dihydroxy 
maleic acid, p-fluorophenol and glycollic 
aldehyde by Abco Chemical Co., 2316 
Atlantic Ave., Brooklyn 33, New York. 

Mann Research Laboratories have 
available 15 new steroid intermediates; 
information can be obtained from their 
office, 136 Liberty St., New York 6, 


N.Y. 


* The following reports are now available 
from the Office of Technical Services, 
U.S. Department of Commerce, Washing- 
ton 25, D. C. 


PB 121133 


PB 121744 


PB 121784 


PB 121541 


PB 121818 


PB 121853 
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Chemical Resistance of Plas- 
tics. Bureau of Ships, U. S. 
Navy. March, 1954. 475 
pages. $9. 

The Silver Oxide-Zine Alka- 
line Primary Cell: Part 4 
Anodic Characteristics of Zinc 
Alloys, C. M. Shepherd, 
Naval Research Laboratory, 
February, 1957. 25 pages. 
75 cents. 

Radiological Health Hana- 
book, S. Kinsman and others, 
Robert A. Taft Sanitary En- 
gineering Center, Public 
Health Service, U. S. Depart- 
ment of Health, Education 
and Welfare, January, 1957. 
$3.75. 

Phosphorescent and Fluores- 
cent Material. L. H. Davw- 
son, Naval Research Labora- 
tory, December, 1956. 50 
pages. $1.25. 

Preparation of Fluorine-Con- 
taining Compounds. H. C. 
Brown and others, University 
of Florida for Wright Air De- 
velopment Center. Novem- 
ber, 1956. 26 pages. 75 
cents. 

Survey of Fundamental Knoul- 
edge of Mechanisms of Action 
of Flame-Extinguising 
Agents. R. Friedman and J. 
B. Levy, Atlantic Rese.rch 
Corp. for Wright Air De 
velopment Center, January, 
1957. 100 pages. $2.50. 


‘ 


the end 
isplay of 


ds have 


ylamine- 
vlamirie- 
line-bor- 
ble from 
Pennsy'- 


ash and 
St., Los 


ride by 
on Ave., 


 fluoro- 
hydroxy 
glycollic 
0., 2316 
York. 

have 
nediates; 
ym. their 
York 6, 


available 
Services, 
W ashing- 


of Plas- 
ps, U. S. 
954. 475 


ne Alka- 
Part 4, 
8s of Zinc 
hepherd, 
oratory, 
pages. 


Hand- 
d others, 
tary En- 

Public 
Depart- 
ducation 
ry, 1957. 


Fluores- 
H. Daw- 
Labora- 
956. 50 


rine-Con- 

H. C. 
niversity 
t Air De- 
Noven- 
wes. 75 


Knowl. 
of Action 
uguishing 
n and 
Rese:rch 
Air De- 
January, 
2.50. 


CATION 


PARR APPARATUS 
. . . for reactions at elevated 
pressures and temperatures 


Series 3910 
LOW PRESSURE, SHAKER TYPE — For catalyti 
hydrogenation and other reactions at pressures to 
5 atm. using a 500 ml. glass reaction bottle held in 
a sturdy clamping device. Connections to a liter gas 
tank oo ig fae quantitative control of hydrogen con- 
sumed. Heater available for cemperatures to 100° C. 


| Series 4500 


MEDIUM PRESSURE, R TYPE < For hy- 
drogenation, alkylation, hydrolysis, polymerization, 
sulfonation and many reactions requiting an 
autoclave with stirrer for pressures to 1000 fais- and 
temperatures to 350° C. Available with either | or 
2 liter stainless steel both interchangeable in 


HIGH PRESSURE, ROCKER TYPE — For hydro- 
genation and f reactions at pressures to 6000 
ig. at temperatures to 350° C. Furnished with either 
£06 or 1000 ml. stainless steel bombs. Apparatus in- 
cludes oscillating mechanism, electric heater, and con- 
nections for adding or removing gas under pressure 
while rocking. 


Ask your Parr Dealer or write direct. 


PARR INSTRUMENT CO. 


MOLINE, ILLINOIS 
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NEW 
DOUBLE 
DUTY 
INSTRUMENT 


Hot Plate — Magnetic Stirrer 


New low cost—plus 
advanced design features 


Now you can heat and stir simultaneously 
with WACO AGITHERM. Heavy-duty in- 
dividual controls allow use of either stirrer or 
hot plate independently when desired. 


The 500 watt hot plate can be set thermo- 
statically at any temperature up to 600° F. 
Pilot light indicates when heat is on. The 
perforated stainless steel case assures cool 
operation of motor. Compact design, 614” 
diameter by 5” high. 


No. JC-84500 Agitherm Stirrer Hot Plate, com- 
plete with one each glass and Teflon covered 

irring bars *4 x 114", for 115 volt, 60 cycle, 
A.C. .. . $67.50 


ORDER NOW! 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO $1, ILLLNO!S 
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APPARATUS SERVICES 


Send for our 1957 - 1958 
Catalog listing the finest 
organic chemicals available 


H&S CHEMICAL 
CORPORATION 


168 EATON STREET 
BUFFALO 8, NEW YORK 


RARE and FINE ORGANICS 


| Available from Stock 


evANAMIDE mp 


PIVALALDEHYDE 
| ETHYL ISOCYANATE prorocaTECHUIC 
| GLYCYRHETTIC ACID nEHYDE 
IODOACETAMIDE 
PHLORETIN 
IODOCYANIDE 
JODOPHOSPHINE PYRROLE 
METHYLCROTONATE TROPIC ACID 


Write for free Catalog 


VISUAL and PHOTOELECTRIC 
POLARIMETERS 


FOR OPTICAL ROTATION 
MEASUREMENTS 


O.C.RUDOLPH&SONS 
P.O. BOX 446, CALDWELL, N. J. 


CHEMICALS 
4 A R METALS 
MINERALS 
CHEMICALS PRODUCED TO ORDER 
Send for New Lists 


A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


NOW OVER 5/00 
CHEMICALS 


1,8-Naphthalenediamine 

Naphthidine 

a-Naphtholphthalein 

a-Naphthoquinoline 

Naphthosulfone 

a-Naphthylisothiocyanate 

Neodymium Carbonate 

Neodymium Chloride 

Neopentane 

Neopentanol 

Neotetrazolium Chloride 

Neurine Bromide 

Nickel Boride 

Nickel Borofluoride 

Nickel Iodide 

Nickel Oleate 

Nickel Tartrate 

Nile Blue A 

Nitrazine 

Nitroarginine 

o-Nitrobenzyl Alcohol 
o-Nitroethylbenzene 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


West 60th St New Mork 23, N.Y 
7-817) 


ARSENIC TRIBROMIDE 
COBALT BROMIDE 
NICKEL BROMIDE 


manufacture 


132 W. 22nd St. New York 11, N.Y. 


Write for our list of rare chemicals 
@) CITY CHEMICAL CORP. 


| Some of the many special chemicals we | 


CARGILLE 


FLASK HOLDER 
for round bottom flasks 


When pressed 
down into the 
spring wire sup- 
ports, flask re- 
mains upright. 
A great conveni- 
ence if you use 
round bottom 
flasks. 


Several Sizes 


Write for 
prices 


R. P. CARGILLE LABORATORIES, Inc. 
117 Liberty St. New York 6, N.Y. 


CHEM ED BUYER’S GUIDE—— 


Advertising Rates 
$ 2.00 per inch 
10.00 per inch 
11.00 per inch 
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ACCESSORIES 


for B. & L. “SPECTRONIC 20” 
SPECTROPHOTOMETER-GOLORIMETER 


CELL CARRIER ROTO-CELL DIDYMIUM FILTER 
for 1 ml sample for Calibration 


| 


9085-W. 


9085-D1. CELL CARRIER, Thomas, 0.4 mi, 10 mm light path. Permits use of sample as 
small as 0.4 ml in 9085-E Sample Holder (with spring on same side as cover hinge), which is regularly 
furnished with B. & L. “Spectronic 20” Spectrophotometer-Colorimeters 9084-A to 9084-K, inclusive. 
Takes 9085-N2 Absorption Cell, with 10 mm light path, as used in the Thomas Roto-Cell. By 
means of the precisely located window of the carrier, the light beam is reduced slightly in height 
and passes through the cell just above its bottom. This arrangement decreases the required sample 
size while retaining adequate energy for measurements. Constructed to ensure reproducible results 
by simply inserting carrier into sample chamber firmly so that the light shutter at bottom is com- 
pletely opened. Made of nickel-plated brass, with handle at top and clip for retaining cell. Complete 
with Absorption Cell of Corex glass and Cover of polished plate glass 35.25 


9085-C. ROTO-CELL, Thomas, 1 ml sample, 10 mm light path, for rapid scanning. A 
liquid-cooled double cell carrier for rapid spectrophotometric scanning at controlled temperatures. 
Swivel action permits instantaneous interchange within the instrument, of a 1 ml sample and blank 
or standard into light path, facilitating preparation of spectral transmission or absorption curves. 
Readily interchangeable with standard single place sample hoider. Water jacket type, brass housing 
has inlet and outlet tubulature to connect with external cooling system. Includes light proof collar, 
rotating cell carrier and control knob for positioning cell. Complete with Partitioned Cell of Corex 
glass, two Cell Covers, and directions for use 


9085-W. DIDYMIUM CALIBRATION STANDARD. For checking wavelength scale cali- 
bration and meter performance of B. & L. “Spectronic 20’ Spectrophotometer-Colorimeter. 
Consisting of a Corning No. 1-60 didymium glass filter mounted in end of phenolic plastic holder, 
approximately 13 mm x 13 mm x 100 mm long. Window in opposite end of the holder provides 
unobstructed air path for light beam when holder is inverted, for setting meter reading at 100% 
transmittance. Standard fits directly into Sample Holder as supplied with “‘Spectronic 20.” Complete 
with directions for use, including spectral transmission curve for the filter.................. 9.00 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT SRD ¢ PHILADELPHIA 5S, PA, 
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New and forthcoming texts and references 


QUALITATIVE TESTING and 
INORGANIC CHEMISTRY 


By JOSEPH NORDMAN. Without the aid of addi- 
tional problem books or lab manuals, this text offers 
a complete course in qualitative analysis, plus related 
general chemistry. It treats the chemistry of the 
metals, some topics in “modern” inorganic chemistry, 
the elaboration of equilibrium systems, and the quali- 
tative testing of selected cations and anions. These 
topics are tied together with examples and problems 
from the laboratory work and industry to explain how 
our knowledge developed historically through experi- 
mentation. 1957. Approx. 490 pages. Illus. Prob. $6.50. 


A BASIC LABORATORY 
COURSE in COLLEGE 
CHEMISTRY, 2nd Edition 


By JAMES F. HAZEL, University of Pennsylvania. 
This lab manual offers many new experiments not 
found elsewhere. The student’s interest is generated 
by establishing an adequate background for under- 
standing the experiments without eliminating the 
element of personal initiative. Preference is given to 
quantitative experiments illustrating natural laws and 
phenomena. The author takes a positive approach 
to the student by providing a climate that challenges 
him. 1957. 233 pages. $3.95. 


INDUSTRIAL CHEMICALS 
2nd Edition 


By W. L. FAITH, Air Pollution Foundation, San 
Marino, Calif.; DONALD B. KEYES, Arthur D. Little, 
Inc., New York; and RONALD L. CLARK, Collier 
Carbon and Chemical Corp., Brea, Calif. Revised to 
keep pace with the tremendous changes in the chemi- 
cal industry, this is the only single volume listing im- 
portant technical and economic information on the 
production and use of 140 major industrial chemicals. 
It supplies the following information on each chemi- 
cal: how it is made (with important process details), 
how it is used, how much has been produced each 
year for the past 20 years, the price range for the past 
20 years, the important physical and chemical proper- 
ties of the material, the usual grades, how it is packaged 
and shipped, who makes it and where, and important 
or gag trends. 1957. 844 pages. 498 illus. Prob. 

16.00. 


HIGHER OXO ALCOHOLS 


By LEWIS F. HATCH, Enjay Laboratories. 1957. 
120 pages. Illus. $4.50. 


160 YEARS 


‘Bo, 


OF PUBLISHING 


440 Fourth Avenue 


A518 


‘Volume V 


Order your examination copies today. 


JOHN WILEY & SONS, Inc. 


INTRODUCTION to 
PROTEIN CHEMISTRY 


By SIDNEY W. FOX, Florida State University and 
the Oceanographic Institute; and JOSEPH F. FOSTER, 
Purdue University. This text offers a balanced treat. 
ment of the fundamental aspects of protein chemistry 
and indicates ways in which knowledge of the subjec: 
is basic to other fields, such as biology, nutrition, and 
food technology. The authors develop the subject 
step by step, offering a broad, general coverage of 
the chemistry of amino acids, peptides, and proteins. 
1957. 459 pages. Illus. $9.50. 


BIOCHEMICAL PREPARATION 


Editor-in-Chief, DAVID SHEMIN, Columbia Uni- 
versity. Based on the work of a great number of out- 


standing men in the field of biochemistry, this lates J 


addition to the series covers twenty hard-to-get bio- 
chemical substances. It provides reliable methods 
for oN these important substances which can- 
not be easily obtained from commercial sources, 
Each of the preparations has been carefully checked 
in a laboratory other than the one in which it origi- 
nated to insure its accuracy and feasibility. 1957. Ap. 
prox. 128 pages. Prob. $4.75. 


TECHNICAL REPORT WRITING 


By JAMES W. SOUTHER, University of Washington. 
A short, concise presentation of the basic fundamen- 
tals of technical writing, this guide emphasizes hou 
to write reports and how to organize material func. 
tionally, The design approach of the engineer is 
adapted to report writing problems, presenting 1 
realistic, practical, industry-tested coverage of writing 
essentials. The arrangement of the book is based 
on, and corresponds to, the writing process. The 
author deals with such factors as form, organization of 
material, writing style, and methods and use of illus- 
tration. 1957. Approx. 84 pages. Illus. Prob. $2.95. 


The CHEMISTRY of the 
ACTINIDE ELEMENTS 


“By JOSEPH J. KATZ, Argonne National Laboraton) 
and GLENN T. SEABORG, University of California, 
Berkeley. A concise account of the experimental and 
theoretical aspects of the heaviest elements. It points 
out gaps in our present knowledge of the general field 
and gives the student a background for future develop- 
ments. 1957. In Press. 


New York 16, N. Y. 
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HEAT-BY-THE-YARD 


Cut off a length of heat to fit 


Do you need a heating tape just a little bit longer. .or a little bit 
shorter...than standard size Electrothermal heating tape? That’s 
easy! Just take a scissors and cut off the exact length of heating tape you 
require from the roll in the dispensing carton. Wind the tape around the 
glass vessel, metal pipe or equipment you want to heat. Connectors to a 
power line are provided in the dispensing carton, and connections are easy 
to make. 


A nomograph in the carton indicates the voltage required to obtain a 
desired wattage. If close temperature control is desired, a controller such 
as a Powerstat variable transformer can be used to regulate voltage. 


‘“‘Heat-by-the-Yard”’ consists of a continuous network of nickel resis- 
tance wires enclosed in a knitted elastic sleeve of glass fiber yarn. Dis- 
pensing cartons contain lengths of 25 or 50 feet in widths of 1/2 or 1 inch. 
The resistance has been arranged so that the normal working voltage is 
approximately 10 volts per foot. A common working length of 12 feet will 
require 120 volts, and a 23-foot length will need 230 volts, to obtain maxi- 
mum temperature of 450° C (842° F). 

If 10 volts per foot is exceeded, close temperature control is required. 
If the tape is covered by insulation, 10 volts per foot should not be ex- 
ceeded. Otherwise, the upper limit is 15 volts per foot. 


LANCO LOZENGE 
Teflon-Covered Magnetic 
STIRRING 
BARS 


THIS NEW LANCO LOZ- 
ENGE® magnetic stirring bar is the 
first and only one on the market to 
be completely molded in one piece 
Teflon .. > seams, joints, or 
weak spots . .not cemented or 
plugged . guaranteed not to fail 

of the first Teflon- 
molding process to succeed in com- 
magnetic stir- 

ars 

LANCO LOZENGE® index bars are made from powerful 
Alnico V magnets completely molded in Teflon and sintered to 
produce a homogeneous, uniformly thick capsule. Only Teflon 
1s used—no cement, filler, or aaa 

Look for the LOZENGES . . . exclusive with Arthur 8. LaPine 
and Company! 

No. CE384-03-L ae Stirring Bars 
Size. ..... Small Medium Large 
Nominal I ‘Length, inches. F 1!/, 2 


ACTUAL SIZE 


Lots of 12, each... 2.47 2.70 
® Trade-mark hes, May be assorted. 


ARTHUR S. LaPINE and COMPANY 


LABORATORY SUPPLIES e EQUIPMENT @ REAGENT AND INDUSTRIAL CHEMICALS 


No. CE196-00 “Heat-by-the- Yard" 
Width, inches.... 4/2 ‘4/2 1 1 
Length, feet...... 25 50 25 50 
No. of Connectors. 6 12 6 12 
Each..........-. 55.60 97.30 69.00 129.75 


No. CE196-00-A Extra Connectors 


LANCO TEMPUNIT 


PATENTED 


Maintains Constant 
Temperature of 


Water Baths 


Controls Temperature—Pnev- 
matic control system holds un- 
insulated 4-gallon water bath 
to +0.05° from room tem- 

rature to 90° C. 1000-watt 
immersion heater. 


Stirs and Circulates—Brushless, 
fan-cooled !/-HP motor drives 
6-bladed stirrer. Suction from stirrer 
will circulate water at the rate of one 
liter per minute to accessory instru- 
ments such as refractometers and vis 
cosimeters. 


Safe to Operate—Safety features pro- 
tect the water bath from ag 
and the Tempunit from damage due to 
low water level. 

No. CE414-60 Easily Attached to Any Container— 


Each, $ 1 35.°° Fiber-cushioned clamp fits flat or 


curved surface. Overall height only 
10’’. For 115 volts, 60 cycles AC. 
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BOEKEL CONSTANT TEMPERATURE OVENS 


engineered to efficiently serve 
your laboratory oven requirements 


Boekel Constant Temperature Ovens have a double wall con- 
struction, combining a hard asbestos sheathing with polished 
aluminized steel or stainless steel. Constant temperature 
within a range of 35° to 200° C is maintained by Robertshaw hy- 
draulic thermostat, which provides a sensitivity of plus or minus 
1° C. Uniformity within the chamber depends on the load. 
Strategically placed coils operate at black heat for maximum 
efficiency and longer life. Sterilizing temperatures attained in 
approximately one hour. Current can be turned off by a double- 
pole toggle switch, permitting the thermostat to remain set for the 
succeeding test. ‘Sturdy shelves are self-supporting even when 
partially withdrawn and may be adjusted in height every half inch. 


FIVE MODELS FOR YOU TO CHOOSE FROM: 


Monet i064 ~—siIn rust resistant polished aluminized steel with asbestos 
sheathing. Inside dimensions: 18” high X 24” wide X 
14” deep. Outside dimensions: 32” high X 31!/2” wide X 
21” deep. Capacity 3.5 cubic feet. Two removable 
shelves. Electric consumption 1200 watts. 


Mopet 1064S Same as Model 1064 except all metal parts of stainless steel. 


Mopet 1065 _—‘In aluminized steel and asbestos sheathing with all metal 
door. Inside dimensions: 12” high x 12” wide X< 12” 
deep. Outside dimensions: 24'/,” high X 18” wide X 
19” deep. Capacity 1 cubic foot. Two removable 
shelves. Consumes 600 watts. 


Mopvet 1066 _In rust resistant aluminized steel with asbestos sheathing. 
Inside dimensions: 25” high X 31” wide X 19” deep. 
Outside dimensions: 38'/.” high X 38” wide X 281/, 
deep. Capacity 7.5 cubic feet. Three removable Pn oy 
Consumes 2000 watts. 


MopeEx 1066S Same as Model 1066 except all metal parts of stainless steel. 


AVENUE 
5, U.S.A. 


by WM. BOEKEL & co. INC. 


AICALS 
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HARSHAW SCIENTIFIC 


Two new centrifuges have been added to 
our already extensive line of International 
centrifuges. The new HT for high speed 
centrifuging and the new CM, a cabinet 
unit, for routine moderate speed work. 
The HT high speed centrifuge provides 
speeds to 17,000 r.p.m., with forces to 
34,390 x G and is designed for maximum 
safety to operating personnel. The CM 
centrifuge features great adaptability at 


moderate price. This attractively designed 


unit accommodates 23 heads and acces- 
sories for any routine application. 

An International centrifuge is available 
for every need from stock. The complete 
line includes micro, clinical, chemical, rou- 
tine, large capacity, explosion proof, 
blood plasma, refrigerated, oil testing, 


~ soil testing, and a number of other special 


application centrifuges. Complete infor- 
mation is available on the centrifuge you 
need. Write for literature. 


H-8800—International Size 1, Model CM, with stainiess 


Mode! HT, with steel 
inst 8-place angle head for 
50 mi tubes (without operation on 115 volts, 
50/60 cycles, single phase... . $748: 


steel guard bowi, autotransformer controller, electric 
tachometer and timer but without head, shields or cabinet 
floor stend; 115. volts, 50/60 cycles. $475.00 


e 
H-8500— 
Clinical Model 
H-8858— Size 1, SBV : H-9506 — Size 2, V H 
Routine and Research Large Capacity, High Speed Bi 
Division of The Harshaw Chemical Co. * Cleveland 6, Ohio or 
Sales Branches and Warehouses fj 


Cleveland 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Row 

Cincinnati 13, Ohio, 6265 Wiehe Road Los Angeles 22, Calif., 3237 S. Garfield Ave. 

Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa., Jackson & Swanson Sts. 

Sales Offices: Baton Rouge, La. * Buffalo 2, N. Y. © Pittsburgh 22, Pa. * Oakland 11, Calif. 
Hastings-on-Hudson 6, N. Y. 
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incredible... but absolutely true! 
For the first time ever, here is the only ther- 
mometer which covers a range from—100°C 
to 900°C, with .01°C sensitivity and digital 
reading of temperature directly. 


ture directly - no calculations necessary 


High Accuracy 
.10°C up to 400°C .20°C up to 900°C 
oe Boek resistance bulb and bridge individually cali- 


Venue sealed platinum elements and leads in resist- 
ance bulb: 
e Hermetically sealed head 


ELECTRONIC b> Plug-in controller accessory with 05°C reproducibility. 


Resistance 


HOW IT WORKS: PRICE LIST: 


By means of a special circuit in the Wheatstone bridge Electronic Resistance Thermometer without 
the reading of the balancing variable resistor is made to 
follow a second degree relationship corresponding with the mometer and these will be individually cali- 

es a direct reading instrument which eliminates the : 
time consuming calculations normally required with high Stainless Steel Bulb, only 
precision resistance thermometry. A high sensitivity elec- Quartz Bulb, only 


aie a permits rapid and precise balancing of the Temperature controller, only 


20-26 N. MOORE STREET, DEPT. 222, NEW YORK 13, N. Y. 
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Will it break before you get there? 


The three best students in your class. But, that’s 
the trouble. They’re always striking out on their 
own ... trying their own experiments. 

But there is one big factor in their favor—your 
efforts to get them the safest equipment with which 
to work. 

That Pyrex brand flask, for example. It can 
take heat and heat shock. It’s made heavier and 
stronger than flasks fashioned of ordinary glass 
that can’t take heat. 

Or the graduated cylinder—it’s mounted on a 
stable, hexagonal base; has a built-in bumper at 
the top to cut down tip-over breakage. One large 


university tested them, found their students broke 
only one Pyrex cylinder to three of a competing 
brand. 

Specifying Pyrex brand is smart buying. Less 
breakage means lower cost.over the years. And 
less likelihood of accidents. 

Write for your free copy of This is Glass. Its 
sixty-four pages describe what glass is, how it’s 
made, where it’s used. Enjoyable reading. 


CORNING GLASS WORKS 


¥ = 76-11 Crystal Street, Corning, N.Y. 


PYREX’® laboratory ware 


. .. the tested tool of modern research 
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SUBLIMATION PRESSURE VISUALIZED 


Submitted by: R. E. Dunbar, North Dakota State 
College, Fargo 

Checked by: Tom Loomis, Lansing Public Schools, 
Lansing, Michigan 


PREPARATION 


A 500-ml. round bottom flask is provided with two orifices on 
opposite sides and approximately one-third of the distance down 
from the top as illustrated. Each vent is slightly tapered and 
bent horizontally at right angles to the vertical axis of the flask. 
The flask is snugly, but not tightly, closed with a solid rubber 
siopper. A wire bale is firmly attached to the flask below the 
ring neck, allowing sufficient clearance for the removal of the 
siopper. The apparatus is then suspended from a clamp, rod, or 
ring on a sturdy ring stand. A swivel, such as fishermen fre- 
quently use, should be interspersed between the flask and support. 


DEMONSTRATION 


A small amount, approximately 50 ml., of low freezing organic 
solvent is placed in the flask. The introduction of a few grams of 
dry ice will generate sufficient gas and pressure to spin the flask 
at a terrific rate. 


REMARKS 


The principle of operation is the same as that of the twirling 
lawn sprinkler and of Hero’s engine of 200 8.c. In fact the intro- 
duction of water alone into the flask and the application of heat 
at the bottom from a laboratory burner will produce an equally 
spectacular effect. Likewise the introduction of dry ice and 
organic liquid into a small toy steam engine works as well, for a 
short period, as the usual steam operation. 


ELECTRON FLOW IN REDOX REACTIONS 


Submitted by: Bart Park, Michigan College of Mining 
and Technology, Houghton 

Checked by: Tom Loomis, Lansing Public Schools, 
Lansing, Michigan 


PREPARATION 

Provide 2 beakers, salt bridge, 2 vials, and platinum 
wire arranged as shown in diagram. Use 2 to 3 ml. of 
1 N FeCl; and a few drops of 1 N K;Fe(CN). in 200 ml. 
of water in beaker A and 1 N SnC\l, in beaker B. 


DEMONSTRATION 


Fill beaker A with the solution containing FeCl; and 
the beaker B with SnCl, solution. Insert the platinum 
wire in each of the vials. A blue color develops around 
the electrode in the vial in solution A. 


REMARKS 
Reaction at wire in left beaker: 
+ e~ + Fett 


Blue color caused by: 
3Fe++ + 2Fe 
Fe;[Fe(CN ).]? blue 
Therefore, electrons travel through the wire from right 
to left, because if the direction of travel were from left 
to right the blue color would appear at the point of 
contact of the salt bridge and the FeC); solution. 
A solution containing iron(II) ions plus a few thio- 
cyanate ions in one beaker and either dichromate or 


permanganate ions in the other may be used to illustrate 

the oxidation of iron(II) ions. 

Reaction at wire in beaker Red color caused by: 
containing Fe*+*: CNS-—> FeCNS*+* 

Fet+t+ — e~ Fet red 


Therefore, electrons travel through the wire from the 
beaker containing iron(II) ions to the one containing 
the oxidizing agent. Iron(II) ions may be used in one 
beaker and iron(III) ions in the other, but in this 
instance the color-producing reactions are much slower. 
The small vial around each wire prevents the colors 
from spreading. 
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VACUUM -TYPE 


ROTATOR 


You can step up your rate of evaporations four 
or five times without bumping with a Rinco Rotat- 
ing Vacuum-Type Evaporetor. It is especially 
successful with solvents such as dimethylforma- 
mide and water. Thirty ml of water at 22°C. will 
eveporate in approximately 20 minutes. 


The small size Evaporator consists of a stainless 
steel or monel shaft with a machined 19/38 stand- 
ard taper joint at the lower end for flasks up to 1 
liter capacity. 


Shaft rotates on oilite bronze bearings within a 
stainless steel housing having a 17/20 standard 
taper take-off for use with a vacuum pump or 
aspirator. 

The large Evaporator has a 29/42 standard taper 
joint for flasks of 2 liters or larger and a 24/40 
standard taper take-off. Special geared motors 
rotate flasks at approximately 60 r.p.m. Support 
stand, clamps and glassware are accessories and 
may be ordered separately. 


SPEED UP YOUR EVAPORATIONS! 


Low Volatility Solvent Evaporation 


Cat. No. JC55830 RINCO EVAPORATOR, Small—with 19/38 
joint, side arm for attaching ng clamp, universal moter, 
cord and plug. For 110/115 volts AC/DC........ Ea. $96.50 

Cat. No. JC55831 RINCO EVAPORATOR, Small—Same as 
above but with induction motor. For use with 110/115 volts, 

Cat. No. JC55832 RINCO EVAPORATOR. 
with 29/42 standard taper joint, induction motor, cord, plug 
and a special support base and rod. For use with 110/115 

Cat. No. JC55833 BASE, Special, for small evaporators, 16 inches 

Cat. No. JC55836 ROD—Support, 20 inches long x 1/2 inch di- 

Cat. No. JC55837 BRACKET, Special, permits horizontal use of 


direct in amperes. 


The Most Versatile Trouble Shooter Ever Produced! 


appliance or utility either or and will measure 

it while the unit is in operation. The reading will ohms to 5 Megohms (5,000,000 ohms). 
The appliane or utility may be plugged 
directly into the front panel receptacle. 


© Incorporates sensitive resistance range 


The New Model 70 


ity TER 


@ VOLTAGES — CURRENTS — 
RESISTANCES — LEAKAGES 

@ ALL ELECTRICAL LABORATORY 
EQUIPMENT AND MOTORS 


@ Leakage circuit will indicate all resistances from zero 


e Will measure the actual voltage and indicate whether 
the current is A.C. or D.C. 


which will accurately meas- 


Cat. No. JC55761 — comes housed in molded 
bakelite case. Complete with al! test leads and 
profusely illustrated instruction booklet 


15." 


STANDARD SCIENTIFIC 


¢ NEW YORK 3, N. CHEMICALS 


ure all resistances com- © Will test ALL MOTORS—single phase, multi-phase, uni- 
monly used in electrical ap- —_versal, squirrel cage, induction, in fact every type of motor 


pliances, motors, etc. This 
range also will enable from fractional H.P. to 2 H.P. 


continuity checks and tests 
for shorts and opens. 


e Will instantly locate opens, shorts and grounds. 


LABORATORY 
APPARATUS 
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Unretouched photographs taken during the incineration 
of S&S Ash-Free Analytical Filter Paper 
Ash at ond stoge of incineration, Crucible after completed incineration. 


S&S Ash-Free Analytical Filter Paper. 


Ask for S&S “Ash-Free” Analytical Filter Papers 


For many years S&S Ash-Free Analytical Filter 
Papers have been known for their extremely low 
ash content. They have been the choice of 
chemists who must have the most precise work- 
ing tools. 

To our knowledge, there is no filter paper with 
lower ash content on the market. In fact, ash con- 
tent of S&S Quantitative Papers is considerably 
lower than all other papers we have tested — less 


MAKE YOUR OWN TESTS 
with a 
FREE S&S SAMPLER 
Mail the coupon for a free S&S Filter 
Paper Sampler made up of many grades. 
There is no obligation. 
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And, improved S&S methods of research coupled 
with rigid quality control methods, assure mainte- 
nance of S&S low ash standards lot after lot, for 
unsurpassed precision. 

Ask your laboratory supply house for S&S Analyti- 
cal Filter Papers—the finest, most precise filter 
paper you can specify. Yet S&S quality costs no 
more. If you would like to receive a free S&S 
Filter Paper Sampler, described on this page, just 
mail the coupon below. 


Carl Schleicher & Schuell Co. 
Dept. JC-11, Keene, New Hampshire 
Gentlemen: 

Please send me, free, an S&S Filter Paper Sampler. 
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HIGH QUALITY ANALYTICAL FILTER PAPERS 


For ultra-sensitive 
fluorescence measurement 


the Coleman Electronic Photofluorometer 


The Coleman Model 12c Electronic Photofluorometer is the 
latest of a distinguished series of instruments which have 
been largely responsible for the development and wide 
utility of the science of fluorimetric analysis as it exists today. 


A precise, highly sensitive instrument for the analysis of sub- 
stances which fluoresce in solution, the Model 12c Electronic 
Photofluorometer is characterized by ease of use, stabil- 
ity and reproducibility of reading, and an extremely 
wide sensitivity range. 


Direct-reading, A.C. line-operated, employing 19 mm. 
round cuvettes requiring only 8 ml. of sample, the Model 
12c Electronic Photofluorometer provides precise analyses 
of fluorophors ranging from trace-quantities of blood 
components (steriods, porphyrins, estrogens) to vitamins in 
foods and vitamin concentrates. 


Here are a few references typical of the routine analytical 
applications of this versatile fluorescence meter: 


Foods and Food Concentrates 
’ Thiamine and Riboflavin in all varieties of foodstuffs 
from cereals and food concentrates through soft-drinks 


COLEMAN 


MAYWOOD, 


INSTRUMENTS, 
ILLINOIS @ WRITE TO DEPARTMENT B. 


and meats. A.O.A.C. Methods of Analysis, 8th Edition, 
819-826, 1955 
Tryptophan in Foods Anal. Chem. 28, 884, May, 1956 
Pharmaceuticals 
Thiamine and Riboflavin in Vitamin Preparations U. S.P. 
XV, 912-913 
Medicine and Medical Research 
Malic Acid—J. Bio. Chem. 212, 787-800 (1955) 
Estrone—J. Clin. End. & Metab. 12, 1513-1531 (1952) 
Catechol Amines—Scand. J. Clin. & Lab. Inv. 8, 288- 
295 (1956) 
Blood Prophyrins— Unpublished 
Coleman Model 12c Electronic Photofluorometer 
complete with mercury vapor lamp, voltage-regu- 
lated lamp transformer, one dozen selected cuvettes 
and operating directions, but without filters (filters 
may be selected as required)........ a .00 
All Coleman Instruments are sealed at the 
factory for your protection. 
For full description of the Coleman 
Model 12c Electronic Photofivor- 
ometer, write for Bulletin B-230. 
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Ask for your copy of Bulletin 102. 


It contains full details about these 
and other Cenco instruments for 
measuring and observing surface 
phenomena. 


The most complete line of 
scientific instruments and lob- 


@ratery supplies in the world 
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For utmost accuracy 
in the measurement 

SURFACE 

PHENOMENA 


NOUY*’ 


TENSIOMETER 


This precision apparatus provides for the 
determination of both surface and inter- 
facial tensions by the ring method. Com- 
plete determinations can be made in a 
matter of minutes. Readings are direct 
from the scale, reproducible to within 
+0.05 dyne. (See ASTM D971-50.) 


No. 70535 for measurement of upward interfacial and surface 
tensions, complete with platinum ring and metal carrying case, each $295.00 


No. 70545 (illustrated) for measurement of forces required to 
break interfacial and surface tensions by both upward and 
downward movement of ring, complete with platinum ring 


and metal carrying case, each $425.00 


CENCO® 
HYDROPHIL 
BALANCE 


This device was designed and de- 
veloped for determining the 
area of monomolecular 
ae films floating upon 
the water by measurement of 
the film pressure. Such measure- 
$435.00 
“i ments reveal oxidation, development 
of polar molecules and other characteristics of oils and film forming 
liquids. Approximate tray size, 65 x 14 x 1.5 c/m. 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory—1718-Elirving Park Road « Chicago 13, Illinois 
Branches and Warehouses—Mountainside, N. J. e Boston e Birmingham 

Central oy of Clara e Los Angeles 

Refinery Supply Company—Tulsa « Houston 

Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver « Ottawa 
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» “When visiting the Ainsworth plant . 
I discovered many of the reasons why L T 
Ainsworth balances are of such 

high quality...why so many of my ; 
customers prefer Ainsworth. 


“Over the last few 
generations Ainsworth has 
oe accumulated a lot of 
‘know-how’ and tools for 
¥ making balance parts and 
‘putting them together 
right. Take all of these 
tiny parts, for example... 
each was designed, made 
and finished in the 

, Ainsworth plant by skilled 
‘craftsmen. who really 

i. take pride in their work... 
and this Ainsworth 
experience and skill results 
: in each little part doing 

“4; its particular job better, 
aa) giving you a better balance. 
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,you more information about MI. W & SONS, JIN 
_Aimsworth proved and im- OL U en 
proved balances and weights. : 
@ or write for catalog 
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HOW GOOD IS YOUR 
KNOWLEDGE OF BF,? 


See whether you can match up the processes “carried 
through” by this versatile and efficient catalyst 

with the various products of these reactions. If you 
need additional information, mail the coupon below. 


BAKER & ADAMSON offers Boron Trifluoride gas and 
a wide range of Boron Trifluoride complexes. These 
catalysts offer many important advantages to the 
chemical engineer and process designer. Generally 
speaking, you gain these benefits: 


e Wider operating temperature ranges 
e Increased yields 
e Easier separations with no bulky sludges 
e Improved properties of end products 
® More reactions carried to completion 
e Fewer undesirable waste materials 
e Greater catalytic activity from 
smaller quantities 
@ More easily controlled reactions 


For detailed information, mail coupon today 
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POLYMERIZATION 
ALKYLATION 
ACYLATION 
ESTERIFICATION 
ARYLATION 
ISOMERIZATION 


HYDRATION 


DEHYDRATION 
NITRATION 
SULFONATION 
HALOGENATION 


(There are more!) 


BAKER & ADAMSON® Fine Chemicals G- 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. I} 

O Please send general information on properties and use 
of Boron Trifluoride gas ( ),.____complex ( ). 

0 Please send information on Boron Trifluoride for the 
following application: 


City. Zone. Sta’ 
JCE-11 


I 
Phenol Alkylates Non-lonic Detergents 
T 
Synthetic Rubber Plastics 
| 
Resins Plasticizers 
| 
| 
Solvents 
: 
* 
a H | 
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PROGRESS IN 


CHROMATOGRAPHY 5 


ANALYSIS BY THE WEISZ “RING-OVEN” TECHNIQUE 


In this brief monograph we are stepping outside 
the limits of the series to discuss an entirely new 
microanalytical technique which is not basically 
chromatographic. Unlike chromatography, the 
Weisz “Ring-Oven” method of estimating in- 
organic substances is independent of the rate at 
which ions migrate. On the other hand, the 
technique does involve the migration of ions in 
rather than across the plane of a filter paper; it 
thus compares closely with chromatography. 
The apparatus — simple in design 

The Weisz “Ring-Oven” is an electrically heated 
hollow cylindrical aluminium block which sup- 
, ports the filter paper. The heat precipitates in 
a narrow ring the ions extracted from a drop of 
the test solution. The paper recommended is a 
Double Acid-Washed Paper—Whatman No. 40 
or 540— incorporating an absolute minimum of 
soluble inorganic material. 

The technique—speedy and precise 

It has been shown that as many as 14 ions from a 
single drop (1.5 t2l)of test solution placed in the 


centre of the filter paper can be resolved and 


identified in about 15 minutes. Only a few 
simple operations are required :—{i) gaseous H,S 
is drawn through the drop on the filter paper 


to precipitate certain of the ions as insoluble sul- 
phides (ii) in the “Ring-Oven” the spot is washed 
with solvent to extract soluble ions into a sharply 
defined ring zone (iii) after drying, the central 
spot is punched out, suitably treated to redis- 
solve the precipitated ions and then transferred 
to the centres of first one, then another filter 
paper for further solvent extractions. To identify 
the ions the discs are cut into segments and 
treated with appropriate reagents to give 
characteristic coloured arcs. For some ions 
quantitative methods are applicable. 

Wide scope for microanalysis 

The Weisz “Ring-Ovey” Technique is being 
used for investigating the composition of cera- 
mics, bronzes and pigments from paints. It is also 
used for assaying precious metal specimens and 
determining trace metals in organic materials or 
in biological specimens. Although the technique 
has mostly been applied to the analysis of inor- 
ganic substances in dilute solution, there seems 
no reason why, with judicious choice of solvents, 
reagents and filter papers, it could not be used 
for organic substances as well. It has also been 
adapted for the extraction of minute quantities 
of solid test material. 


For further information on the application of the 
Weisz “Ring-Oven” Technique write to— 


In Canada, Mezico, United States 
H. REEVE ANGEL § CO. INC. 
52 Duane St. New York 7, N. Y. 


In Europe, Asia, and rest of world 
H. REEVE ANGEL ¢ CO. LTD. 
9 Bridewell Place London EC 4. 


WHATMAN FILTER PAPERS 
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DEMONSTRATION ABSTRACTS 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N. 


5s- THE STATES OF MATTER. 
SOLUTIONS. ATOMIC AND 
MOLECULAR WEIGHTS. 


(Continued from October) 


F. DETERMINATION OF MOLECULAR WEIGHTS 

From indirect weighing of a gas (Dumas method) (Continued) 

5-82s (c) From KCIO;. Use three 5-grain KCIO; druggist’s 
tablets to obviate weighing. (Sruuu, D. R., 17, 598 (1940). 
Discussion of errors in this determination. (EcKE.s, C. §., 
13, 38 (1936).) Place a plug of glass-wool near the exit 
tube to catch any MnO, carried over with the Oo. (Man- 
LER, J. I., 16, 518 (1939).) Atyga: glass wool good, if im- 
press student to insert it loosely; also, KC] not MnO, 
passes over. 


Carbon dioxide. Ten g. MgCO; heated in a test tube 
generates water + 1500 ml. of CO.; pass through CaCl, to 
remove the water, then into a 3-liter flask of air: this forces 
1500 ml. of air into a second 3- liter flask of water; this 


From the loss in weight of the tube (= wt. of CO.) and the 
gain in weight of the beaker (=vol. of CO.) the mol. wt. 
of CO, can be calculated. (Parker, D., and Urmston, R., 
14, 87 (1937).) AtyEa: why not eliminate the flask of air 
and one flask of water? 

From the volume of vapor from a liquid (Victor Meyer method) 

5-84s Apparatus. (a) Inexpensive equipment. (Srons, I., 9, 
755 (1932), from Chemist-Analyst 21, 16 (1932); PALMER 
H. C., 13, 95 (1936) from Sch. Sci. Rev. 16, 559 (1935).) 

(b) Measuring volume of gas. Most devices use a buret; 
one author uses a graduated tube open at the bottom 
and immersed in water. (BLANK, E. W., 8, 546 (1931) and 
10, 505 (1933).) 

(c) Devices for breaking ampoule. See articles for dia- 
grams. (1) Neck of bulb in bore of stopcock, which is 
turned. (Buank, E. W., loc. cit.; Cartiste, M. T., 6, 622 
(1929).) (2) Breaker attachments held in a stopper at the 
top of the Victor Meyer tube. (Ronzio, A. R., and 
Gagos, K. A., 9, 1827 (1932); Drerz, A., 9, 2096 (1932); 
Werks, L. F., 10, 372 (1933); Gorpon, H. B., 11, 478 
(1934). (3) A very simple device consists in having the 
tip of the ampoule pushed into the melted end of a glass 
rod, and the rod in a 1-hole stopper at the top of the Victor 
Meyer tube; lateral pressure breaks the ampoule. (Hun- 
TER, D., and Guss, L. S., 17, 496 (1940).) (4) To prevent 
sudden rush of gas upon breaking the ampoule, only a bent 
capillary neck of the ampoule is broken. (HENpEL, J. M., 
and OcHSENREITER, O., 17, 533 (1940); Evans, W. V., and 
CassaRETTO, F. P., 25, 348 (1948).) (5) A glass rod pro- 
jecting from the side-arm drops the ampoule. (Coss, J. A., 
11, 628 (1934). (6) A vial rests on sand at the bottom of 
the Victor Meyer tube. (Bank, E. W., 8, 546 (1931).) 

(d) Other devices. (1) Vaporizing at room temperature. 
(Linuorst, E. F., 6, 1822 (1929), abstracted from J. Amer. 
Chem. Soc., 51, 1165 (1929).) (2) Avoiding temperature 
differences. (Hicxs-Bruun, M. M., 8, 978 (1931), ab- 
stracted from Bur. Standards J. Research, 5, 575 (1930).) 

5-85s Micro-apparatus for Victor Meyer method. See articles for 
diagrams. (a) (Buanx, E. W., and Wituakgp, M. L., 9, 
1819 (1932); Nrepert, J. B., Trautz, O. R., and PLENts, 

A. A., 14, 148 (1937), abstracted from Ind. Eng. Chem., 8, 
252 (1936).) (b) The eudiometer tube, attached to a scale, 

is a 6 mm. tubing with levelling bulb; the upper chamber 

is the neck of a volumetric flask closed with a ground-glass 

- stopper; the ampoule is supported on a capsule containing — 
‘San iron wire; the capsule can be pulled into a side-arm by ™ 
a magnet, letting the ampoule fall. A determination can 

be made in ten minutes. See diagram in article. (Mors, 


5-86s 


J. H., Conxuin, J. R., and Sommernatrer, W. O., 19, 393 
(1942).) 

Unknowns suitable for Victor Meyer method. Instead of 
issuing pure substances issue various mixtures of ethyl 
ether + chloroform for student determinations. (Crock- 
ForD, H. D., 27, 126 (1950).) 


From the pressure of a vapor from a liquid (Lumsden method) 


5-87s 


(a) Volatilize a known weight of liquid inside of a pressure 
flask, and record pressure generated at fixed voulme. See 
diagram of apparatus which obviates any preliminary run 
of known standard as required in the standard Lumsden 
apparatus. (Sremsacu, O. F., 22, 22 (1945).) 

(b) Evacuate a large flask; introduce through a serum- 
bottle stopper an exact amount of liquid from a hypodermic 
needle: the liquid vaporizes; read pressure increase on a 
large-bore Hg-manometer. (Espernarpt, W. H., 27, 248 
(1950).) 

For other measurements of vapor pressure see Dem. 5-24s 
and 5-25s. 


From boiling point elevation 
forces 1500 ml. of water into a beaker, where it is weighed. 5-88s A simple apparatus. A very simple Cottrell pump for 


5-89s 


5-90s 


5-91s 


measuring b.p. elevation follows. A thin bulb is blown on 
6 mm. tubing, cut off, and the flared end fire-polished; 3” 

from this a 30° bend is made, and the tube cut off at the 
middle of the bend. The pump is plaeed in a test tube of 
solution with the flared end down; it acts as a Cottrell 
pump, refluxing liquid against the thermometer bulb which 
is placed just above the solution. Use 15 ml. (23.92 g.) of 
CCl, + 3g. of solute. With CCl, used as solvent, molal 
elevation is 5.03 at 760 mm., with 0.0013° correction per 
mm. difference from 760 mm. Some solutes include 
naphthalene, mol. wt. 128.06; camphor, 152.13; p-di- 
brombenzene, 235.86; p-dichlorobenzene, 146.95; and 
benzoic acid, 244.10. (Hoyt, C. S.,24, 563 (1947).) 
I have used this satisfactorily in my undergraduate 
laboratory for ten years. 


Other Cottrell pump designs. See original articles for dia- 
grams. (SwieTostawskI, W., 5, 469 (1928); Ross, A., 
and Bruincer, L. D., 7, 2715 (1930); Davis, H. L., 10, 47 
(1933); Gorpon, H. B., 10, 489 (1933); Banurpt, W., 11, 
430 (1934), abstracted from Z. phys. chem. Unterricht, 47, 9 
(1934).); CHANDLER, E. E., 15, 166 (1938); Jackson, V. T., 
17, 472 (1940); and Srernsacu, O. F., and Consery, G. F., 
21, 535 (1944).) One design has a side-arm which the 
boiling vapor reaches, so that the b.p. of both solution and 
the solvent are simultaneously read. (HosHa.t, E. M., 8, 
353 (1931).) 

Semi-micro b.p. apparatus. A very simple apparatus; a 
test tube is drawn down in the middle to a diameter which 
just allows a thermometer to pass through. See article for 
diagram showing relative positions of thermometer, of 
tube in oi] bath, and of volume of unknown to be boiled; 
these specifications must be followed for successful opera- 
tion of the device. The boiling liquid refluxes, condensing 
an inch above the restriction and running back along the 
thermometer. The authors claim good results with water, 
aniline, l-amyl alcohol, ethyl acetate, isopropy! alcohol, 
CCl, n-propyl alcohol, butyl alcohol, acetic anhydride, 
brombenzene, and nitrobenzene. (Furst, A., and BoHNER, 
J. W., 22, 531 (1945).) 

Novel designs. (a) The inner tube of a Victor Meyer ap- 
paratus leads via a capillary tubing through a 3-hole rubber 
stopper into a bottle half-full of colored liquid. A tube with 
stopcock and a 8 mm. tubing 1 meter long project into the 
liquid. The outer jacket of the Victor Meyer apparatus 
has a reflux condenser at its top. See article for diagram. 
(a) Boil water in the outer jacket, and use the stopcock to 
adjust the meniscus in the 8 mm. tubing to a suitable height. 
(b) Add 100 ml. syrupy ortho-phosphoric acid to the boiling 
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water: the meniscus rises a foot. (c) Add a second 100 ml. 
portion, then a third: the meniscus rises 2 and 3 feet re- 
spectively. The inner tube of the Victor Meyer apparatus 
acts as an air-thermometer. (Cornoa, J., and Hau, H., 4, 
245 (1927).) 

(b) A U-tube is made of 7 mm. tubing, both limbs gradu- 
ated in ml., with one end closed by a glass stopper. Mer- 
cury and 2 ml. of unknown liquid fills the closed limb. Place 
the apparatus in an oil bath, and gradually raise the tem- 
perature from 30 to 200°C.: the instant of boiling is sig- 
nalled by the depression of the Hg; record the temperature 
of the oil bath at this instant. (Smimons, L. M., 24, 233 
(1947).) 


freezing point depression 


Of water. See articles for details. (a) Data for aqueous 
solutions of organic and inorganic compounds. (BAHRDT, 
W., 11, 430 (1934), abstracted from Z. phys. chem. Unter- 
richt, 47, 9 (1934).) (6) Hang a basket of ice around the 
bulb of a thermometer; lower into the solution; measure 
the f.p.; remove the basket and thermometer and weigh the 
solution. (CHANDLER, E. E., 15, 166 (1938).) (ce) 
Minimize breakage by using an air jacket made of 50 X 160 
mm tubing with walls 2.5 mm. thick. (Cassipy, H. G., 17, 
397 (1940).) (d) Determine sucrose and the association of 
resorcinol in water using an ordinary 0 to —5°C. ther- 
mometer graduated to 0.02° with readings estimated to 
0.005°C. (Mutter, J. G., and Lucasss, W. W., 17, 522 
(1940).) (e) Special design. (Pinxus, A. G., and Barron, 
B. G., 33, 138 (1956).) 


Of non-aqueous solvents. (a) Naphthalene. Melt 5 g. 
naphthalene in a test tube resting inside of another tube 
immersed in a beaker of heated water; insert a 2-hole stop- 
per carrying a stirring rod and thermometer which project 
into the molten naphthalene. Allow to cool; record tem- 
perature at which the naphthalene crystalizes to within 
0.1°C. Add 0.5 g. flowers of sulfur and repeat. Use 7.1 as 
the molal f.p. lowering for naphthalene. (Mol. wt. = 
7100/degrees lowered.) About 254-263 will be obtained, 
corresponding to Ss. (Jamss, H., 6, 556 (1929).) 

(b) Urea. Determine the lowering of f.p. of molten urea 
upon adding NaCl, KCl, KBr, KI, HgO, cane sugar, etc. 
(Scnarr, R., and Gotomseck, H., 16, 345 (1939), ab- 
stracted from Z. phys. chem. Unterricht, 51, 110 (1938).) 


osmotic pressure elevation 


A Hangar tube is sold by supply houses for use in a Kjel- 
dahl digestion; it is a test tube made of porous ceramic 
which is permeable to water but not to gelatin. If the 
Hangar tube dries out it must be soaked in water over- 
night, or placed in boiling water for an hour before using. 
Dissolve 0.5-1.0 g. gelatin, weighed to the nearest 0.005 g., 
in hot water, and dilute to 100 ml. Fill the Hangar tube to 
the neck, and insert a 1-hole stopper bearing at 10 cm. 
length of 6 mm. tubing, making sure that 1 cm. of the latter 
projects into the solution. Seal stopper with paraffin. 
Immerse at 35°C., holding temperature constant, and read 
with a cathetometer the heights of liquid inside and outside 
of the tube. Calculate osmotic pressure in dynes per cm? 
and atmospheres. From this and the composition of solu- 
tion calculate the mol. wt. of the gelatin protein (will be be- 
tween 30,000 and 70,000 depending on time of aging and 
pH). With other proteins, e.g. albumins, the results should 
be more reproducible. (Pmrerson, S., 28, 486 (J951).) 


|, From vapor pressure of solutions 


(a) A modified Ramsay-Young apparatus for measuring 
the v.p. of liquids; special advantages are claimed. 
(Dumxg, W. H., 32, 383 (1955).) 

(b) Water + an immerscible liquid is distilled; from 
the b.p. and the amount of water and organic liquid ob- 
tained the mol. wt. of the liquid can be calculated since the 
partial pressure of each is proportional to the mol fraction 
of each in the vapor. Liquids are CCl, brombenzene, n- 
butyl bromide, aniline, or nitrobenzene. (Carson, B. G., 
14, 537 (1937).) 


(c) A crucible containing 0.0746 g. KCl is placed in a 
closed container at 30 mm. pressure with a water solution of 
the unknown: in a week equilibrium is attained, with the 
v.p. of the two solutions equal. The crucibles are then 
weighed and their molarity calculated. A chart then shows 
what the v.p. of the KCl is, which is also the v.p. of the un- 
known. From this the v.p. lowering per mol of solute can 
be calculated. A student experiment; time, 2 hours. 
(Mason, C. M., and Garpner, H. M., 13, 188 (1936).) 
(d) See Dem. 5-18s. 


6s. IONIZATION 


A. CONDUCTIVITY APPARATUS 


Lamp as indicator 


6-1s 


6-2s 


One lamp bulb. Voltages from 8 to 110 a.c. or d.c. are sent 
through a lamp in series with two electrodes immersed in a 
solution: better conductivity gives brighter light. 

(a) Either electrodes or electrolyte moveable. (1) Cu wire 
with Pt wire ends are sealed in glass; test tube of electro- 
lyte raised; assembly stored in wooden thermometer case. 
(Davison, H. F., 1, 74 (1924).) (2) Two Ni wires on a 
scaffold. (Doans, H. C., 2, 487 (1925).) (3) Number 6 
soft Cu wires onring stand. (Day, J. E., and Davis, F.C., 
5, 1121 (1928).) 

(b) Pilot lamp assembly. (1) A battery of units for 
student use, each unit consisting of electrodes of nichrome 
wire fastened in a male plug, and the plug inserted in a 
pilot lamp and socket. (Heist, G. B., and Kuve, H. P., 
18, 314 (1941).) (2) Bakelite night lamp rewired in series. 
(Lapp, W. S., 29, 611 (1952).) 

(c) Multiple electrodes. (1) See(b)1. (2) Three pairs 
of 1/,” Cu rods in series with 30-watt lamp for testing 
KNO;-aq., KNO; solid versus molten, and non-aqueous 
solutions. (Cornoe, J., 5, 99 (1928).) 

(d) Special shaped electrodes. Long Cu electrodes in a 
tall cylinder, see Dem. 6-10s-b. (Arenson, 8S. B., for 
Quinn, E. L., 17, 469.(1940).) 

(e) Washable electrodes. (1) Removable. (FEHLANDT, 
P. R., 17, 495 (1940).) (2) Electrodes and electrolyte 
placed in a funnel; after use the funnel is flushed out with 
running water. (Marruck, J. A., 21, 502 (1944).) Ditto, 
with circuit painted on panel. (Weiss, L., and OpocHIN- 
sky, A., 22, 177 (1945).) (3) Two Cu-wire loops, spaced 
to give proper conductivity, wrapped around a 6 mm- 
tubing and held inside of a glass funnel by a 1-hole stopper 
inserted in the stem of the funnel. Tap-water + salt, etc., 
are measured and the solutions flushed out of the funnel. 
(Suter, H. A., and L., 32, 640 (1955); Scumuck- 
LER, J. S., and ScuEenck, R. C., 33, 506 (1956).) 

(f) Molten electrolyte. See (c), also (e) (3). 


Two bulbs. One lamp serves as a standard or comparator. 
(a) Current is sent through two solutions, so connected 
that the sum of their conductivities is registered by the 
brightness of a lamp. A second lamp is now brought to 
the same brightness. The two solutions are now mixed, 
and the change in brightness of the first lamp, caused by 
this mixing, compared with the second lamp. (Brown, 
F. E., 25, 256 (1948); also Brown, F. E., and Bicxrorp, 
W. G., 14, 384 (1937); see Dem. 6-6s-b and 6-13s. 

(b) Two 100-watt light bulbs are wired in parallel so that 
their brightness can be compared; they lead to two pairs 
of Cu-wire electrodes. (Muruusr, 8. P., 26, 317 (1949).) 


Neon bulb. A neon bulb operating on 110 volts a.c. and 
0.005 amps. shows that distilled water conducts slightly 
whereas toluene does not. A 10-watt bulb (0.1 amps.) is 
used for stronger electrolytes. (Turessen, G. W., 23, 
267 (1946); Muir, S. P., 27, 594 (1950).) 


(Continued in December issue) 
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1. At high noon we put one drop of 
something on the end of a clean 2” 
steel rod. 


2. We butt it against another such 
clean rod, pressing firmly with the 
fingers. 


3. By 12:15, our single drop has 
formed a bond of considerable 
tensile strength, 


4. And by 12:30 it is even stronger. 
(Tests show it to be over 5,000 psi.) 

The liquid in the dropper is a 
chemical invention we call East- 
man 910 Adhesive. Its major ingre- 
dient is a thin, watery liquid which 


Kodak reports on: 


how to stick fast, rapidly ... oxidation and the ills of the spirit . . . 


polymerizes as follows: 


CN CN 
OOCH; | x 


With very few exceptions, poly- 
ethylene and silicone grease among 
them, it sticks all materials together 
—like and unlike, organic and in- 
organic, metallic and non-metallic. 
Temperatures above 100 C or con- 
tinuous high humidity above 80 C 
eventually spoil the bond. 

For a one-ounce sample of Eastman 
910 Adhesive send $5 to Eastman 
Chemica! Products, Inc., Kingsport, 
Tennessee (Subsidiary of Eastman Kodak 
Company). Part of the reason for the 
price is the high attrition rate of the pro- 
duction equipment. The manufacture of 
this product can suddenly turn into the 
most awful mess you ever saw in your 
whole life. Nevertheless, the cost should 
decline some when the production 
volume rises. 


Crazy! 

During the past spring we noted a 
sharp upturn in the volume of our 
correspondence with psychiatrists. 
They all wanted to know whether 
we could supply the compound 
N,N-dimethyl-p-phenylenediamine 


_ dihydrochloride. In accordance with 


practice in the reiailing game when 
you don’t have exactly what the 
customer asks for, we replied to 
each that we would be happy to 
supply the monohydrochloride at 
$2.20 for 25 grams. This rejoinder 
got us nowhere. 

Thus rebuffed (and deservedly 
so), we dipped a little into the fast- 
breaking literature of the border- 
land between chemistry and the ills 
of the spirit. 

We learned about ceruloplasmin. 
It’s an oxidation-promoting en- 
zyme, a protein that accounts for 
most of the copper in the body. In 
Science for January 18, 1957 (125,- 
117) appeared evidence that cerulo- 
plasmin runs high in serum of schiz- 
ophrenic patients, as adduced from 
an increased rate and depth of color 
development in the in vitro reaction 


N(CHs)2 N(CH;);— * 
NH, Hy 


Here we found a region with 


This is anorher advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 


landmarks familiar indeed to any- 
one who has thought deeply about 
photographic developers. p-Phenyl- 
enediamine is parent to a numer- 
ous family of aromatic amines that 
assume color when oxidized. Stabil- 
ity is enhanced by various substitu- 
tions and in the dry crystalline state 
by conversion to some salt or other. 

If, in this case, the author chose 
to have two methyl groups on one 
of the amine nitrogens and, instead 
of one, two molecules of HCl to 
preserve his reagent on the shelf un- 
til ready for use, that was his privi- 
lege. So also is it the inalienable 
right of any neurophysiologist who 
wishes to pursue this line of labora- 
tory investigation to be able to buy 
this dihydrochloride ready made 
without bothering to add the ap- 
propriate quantity of HCI to a so- 
lution of the base or the monohy- 
drochloride. (The right may be ex- 
ercised by purchase from us of 
N,N-Dimethyl-p-phenylenediamine 
Dihydrochloride (Eastman 7423) at 
$3.05 for 25 grams.) 

And now, alongside one group 

of wise men who explain the tension 
of the times in terms of socio-eco- 
nomic forces and another group of 
wise men who watch the war be- 
tween the id, the ego, and the super- 
ego, there stands huddled in stimu- 
lating talk a new group of wise men 
who point out that the tranquilliz- 
ing chlorpromazine and Rauwolfia 
alkaloids are potent oxidase inhib- 
itors. But even they seem largely 
to agree that anybody who at this 
time would depend solely on these 
enzymatic measurements for a posi- 
tive diagnosis of schizophrenia is 
crazy. 
“Eastman Organic Chemicals, List 
No. 40” contains a long catalog of many 
substances other than ceruloplasmin for 
which we offer reagents and abstracts on 
their use. This alone is worth the space 
in your bookcase. For a copy of List No. 
40 (which also catalogs some 3600 
available compounds) write to Distilla- 
tion Products Industries, Eastman Or- 
ganic Chemicals Department, Rochester 
3, N. Y. (Division of Eastman Kodak 
Company). 


Prices quoted are subject to 
change without notice. 
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FOR YOUR INFORMATION 


» facts on food colors 
> new aerosol mold release 
» chromium chemical data books 


Facts on food colors 


What about those headlines on 
food colors? And the stories that 
some certified food colors are 
toxic? Is there anything to the 
Food and Drug Administration’s 
recent delisting of three previous- 
ly acceptable colors? 

Here are a few facts behind the 
headlines. 

The practice of coloring food is 
centuries: old. Though the early 
colors were of natural origin, they 
have been replaced in the coloring 
of many foods by superior syn- 
thetic colors — the certified “coal- 
tar” colors. The Food and Drug 
Administration has been certify- 
ing a number of these colors for 
use in food since the early 1900's. 

You’re probably aware of some 
of the foods commonly colored to- 
day: ice cream, soft drinks, baked 
goods, candies, processed cheese, 
gelatin desserts, orange skins, 
margarine, butter. 

Why then have some food 
colors been “delisted” and why 
are others being considered for 
delisting? 

The controversy centers on the 
meaning of a single word in the 
Federal Food, Drug and Cosmetic 
Act: “harmless.” 

The Food and Drug Adminis- 
tration’s definition: incapable of 
producing harm in any quantity 
or under any circumstances. 

The food color industry’s: in- 
capable of producing harm under 
normal conditions of use. 

It is the industry’s view that 
FDA animal tests of certified 
colors have made use of quantities 
of color unrelated to — and far in 
excess of— quantities normally 
ingested by humans. A newspaper 
interview quoted the Commission- 
er of Food and Drugs as saying 
that he “conceded that three coal- 
tar dyes recently banned were 
harmless as used, but explained 
that their use was [a] technical 
violation of the law as now 
worded,” 


AS36 


The absolute FDA standard 
seems to find support in the popu- 
lar tendency to regard synthetics 
as inherently inferior to natural 
products. Yet, many fresh vege- 
tables we eat every day contain 
small but tolerable quantities of 
naturally occurring poisons which, 
if judged as food colors are now 
being judged, would lead to the 
elimination of a large part of our 
vegetable diet. 

What the food color industry 
asks is an amendment to the 
present law which would clearly 
grant power to the FDA to set 
quantitative limits on the use of 
colors in food. Such limits would 
safeguard public health, permit 
maintenance of our food color 
supply, and encourage research in 
the field. 

Two articles —one supporting 
the industry’s position, the other 
detailing manufacture and quality 
confrol of food. colors — have 
been prepared by Allied’s National 
Aniline Division, the leading food 
color producer. You can get them 
by checking the coupon at right. 


Aerosol mold release 


Remember the line that went, we 
could have some ham and eggs if 
we had some, ham... and some 
eggs. Stretch your imagination a 
good deal, and it has some rele- 
vance in the business of molding. 

Low-molecular weight polyethy- 
lene is a superior mold release. 

There’s hardly a more conven- 
ient way to dispense liquids than 
with an aerosol spray. 


DIVISIONS 


Barrett 

General Chemical 
National Aniline 
Nitrogen 
Semet-Solvay 

Solvay Process 
international 


Ham and eggs: Poty-LeasE 77, 
a low-molecular weight polyethy- 
lene in a mixed solvent system, 
supplied in aerosol form. The 
spray’s push, by the way, is from 
Allied’s GENETRON propellants. 

Here’s how it works. When hot 
or cold mold cavities or other ob- 
jects are sprayed, a smooth, rela- 
tively hard film forms quickly on 
the surface. This film provides 
efficient release with a minimum 
number of spray applications, re- 
sulting in faster cycle time, reduc- 
tion of rejects and consequent 
lowering of production costs. 

Poty-LeasE 77 will be of interest 
to molders of rubber, plastics (ep- 
oxies, polyesters, phenolics, alkyd, 
urea, melamine), powdered metal. 


Chromium chemicals 
The authoritative collection of 
chromium chemical technical bul- 
letins has been published, appro- 
priately enough, by the leading 
producer of chromium chemicals. 
The books describe Allied’s 
Mutvat chromium chemicals and 
their applications in leather tan- 
ning, corrosion control, and ano- 
dizing of aluminum. 
We'd be pleased to send either 
a brochure describing 49 bulletins 
available, or the bulletins in your 
field of interest. 


Poty-Lease 77, GENETRON and Murtuvat are Allied 
Chemical trademarks 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


' ALLIED CHEMICAL 
61 Broadway, New York 6, N.Y. 
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For Low-Pressure Drying 
, Down to 1 Micron 


CHAMBER WALLS of 3/16” reinforced steel 

DUAL THERMOSTATS for close temperature regulation 
PRESSURE RELIEF VALVE for added safety 
OPERATES on 115 volts, A.C. 


Complete with Cord, Plug, and 
Thermometer (10-200° C)......... $32500 


1e 
E 77, — 
ethy- 
stem, = 
= 
rela- 
ly on 
vides Featuring 
mum 3 
S, re- 2” Thick Fiberglass Insulation 
educ- Py Radiant Heating Chromalox Elements 
erest 
s (ep- RUGGEDLY CONSTRUCTED of 
lkyd, welded steel, these ovens provide large 
etal. Cat. No. JL-1110 STANDARD SIZE capacity and close temperature regula- 
Chamber 8” wide, 8” ‘high, sit be tion. Doors seat perfectly against special 
Silicone gaskets. Radiant heating pro- 
‘of @ HERCULITE GLASS DOOR 12” thick gives full view vided by elements clamped to chamber 
bul interior alls. ith 2 bl 
© CHAMBER WALLS of reinforced steel walls. Equipped wi removable 
»pro- © OPERATES on 115 or 230 v. A.C., single phase, shelves, vacuum gauge 0” to 30” and 
eee 50/60 cycle— draws 250 watts thermostat. Grey hammertone finish — 
cals. @ TERMINAL BLOCK f y voltage change 
ied’s Plog. gem outside . . white silicone enamel 
and Thermometer (10-200° C) ........ $175 inside chamber. 
tan- 
ano- 
ither 
Chamber 12” wide, 12” high, 18” deep 
pour (Overall size: 16%" x18" x 24") 
Allied FULL 1%)” CU. FT. usable chamber space 3 
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A A a AND COMPANY 
7300 W. Montrose Ave. ° Chicago 34, Illinois 
Complete Laboratory Equipment 
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| Temperature 
Controlling 


MODEL $ THERMONITOR 


¢ +0.01°C Sensitivity e No Circuit Breaking 
¢ Dial Setting ¢ Rapid Response 
ad ; ¢ Proportionate Control e General Purpose 


a S-82050 THERMONITOR—Model S, Thermistor Actuated, 
ee Temperature Detecting and Controlling, + 0.01°C, Sargent. 
r A compact, completely electronic unit for detecting and 
controlling the temperature of laboratory baths over the 
working range of —10°C to 100°C or by substitution of a 
second Thermometric element, 100°C to 200°C with an 
Operating sensitivity of greater than +0.01°C. Three out- 
lets are provided for immersion heaters. The first outlet. is 
controlled by thermistor. The second outlet is non-regu- 
lated, accommodating power quantities up to 300 watts, 
adjusted by variable transformer. The third outlet having a 
power consumption of 500 watts, is for second base heater 
or a circulating device. Temperatures are set and repro- 
duced by adjusting dials on panel. Proportionate control 
eliminates temperature overshoot and undershoot. 
Complete with thermistor assembly, connecting cable 
and 3-wire line cord and plug. Without immersion 
heaters or circulating device. For operation from 
115 volt, 60 cycle circuits..........+..+++.$275.00 


RGENT 
THERMONITOR 


MODEL T THERMONITOR 


e +0.1°C Sensitivity e Rapid Response 
e Dial Setting e Versatility of Application 


$-82065 THERMONITOR—Model T, Thermistor Actuated, Temperature 
Detecting and Controlling, + 0.1°C, Sargent. 

A simplified model of the Thermonitor, Model S, without immersion 
heaters and circulating facilities but with two power outlets and 
controls necessary to provide a sensitivity of greater than +0.1°C in b, ,. 
the range from —10°C to 100°C or by substitution of a second Therm- ies BARGENY 
ometric element, 100°C to 200°C. TOR 

One outlet is for regulating heater which is automatically controlled 

the thermistor through a relay circuit. The second outlet is for use ap 
with an auxiliary heater or appropriate circulating device. a be 

Complete with thermistor assembly, thermistor connecting cable 
and 3-wire line cord and plug. Without immersion heaters or circu- ae 
lating device. For operation from 115 volt, 60 cycle A.C. circuits : 
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Ss ARG E N I SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS SUPPLIES CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


ur firm or Institu- 


NEW APPARATUS AND EQUIPMENT 


p A heavy, stainless steel fume hood with 
spherical corners throughout for use in 
laboratories where hazardous radioactive 
and perchloric material is involved, has 
been designed by The Warren Corp., 2901 
Brighton Rd., Pittsburgh 12, Pennsyl- 
vania, manufacturers of industrial labo- 
ratory equipment. Construction details 
are available in Bulletin 857. 


> Perfection of a hard glass—known as 
KG-33 borosilicate glass—which will serve 
as a new source of supply for the nation’s 
expanding laboratory and research re- 
quirements was recently announced by 
Kimble Glass Co., a subsidiary of Owens- 
Illinois Glass Co., Toledo, Ohio. The new 
hard glass is completely interworkable 
with other hard glass which has the same 
linear coefficient of expansion as Kimax— 
32.5 X 10-7 em/em/°C. (0.300°C). 


p> A new ozone meter for use in the labo- 
ratory or in process monitoring has been 
announced by The Welsbach Corp., 1500 
Walnut St., Philadelphia, Pennsylvania. 
Operation of the instrument is based on the 
opacity of ozone to ultraviolet light in the 
region of 2537 roms. 


> A new special light source unit employs 
a superpressure mercury are lamp that 
has a stable, constricted short are 0.3 
mm. X 0.3 mm. with high brightness. 
As the lamp is made of fused quartz, it 
provides radiation of both long and short 
wavelengths of ultraviolet as well as the 
regular mercury spectrum. Additional in- 
formation can be obtained from: George 
W. Gates & Co., Inc., Hempstead Tpke. 
and Lucille Ave., Franklin Square, L. I., 
New York. 


> A self-contained mirror galvanometer 
offering sensitivity. as high as 2000 mm. 
per microampere is now available in the 
United States, it was announced by the 
exclusive U. S. sales and service agents— 
the Jarrell-Ash Co., 25 Farwell St., New- 
tonville 60, Massachusetts. 


> Scientific Products, 1210 Leon Place, 
Evanston, Illinois, announces availability 
of a sturdy, lightweight aluminum rack for 
storing and drying of pipets, burets, flasks, 
etc. They also have a new direct reading 
I-R Moisture-Matic Balance for deter- 
mining per cent moisture automatically. 
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p> A new improved model of the Fisber- 
Todd Spectranal for rapid qualitative and 


semiquantitative work has been an- 
nounced by the Fisher Scientific Co., 309 
Fisher Building, Pittsburgh 19, Pennsyl- 
vania. 


p> Arthur H. Thomas Co., Vine St. at 
Third, Philadelphia 5, Pennsylvania, 
announces a new corrosion-resistant Chro- 
matography Cabinet, for preparing two- 
dimensional paper chromatograms by 
descending or ascending techniques. The 
cabinet and vapor-tight, hinged cover are 
of 1-in. plywood bonded to white Formica 
inside and out. 


p> The rapidly expanding field of eryogen- 
ics (the science of cold) now has a re- 
markable new tool. Linde Co., Division 
of Union Carbide Corp., 30 E. 42nd St., 
New York 17, N.Y., announces a portable 
liquid nitrogen refrigerator for laboratory 
and practical use in science and industry. 


(Continued on page A540) 
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learning the secrets of the Hoart 


‘ secrets of what occurs in the human heart while working are slowly un- 


veiled by a new development in medical science — the heart catheter. 

A thin Tygon plastic tube is inserted into a vein in the arm and carefully threaded 
through the vein until it actually enters the heart cavities. The internal sounds 
of the heart can be studied, samples of the blood in the heart, as it enters the 
heart, or as it leaves the heart can be analyzed. 

Why was Tygon Plastic Tubing selected for this task? Because this versatile plastic 
can be formulated to possess the unique combination of needed properties: flex- 
ibility, excellent sound conductivity, sterilizability, and freedom from any toxic 
reaction in contact with human tissue. 
Wherever the need is critical, you'll find that one of the many formulations of 


How Can TYGON serve you? 


May we send you a copy of our new- 
est bulletin on Tygon? It describes in 
detail the many formulations, their 
properties and uses. Free on request. 
Write Dept. BW557, U. S$. Stoneware, 
Akron 9, Ohio. 


Tygon plastic has been developed to fit 
that need. In medicine, in food handling, 
in research, and in industry Tygon 
matches specific requirements with 
specific performance. 


PLASTICS & SYNTHETICS DIVISION 


U. S. STO 


AKRON 9, OHIO 
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In addition to Ace Fabricated Standard 
Glassware Products, Ace offers an 
abundance of Outstanding Related 
Products. It will pay you well to first 
check with Ace. 

Ace also specializes in custom-fabri- 
cating glassware to your specifications. 
Our Research Staff and 


always at your service to 


aid in Glassware Research 
Problems. 


OUT OF THE 


Edtter's Gasket 


> A new liquid phosphor scintillation 
counter for carbon-14 is offered by NR)D 
Instrument Co., St. Louis 19, Missow:i, 
subsidiary of Nuclear Corp. of Americ,. 
Known as Model DR-11, this new instr:- 
ment gives counting efficiency up to 80°;, 
without the need for refrigeration. 


> Recent design additions to the Norel:-o 
Autrometer, multi-indexing X-ray Spec- 
trograph, have extended the range of thie 
instrument to include 81 elements in tlie 
atomic scale, from magnesium (#12) io 
uranium (#92), according to an announce- 
ment by the Instruments Division, Phili))s 
Electronics, Inc., 750 So. Fulton Ave., 
Mount Vernon, New York. 


> A smoke point lamp equipped with a 
chimney calibrated in millimeters can he 
used directly for determining the smoke 
point of hydrocarbon fuels. Central Sci- 
entific Co., 1700 Irving Park Rd., Chicago 
13, Illinois, will furnish further informa- 
tion on request. 


ij 


Blue M. Electric Ovens, Photographic records of microscopical 
Blue M. Portable Cooling Unit Furnaces, Humidity Ch pr Pp . »p 
Relative Humidity Cabinet / Cooling in black white or 
an color with the low cost attachment re- 


Equipment 
Air Pressure 
Regulators 


Pushomatic 
Quick / 
Couplings 


/ Fisher 


Castaloy Products 
and Flexaframes 


cently introduced by the National In- 
strument Co., 2701 Rockwood Ave., 
Baltimore 15, Maryland. It may be 
used with any standard monocular, bi- 
nocular, or stereoscopic microscope. 


p> A portable, low cost Scaler-Ratemeter, 
that takes up only '/, the area of con- 
ventional units and provides highly ac- 
curate measurements for nuclear labs, 
medical isotope studies, and atomic sci- 
ence training programs, is now available 
from Nucleonic Corp. of America, 196 
Degraw St., Brooklyn 31, New York. 


p> The new Stokes Model TP-3 portable 
indicating electrical vacuum gauge ac- 
curately measures pressures from 1 to 1000 
microns. It is one of three new Stokes 
electrical vacuum gauges, available in 
both indicating and recording models, 
just introduced by the Vacuum Equip- 
ment Division of F. J. Stokes Corp., 5500 
Tabor Rd., Philadelphia 20, Pennsy!- 
vania. 


> Tracerlab announces its SC-55 Chro- 
matogram Scanner used in automatically 
scanning chromatogram strips. The in- 
strument is used with techniques that 
locate and measure quantitatively, vari- 
ous radioactive constituents of a mate- 
rial which has been separated by the 
chromatographic method. 

Complete information on the Scanner 
and component units is available from the 
Technical Publications Dept., Tracer- 
lab, Ine, 1601 Trapelo Road, Waltham 
54, Massachusetts. Write for Bulletin 
#84. 


> A phase of chemical instrumentation 
comes to maturity with the new advanced 
Flame Photometer for sodium, potas- 
sium, and lithium. Write Advanced In- 
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struments, Inc., 21 Oakcrest Road, Need- 
ham, Massachusetts, for additional in- 
formation. 


p The ‘d/M-Gauge”’ is a new, com- 
pletely portable field instrument recently 
announced by Nuclear-Chicago Corp., 
229 W. Erie St., Chicago 10, Illinois, for 
rapidly measuring moisture content or 
density in a wide range of organic and in- 
organic materials. 


p Industrial Instruments, announces a 
new line of compact conductivity cells 
for solution measurements. Designated as 
Type CEL-VNH, these cells are made of 
chemical and heat-stable plastic and can 
be supplied with or without one inch NPT 
Fittings. Many electrode materials are 
available, and cell constants range from 
5 to 50. The cells can be provided with 
built-in automatic temperature compen- 
sators. Electrodes are flush and tend to 
be self-cleaning. For additional informa- 
tion write to Industrial Instruments, Inc., 
89 Commerce Rd., Cedar Grove, New 
Jersey. 


p>» A new source of heat for laboratory 
use, the Electrothermal Bunsen, is now 
available from Standard Scientific Sup- 
ply Corp. The unit operates on 110 volt, 
50/60 cycle AC and has an element tem- 
perature range of 800° to 1000°C. The 
Electrothermal Bunsen may be used 
instead of the gas Bunsen. Complete 
details may be had by writing the dis- 
tributor, Standard Scientific Supply Corp., 
808 Broadway, New York 3, N. Y. 


@ In a 28-page Bulletin SN giving com- 
plete coverage to the selection of nuclear 
laboratory equipment, Tracerlab, Inc., 
1601 Trapelo Rd., Waltham 54, Massa- 
chusetts, pictures a complete line of count- 
ing, sample preparation, personnel pro- 
tection and survey, “hot lab’’ and storage 
equipment as well as complete reference 
standards. 


@A data sheet, No. 560, describing the 
new Stokes line of electrical vacuum gauges 
for continuous and consistently accurate 
measurement of very low absolute pres- 
sure has just been published by the 
Vacuum Equipment Division of F. J. 
Stokes Corp., 5500 Tabor Rd., Philadel- 
phia 20, Pennsylvania. 


@ For copies of a data sheet describing 
new model Five-in-One Plug-in Control 
Unit with circuit breaker instead of fuse, 
write to Arthur S. LaPine and Co., 6001 
So. Knox Ave., Chicago 29, Illinois. 


@ Fred S. Carver, Inc., Chatham and 
River Rds., Summit, New Jersey, has a 
new brochure on their hydraulic equip- 
ment. Of particular interest to chemists 
is a laboratory press for general research. 


@ Volk Radio-Chemical Co., 5412 No. 
Clark St., Chicago 40, Illinois, offers a new 
catalogue of S-35 and P-32 radio chemicals. 


@ Remington Rand Univac, 315 Fourth 
Ave., New York 10, N. Y., offers a 79-page 
manual describing the features of the new 
Univae II Data Automation System. 


(Continued on page A542) 
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Cut GLASS TUBING AND BOTTLES 
with the Welch HOT-WIRE CUTTER 
Obtain NEAT, QUICK, CLEAN, STRAIGHT BREAKS 


@ Cuts Pyrex Brand Glass or Soft Glass 

@ Adjustable heating current 

@ Step-by-step instructions on top 

@ Wire ts readily replaceable, extra wires included 


Glass tubing bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease. The article 
is first encircled with a scratch made by a cutter 
wheel conveniently mounted on the side of the trans- 
former, the scratch is heated by contact with the 
hot wire, and then cooled quickly by applying water 
or by blowing on it. No other equipment is required. 

The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24(B &S gauge) , 
nichrome wire is used and is easily replaced. Three & 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4!/2 x 9 inches high. 


Each, $29.50 
W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
———ESTABLISHED 1880———— 
1515 SEDGWICK STREET, DEPT. D-1, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


(ALGON is a tough, versatile that meets virtually every lab 
requirement... has all the properties necessary for success in modern 
Pertect flexibility for greater speed: of.operation . . glass- 
1 é gréncy and excellent dimensional stability for ‘better 
Control . . . non-toxic with high chemical re: 
Rnd it's too! Less than 15c per ft. for 
4” ID with 1/16” walls. All sizes from 1/8” through 
2” ID. Ask your dealer for catalog F-957. 
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@ The Coffee Brewing Institute, Inc., 551 
Fifth Ave., New York 17, N. Y., announces 
availability of Publication No. 23, A 
Survey of World Literature on Coffee. 


@ The Arthur F. Smith Co., 311 Alexander 
St., Rochester 4, New York, manufacturer 
of high vacuum molecular stills and related 
laboratory supplies, has issued a handsome 
16-page folder outlining the development 
of the high vacuum still. 


@ A new pocket-size booklet describing 
polyethylene film and outlining its appli- 
cations on the farm and in the home has 
been issued by the Durethene Dept., 
Chemical Division, Koppers Co., Inc., 
1450 Koppers Building, Pittsburgh 19, 
Pennsylvania. Entitled Durethene Poly- 
ethylene Film for Farm and Home Use, the 
booklet enumerates the properties of poly- 
ethylene film and gives tips on methods 
for cutting, taping, stitching, sealing, 
grommeting, and repairing in various uses. 


@ Mann Assayed Biochemicals for Re- 
search gives a description of the services 
and compounds available from Mann 
Research Laboratories, Inc., 136 Liberty 
St., New York 6, N. Y. 


@ Non-Woven Fabrics is the title of a book- 
let now available from the Public Rela- 
tions office of E. I. du Pont de Nemours, 
350 Fifth Ave., New York 1, N. Y. 


@ A new booklet entitled Product Research 
and Development has been published by 
the Franklin Institute Laboratories, Phila- 
delphia, describing services offered by the 
Laboratories in this field. Copies of the 
booklet are available from the Manager, 
Information Services Dept., Franklin 
Institute Laboratories, 20th and Parkway, 
Philadelphia 3, Pennsylvania. 


e@ A new bulletin which describes a quick, 
easy method for making transparencies for 
overhead projectors from all types of 
original materials—transparent, opaque, 
two-sided, or bound—is now available 
from the Ozalid Division of General 
Aniline and Film Corp., Johnson City, 
New York. 


@ What's New with Lithium is a newsletter 
now being published by the American 
Lithium Institute and may be obtained 
from their offices, 32 Nassau St., Box 549, 
Princeton, New Jersey. 


@ Precision Equipment Co., 3666 Mil- 
waukee Ave., Chicago 41, Illinois, has a 
convenient table of Conversion Factors, 
available on request. 


@ The American Ceramic Society’s Edu- 
cation Committee has revised its brochure, 
Explore the World of Ceramics, which pre- 
sents ceramic engineering as a key pro- 
fession. Single copies are available from 
the Society, 4055 No. High St., Columbus 
14, Ohio. 

@ Samples, technical data sheets and 


other information on chromyl chloride 
may be obtained by writing to Mutual 


(Continued on page A543) 


the most modern 
package of weight 
sets ever offered 
Every lab can now have their weights ina = 
shrink-proof, reinforced plastic, hinge-covered 
case. 


WEIGHT SETS 


for complete 
information write for 
FREE bulletin ...... 


AVAILABLE IN BUREAU OF STANDARDS 4 
CLASSES C- 


Q-P 


1050 COMMERCE AVE. 
UNION. NEW JERSEY Sem 


NEW! 


EDITION 
DISCOVERY 
Of the 
ELEMENTS 


by 
Mary 
Elvira 
Weeks 
COMPLETELY REVISED and RE- 
WRITTEN! 
Brought up-to-date to include 
all the exciting new discoveries 
of the past decade... the 
author has re-written every 
chapter, stressing the signifi- 
cance of early discoveries in 
terms of what we know today 
and incorporating all the new 
factual and anecdotal material 
that has come to light. 


SPECIAL CHAPTER ON ELE- 

MENTS DISCOVERED ATOMIC 

BOMBARDMENT By Henry M. 
Leicester, Ph.D. 


328 PAGES LONGER THAN FIFTH 

EDITION! Packed to the covers 
with fascinating and enter- 
taining new material. 


GREATER READABILITY! Com- 
pletely new format and type 
style have been employed to 
assure easy-to-read legibility 
throughout. 


TEACHER, STUDENT OR SEA- 
SONED CHEMIST, reading for en- 
joyment only, will find Dis- 
covery of the Elements an un- 
usual treat. Rarely has so 
much instructive information 
been presented in such delight- 
fully entertaining fashion! 
920 pages $10.00 postpaid 
ORDER YOUR COPY TODAY 
CHEMICAL EDUCATION 


PUBLISHING CO. 
EASTON, PA. 
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maintenance-free 


LABORATORY PLUMBING 
_-{} Threaded Vulcathene Coupling 


cx Polyfused Socket Weld 
{10 second process) 


Repair costs on 
lab plumbing can 
be eliminated by 
installing complete 
VULCATHENE waste 
and drainage 
systems. There 
has been no 
reported instance 
of corrosion or 


systems since 

its introduction 

4 years ago. 

of maintenance-free 

long life. 
Low first costs, too! 
easy to install .. . all initial 
costs are remarkably low. 

Today some of the largest @4 
chemical manufacturers are i 
specifying VULCATHENE for 
example, as the Dow Chemical 
Company and the General 
Electric Company. 

‘information about VULCATHENE 
and methods of installation. 
WRITE FOR BULLETIN NO. 2 


Here is assurance 
VULCATHENE is inexpensive . 
their labs: such names, for 
We invite your request for detailed 


Vulcathene 


SOUTH GOODMAN ST. ROCHESTER 2, NEW YORK 
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Chromium Chemicals, Allied Chemical & 
Dye Corp., Baltimore 31, Maryland. 


@ A new folder gives details on two basic 
types of fast-reading metal-probe ther- 
mometers and shows the various con- 
figurations in which they are available. 
Contact the Royco Instruments Co., 722 
Arthur St., Albany, California, for a copy. 


* Mellon Institute Science Lectures— 
These lectures by distinguished scientists, 
which will be delivered in the Institute’s 
auditorium at 2:00 p.m. on the dates 
designated, will be open to members of the 
Institute and to invited persons of the 
Pittsburgh district. 

1957, Monday, 25 November: “Con- 
ductance as a Research Tool’”’—Dr. 
Raymond M. Fuoss, Sterling Professor of 
Chemistry, Yale University. Wednesday, 
18 December: “The Microstructure of 
Metals and Other Polycrystalline Bodies”’ 
—Dr. Cyril S. Smith, Professor of Metal- 
lurgy, Institute for the Study of Metals, 
University of Chicago. 1958, Monday, 
27 January: “Utilization of Solar En- 
ergy’—Dr. Farrington Daniels, Chair- 
man, Department of Chemistry, Uni- 
versity of Wisconsin. Wednesday, 19 
February: “Strain Energies in Mole- 
cules’—Dr. Kenneth S. Pitzer, Dean, 
College of Chemistry, University of 
California. Wednesday, 19 March: 
“Proximity Effects in Organic Chemis- 
try’—Dr. Arthur C. Cope, Professor and 
Head, Department of Chemistry, Massa- 
chusetts Institute of Technology. 
Wednesday, 16 April: “Radiation-In- 
duced Chemical Changes in Carbohy- 
drates’”’—Dr. Melville L. Wolfrom, Pro- 
fessor of Chemistry, The Ohio State 
University. Friday, 9 May: ‘“Perspec- 
tives on Atoms, Bonds, and Crystals’”— 
Dr. William O. Baker, Vice President— 
Research, Bell Telephone Laboratories. 


% Organic Electronic Spectral Data, 
Inc., 11011 Childs St., Silver Spring, 
Maryland, has announced receipt of a 
$1000 contribution from Beckman Instru- 
ments, Inc., to help underwrite prepara- 
tion of the most comprehensive collection 
of ultraviolet spectral data ever attempted. 
It may include descriptions of as many as 
50,000 ultraviolet absorption spectra of 
organic compounds. Purpose of the proj- 
ect is to make available in one definitive 
reference a majority of such data pub- 
lished since the onset of the photoelectric 
era. 

Forty scientists from government, in- 
dustry, and universities are cooperating 
in the venture and the material is being 
abstracted from 65 journals in 8 languages. 
A few additional abstractors are needed. 
Anyone desiring to assist in the project is 
urged to contact Dr. M. J. Kamlet. 


% 8S. J. Rosenberg and Carolyn R. Irish 
of the National Bureau of Standards’ 
thermal metallurgical laboratory have ex- 
perimentally produced an ultra high- 
strength steel that can be heat treated to a 
strength of 285,000 psi with sufficient duc- 
tility for structural applications. Pro- 
duced by a normal melting and working 
process, it should not be difficult to manu- 
facture. 


New furniture—/n school and industrial 
laboratories across the country, Colorlith 
° adds new appeal to lab work. 


Gives new personality 
to hard-working labs— 


SM 


tough, handsome, colorful 
asbestos-cement sheets 


Now Colorlith — Johns-Manville’s 
workable, man-made stone—offers an 
attractive, modern atmosphere to every 
lab. 

Made of asbestos and cement, this 
tough, smooth-surfaced material resists 
chemicals, heat, and abrasion. And 
Colorlith resists years of strenuous serv- 
ice—even on such tough jobs as reagent 
shelves and fume hoods. 

Colorlith—in Charcoal Gray, Cameo 
Brown, and Surf Green, is available on 
new furniture through your furniture 
supplier—or for furniture resurfacing 
through your fabricator and installer. 
For a list of suppliers and information 
on Colorlith, write Johns-Manville, 
Box 14, New York 16, N. Y. 5j 


In Canada, Port Credit, 
Ontario. 


[ 


Resurface your present furniture with 
® Colorlith. Large 4’ x 8’ sheets—as thin as 
¥%4"”—can be installed at low cost. 
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Welch Sparkless ELECTRIC STIRRER 


with NON-SPARKING INDUCTION TYPE MOTOR 
provides maximum safety 


Stabilizing Watt-Type Governor 


Speed Adjustable from 200 to 1400 
Revolutions Per Minute - - 


Ideal for General Purpose 
Latoratery Use 


Reduces Explosion Hazard 

The induction t; motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, will not burn out 


Long Life 
ses ends of the motor shaft are equipped with ball 


if stalled by overloading. gs properly designed to carry the necessary axial 
pon enh thrusts when the stirrer is operated vertically 
Governor-controlled or at an angle. Lubrication is required very infre- 


quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
is permanently lubricated. The control surfaces in the 
governor are made of materials which show negligible 
wear even after long service. 

The lower end of the shaft carries an adjustable 
check which takes any size shank up to '/, inch. The 


Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
- the top of the shaft. A locknut for this adjustment 

rovided. A Watt-type governor incorporated 
wit in the motor housing stabilizes the speed. It oper- 
ates such that any decrease in speed caused by addi- 
tional viscous drag in the fluid causes the governor 


weights to move inward, thus reducing friction between 
the control surfaces and automatically increasing the 
net torque exerted. The speed of the stirrer therefore 
remains relatively constant under the moderate load 


stirrer is supported by means of a 13-mm. rod, 20 em. 
long, threaded into Fw side of the housing. The 
opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in elec- 


fluctuations usually encountered. trolytic work or for grounding the motor housing. 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
own transformer to permit operation on 230 
Each $64.50 


5230 ELECTRIC STIRRER, Sparkless. 
Complete with 6-foot connecting cord, line switch 
re; plug. For operation on 50 or 60 cycles, 115 volts | a step-d 
A.C. Each $54.75 | volts 50 or 60 cycles A.C. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
STASLIS HED 


1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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e e SCIENTIFIC GLASSBLOWING 
By E. L. WHEELER, University of California, Los Angeles. 

An outstanding “‘how to” book by a veteran glass blower who came from a commercial glass 
shop to cooperate with scientific research workers, and to teach courses at Johns Hopkins 
University and Medical School, University of California, and for the Atomic Energy Com- 
mission. 

Describes basic and advanced glass blowing, and also associated skills such as coating glass 
with thin metal films, purification of mercury, and basic workshop practice. Also describes 


apparatus for fractional distillation, and high-vacuum technique. 
1957. Approx. 490 pages, approx. 290 illus., 59 tables. 


Approx. $10.00 


e e e e e e THE CHEMISTRY OF NATURAL PRODUCTS. A 
Series of Texts on the Constitution of Natural Products. 


Edited by K. W. BENTLEY, University of Aberdeen, Scotland. 
Volume I: THE ALKALOIDS by K. W. BENTLEY 


This new series on the constitution of naturally occurring organic substances aims to present 
clear, reasonably detailed surveys for students and other organic chemists who do not need, or 
wish to obtain the high-priced monographs. 

The syntheses, and the degradative routes leading to structure determination are explained 
and illustrated by a profuse use of formulas, which occupy every right-hand page throughout 
the book. 7957. 245 pages. $400 


e e e e e eLABORATORY MANUAL OF BATCH DISTILLATION 


By F. J. ZUIDERWEG, Koninklijke/Shell-Laboratorium, Amsterdam. 


A concise account for the laboratory chemist of the principles of batch distillation, and of the 
methods used in the Royal Dutch/Shell Laboratories. 
1957. 134 pages, 37 illus., 8 tables. $3.50 


e e e e e VOLUMETRIC ANALYSIS 
Second English edition, entirely revised and enlarged. In 3 volumes. 


Volume III: TITRATION METHODS: Oxidation-Reduction 
Reactions. 
By I. M. KOLTHOFF, University of Minnesota, Minneapolis, and R. BEL- 
CHER, University of Birmingham, England. With the cooperation of V. A. 
STENGER, The Dow Chemical Co., and G. MATSUYAMA, Union Gil Com- 
pany of California. 
With this third volume the familiar “Kolthoff” is now complete. Explains the principles 
and the details of operation in applying a very wide variety of oxidants and reductants in 
organic and inorganic volumetric analyses. 


1957. 724 pages, 20 illus., 41 tables. $15.00 


e e e e e e TRACER APPLICATIONS FOR THE STUDY OF 
ORGANIC REACTIONS 


By JOHN G. BURR, JR., Atomics Jnternational-North American Aviation, Inc. 


Isotopic tracer technique is known to be of enormous importance in biology; it is not less so 
in organic chemistry, but the literature on it has hitherto been sparse and unorganized. This 
book performs a great service to organic chemists by describing the technique and presenting 
the many results that have already been obtained. 1957. 301 pages, 11 tables. $7.50 


INTERSCIENCE PUBLISHERS, INC. 250 Fifth Avenue, New York 1, N. Y. 
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Two of the 30 GYRATHERMS in use at KODAK Research Laboratories 
—(Photo courtesy of Eastman Kodak Co.) 


the 


De cote of the ralter's lberaleres 


IT STIRS SLOWER .... and faster. Exclusive 
beltdrive (Alnico magnet on its own shaft) 
offers the widest range of stirring speeds of 
any magnetic stirrer. 


IT’S COOLER TO HANDLE 
Housing is fan-cooled, fully insulated from 
top plate. 


IT HEATS FASTER 
Full 750-watt Nichrome elements jacketed in 
stainless steel bring top plate to 725°C in 
less than 30 minutes (heater is easily re- 
placed, too). 


25225—Will Combination Magnetic Stirrer and 
Hot Plate, 8” diameter. Complete with stir- 
ring bar and 6-foot line cord with safety 
plug. For 115 volts, A.C. $115.00 


CORPORATION 


and subsidiaries 


Wil 
Specialists in @ Scientific Supply 


ROCHESTER 3, WY. ATLANTA 1, GA. NEW YORK 52, N.Y. BALTIMORE 24, MD. BUFFALO 5, WY. 
$0. CHARLESTON 3, W. VA. 
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Part One contains the introduction ani 
general theory. Part Two is devoted to 
the presentation of the important families 
of organic compounds. The aliphati:: 
and aromatic compounds are presente 
concurrently in five sections. Section A 
includes the hydrocarbons and their ha!- 
ogen derivatives; Section B, organic com- 
pounds containing oxygen; Section C, 
nitrogen compounds; Section D, sulfw, 
phosphorus, silicon, and organo-metalli:: 
compounds; and Section E, heterocyclic 
ring systems. 

The miscellaneous topies in Part Three 
are presented in twelve chapters. There 
are separate chapters on the relationship: 
between structure and physical proper- 
ties, relative strengths of covalent bonds, 
determination of resonance energy, ani 
medicinal compounds. The study of 
petroleum, carbohydrates, and proteins is 
included in this section. 

In the opinion of the reviewer, Dr. 
Szmant is the first author who has been 
successful in presenting the aliphatic and 
aromatic compounds concurrently. Only 
in the first section of Part Two, the study 
of the hydrocarbons, is there made a 
subdivision into aliphatic, alicyclic, and 
aromatic compounds. All subsequent sec- 
tions treat the entire class of compounds 
as a unit. The organization of the dis- 
cussion of oxygen, nitrogen, sulfur, phos- 
phorus, silicon, and metallo-organic com- 
pounds seems very logical, with a maxi- 
mum of continuity and interdependence. 

Electronic interpretations are stressed 
throughout the text. There are numerous 
structural formulas and equations with ac- 
companying explanations showing the 
mechanisms of reactions. The concept of 
hyperconjugation is introduced in the 
fourth chapter. The entire presentation 
is such that students should be able to 
derive a maximum of understanding with 
a minimum of actual memorization. 

Integration of material within the book 
is aided by frequent references to specific 
pages of other sections of the book. The 
General References found at the end of 
each chapter are well chosen from leading 
recent reference books. The reader is 
constantly reminded of the importance of 
the fact that the “pay-off”’ of organic re- 
actions is in the laboratory. The de- 
scriptions of reactions definitely display « 
good balance between theory and labor- 
atory operations. References for reac- 
tions utilize “Organic Reactions’ or 
“Organic Syntheses’ whenever possible. 
The author wisely chose these two sets for 
his primary references on the basis that 
every college library would undoubtedly 
have them available. 

The reviewer finds only two minor ob- 
jections. First, the chapter on the prin- 
cipal types of organic compounds is so 
concentrated that students might become 
confused by so much new material. Sec- 
ond, the chapter on the relationship b:- 
tween structure and physical properties 
comes late in the book. It seems that 
many of these concepts should be mastered 
well in advance of this stage of study. 

This book is very well written. The 
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Cantarow and Schepartz — 
BIOCHEMISTRY 


Painstakingly revised by the authors to keep abreast 
of the rapid progress in the field of biochemistry, this 
popular text emphasizes the integration of biological 
processes and the various aspects of metabolism. In 
the New (2nd) Edition the authors aim to help students 
perceive the nature of metabolic interrelations and 
homeostasis—placing biochemistry in its proper re- 
lation to normal and pathologic physiology. You will 
value the stress placed on the dynamic aspects of bio- 
chemistry. Abnormalities are included only where 
they help explain the normal. There is new data on: 
adrenocortical, thyroid and hypothalamic hormones; 
structures of insulin, vasopressin and oxytocin; metabolic 
and nutritional significance of trace elements; neuro- 
chemistry; metabolism of nucleic acids, porphyrins and 
bile pigments; etc. 


By ABRAHAM CANTAROW, M._D., Professor of Biochemistry; and BERNARD SCHEPAR 
Ph.D., Assistant Professor of Biochemistry, Jefferson Medical College. 876 pages, 6” x nv 
with 150 illustrations. $12.00. 


New (2nd) Edition! 


Brooks—BASIC FACTS OF GENERAL 
CHEMISTRY 


In 12 chapters this concise work covers general chemistry simply yet 
scientifically with many meaningful applications to the biological 
sciences. Here you will find the essential concepts and mechanics of 
inorganic chemistry applied to the important elements and their com- 
pounds. Other topics exceptionally well covered include: the value 
of arithmetic in dealing with chemical problems; the principles and 
applications of colloidal chemistry; the cardinal facts of organic chem- 
istry; the chief biochemical reactions in physiology; and the status 
of nuclear chemistry. Excellent line drawings illustrate the text. 
All material has been carefully organized, but is so constructed that 
itcan be readily adapted to suit each teacher's needs. 


By STEWART M. BROOKS, Ph.G., M.S., Science Instructor, Lasell Junior College, Auburndale, 
Massachusetts. 354 pages, $34" x 8”, illustrated. $4.75. 


Gladly Sent to Teachers 
for Consideration as Texts! 


W. B. SAUNDERS COMPANY 
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your textbook problems 
with these 


Noller—CHEMISTRY OF ORGANIC 
COMPOUNDS 


For a basic organic course, intended to be intensive, 


this text is superb. It contains a truly comprehensive 
treatment of the subject, ideal for students majoring in 
chemistry or allied sciences. The New (2nd) Edition 
includes more advanced discussion on organic reactions, 
integrating these mechanisms from the very beginning 
of the book, thus enabling processes such as cracking 
and isomerization of alkanes to be explained earlier in 
the course. An entire chapter is devoted to the ab- 
sorption of electromagnetic radiation. Other new 
topics include: use of dinitropheny] fluoride for deter- 
mining the structure of insulin, the anhydro sugars, be- 
havior of small ring compounds, new commercial proc- 
esses and products. You'll value the generous amount 
of up-to-date material which enables you to vary assign- 
ments and adapt the text to the specific needs of your 
students. 


By CARL R. NOLLER, Professor of Chemistry, Stanford University. 978 pages, 6” x 9'4” 
with 106 illustrations. $9.00. New (2nd) Edison’ 


Brooks—SELECTED EXPERIMENTS 
OF GENERAL CHEMISTRY 


Designed to accompany any general chemistry text, the experiments 
in this manual have been carefully selected to demonstrate and clarify 
all important concepts in the field. For example, the experiments con- 
cerned with the development of basic inorganic chemistry clearly 
demonstrate physical vs. chemical change, ionization, electrolysis, and 
investigate elements such as oxygen, iodine, chlorine. Those experi- 
ments covering organic chemistry explain the alcohols, ether, hydro- 
carbons, etc. Still others present some of the important reactions of 
physiology. Wherever possible, each of the 50 selected experiments is 
related to the biological sciences. They investigate problems of blood, 
normal and pathological urine, digestion, etc. Helpful illustrations 
show steps that cannot be easily explained. 


Ry STEWART M. BROOKS, Ph.G., M.S. 113 pages, 534” x 8”, illustrated. $2.00. 


West Washington Square 
Philadelphia 5 
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explanations are clear and concise. There 
are far more illustrations and structural 
equations than are found in most organic 
chemistry textbooks. The review ques- 
tions at the end of each chapter are de- 
vised to emphasize the major concepts 
covered. They are thought provoking, 
but are not so complex as to become la- 
borious. 

This new text will certainly be a valuable 
addition to our chemical literature. Well 
printed, and clearly written, it will un- 
doubtedly become one of the leading text- 
books in organic chemistry. 


DELTA WARREN GIER 


Park CoLLeGEe 
PARKVILLE, Missouri 


THERMODYNAMICS AND 
STATISTICAL MECHANICS 


A. H. Wilson, Cambridge University 
Press, London, 1957. xv + 495 pp. 
48 figs. 17 X 25.5cm. $9.50. 


Tue first four chapters of this book pre- 
sent in a mathematical fashion the funda- 
mental concepts of thermodynamics. The 
principles of quantum statistics are pre- 
sented in Chapter five. This is not an 
elementary text and assumes that the 
reader has a good understanding of ad- 
vanced calculus, classical and quantum 
mechanics, thermodynamics, and statis- 
tical mechanics. The last nine chapters 
deal with the practical application of ther- 
modynamics and statistical mechanics to 


some problems of chemistry and physics. 
Some of the topics discussed are: the 
specific heat of gases, third law of thermo- 
dynamics, equations of state for gases, 
vapor pressures, the properties of liquid 
helium, paramagnetism, order-disorder 
problems, chemical equilibrium, and so on. 
The book is well written. Although it is 
written from the point of view of a physi- 
cist, it can be highly recommended to a 
serious student of physical chemistry. 


JOHN R. LACHER 
University oF CoLoRADO 
CoLorapo 


FUNDAMENTALS OF 
CHROMATOGRAPHY 


Harold Gomes Cassidy, Associate Pro- 
fessor in Chemistry, Yale University. 
Volume X of “Techniques of Organic 
Chemistry” edited by Arnold Weiss- 
berger. Interscience Publishers, Inc., 
New York, 1957. xvii + 447 pp. 85 
figs. 61 tables. 16 XK 24 cm. $9.57. 


Tuose familiar with the “Weissberger 
series’ will recall that Dr. Cassidy is the 
author of Volume V on Adsorption and 
Chromatography. The editor states that 
“the publishers are keeping the original 
Volume V available for readers interested 
in the topics of Chapters I to V (Defini- 
tions, Molecular Aspects of Adsorption; 
Measurement of Adsorption, Treatment of 
Data; Relations between Relative Ad- 
sorbability and Properties of Phases; Rela- 
tions between Relative Extent of Adsorp- 
tion and Properties of Adsorptive; and 
Graded Eluents and Adsorbents), while 


chromatography is discussed from new 
points of view in the present volume. .. .” 

The author has approached “‘chromatog- 
raphy at the level of principle,” and dil 
‘not attempt to write a detailed review or 
compendium of methods.” There are “so 
many particular problems that they car- 
not be packed into the confines of a single 
volume.” He has tried to “present the 
reader with a homogeneous treatment of 
the entire field of chromatography.”’ He 
has done an excellent job of reaching th:t 
goal. One finds a thorough coverage. - 
from molecular interactions on which chr»- 
matographic separations rest, to foam and 
emulsion fractionation; from gas-liquid 
chromatography, to electron-exchanye 
polymers. Ion exchange is not treati-d 
exhaustively, but only to the extent that it 
relates closely to chromatography (‘3 
pages). 

Theoretical considerations are given 
both qualitatively and quantitatively. 
They are not just incidental, but are pre- 
sented carefully, and then used repeatedly 
in the discussion of such matters as factors 
that affect R values, or factors that affect 
definition of zones. Chapter XIII, on the 
Relation of R or R; to Molecular Struc- 
ture, includes such approaches as those of 
LeRosen, of Martin and of Pierotti and 
co-workers. 

While the tables and text give much in- 
formation, the user will not find ready- 
made answers to his problems, but he will 
find a guide which will help him approach 
his work with confidence, understanding, 
and a measure of facility. For example, 
there is little detail of what solvents have 
been used for particular separations. 


(Continued on page A550) 


Rinco 
Multiple 


Evaporator 


Designed to provide large scale, rapid 
evaporation without elevation of tem- 
peratures; offers rapid evaporation of 
low volatility solvents with capacity of 
2000 ml. From one to four evapora- 


tions carried out simultaneously, flasks 


are quickly and easily interchanged. 


High Capacity 
Fast Evaporation 
Multiple Use 


Driven by a 115 Volt AC motor operat- 
ing an enclosed chain-drive mechanism, 


ALOE SCIENTIFIC 


rotates at a constant speed of 56 rpm at 
approximately 36 inch-ounces of torque. 
Large (12”x16”) cast aluminum H-type 
support base for maximum stability. 


39479 — Multiple Unit, 4 Stage Rinco 
Evaporator; complete with base and 
adjustable column, but less glassware 
and tubing 


$390.00 


Write for Bulletin .........00.000..... 19-103 


DIVISION OF A. S. ALOE COMPANY 


5655 Kingsbury, St. Louis 12, Mo. 


LOS ANGELES © SAN FRANCISCO 
SEATTLE © DENVER © MINNEAPOLIS 


KANSAS CITY ® DALLAS © NEW ORLEANS 


WASHINGTON, D.C. © CHAMBLEE 
PITTSBURGH ® MIAMI 
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ymatog- 
view PHYSICO- CHEMICAL EXPERIMENTS , third Edition 
ey can- 
oe By Robert Livingston, Professor of Chemistry, University of 
ment of Minnesota 
.” He Experiments have been carefully selected and assembled in this labora- 
mo - tory manual (1) to aid the student in correlating abstract principles and 
me equations with the observations on which they are based, and (2) to train 
aun os.d him in the use of laboratory apparatus and techniques and in analysis and 
s-liqud computation. In the new revision, the following experiments have been added: 
xchanye a spectrophotometric study of colored solutions; the measurement of radio- 
treated activity with a Geiger counter; the measurement of the dielectric constant of 
t that it solutions and the determination of the dipole moment of the solute; the deter- 
hy (33 mination of transference numbers by the moving boundary method. In addi- 
y given tion, the use of the pH Meter has been introduced into the experiment on 
atively. the potentiometric determination of the hydrogen ion. 
are pre- 1957 273 pp. $4.50 
yeatedly = 
3 factors 
FUNDAMENTAL PRINCIPLES of PHYSICAL CHEMISTRY, Third Edition 
r Struc- 
those of By Samuel H. Maron, Professor of Physical Chemistry, Case 
cap mae Institute of Technology, and Carl F. Prutton, Executive Vice 
iii in President, Food Machinery-and Chemical Corporation 
| ready- The revised edition of this standard text for introductory courses in 
t he ee physical chemistry has been expanded to include many new problems and 
Satine material on microwave spectroscopes, electronic diffraction of gases, inter- 
xample, molecular forces, and radiation chemistry. The sections on thermodynamics 
ats have and chemical equilibrium have been completely reorganized. 
rations. Coming Spring 1958 
m at 
que. By Paul Delahay, Boyd Professor of Chemistry, Louisiana State 
_ University 
ve Emphasizing fundamental principies rather than application to analysis 
or to specific equipment, this text is designed for. undergraduate or graduate 
a courses in instrumental analysis and physico-chemical methods. It covers 
three major groups of instrumental techniques: (1) electrochemical (the 
and author received an award from the American Chemical Society for his funda- 
ware mental contributions in electrochemical methods), (2) spectroscopic, and 
10.00 (3) such miscellaneous techniques as x-rays, mass spectrometry, and radio- 
activity and includes more than 50 experiments in 23 groups. 
103 1957 384 pp. $7.90 


~ QUANTITATIVE CHEMICAL ANALYSIS, Eleventh Edition 


By Leicester F. Hamilton and Stephen C. Simpson, both of the 
Department of Chemistry, Massachusetts Institute of Technology 


Compiled originally by H. P. Talbot, this established text once again has 
been brought up to date. New features include: (1) expansion of many 
theoretical discussions, especially those pertaining to precipitation, coprecipi- 
tation, and properties of solutions, (2) coulometric methods, (3) numerical 

_ ow problems on optical methods, and (4) the bromate and iodate processes. 
Detailed laboratory procedures, theoretical discussions, practical suggestions 
and stoichiometry are properly balanced to provide a basic 1- or 2- semester 
course in Quantitative Analysis. Coming Spring 1958 
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FREE ; samples 


of E-D filter paper for 
Chromatography and 
Electrophoresis 


Readily available in a variety of grades and sizes 


Of the 33 grades of filter paper that are regularly 
produced in Filtertown, most possess the high de- 
grees of uniformity and purity, that are essential 
characteristics for filter paper selected for use in 
chromatography or electrophoresis. 

In point of fact, E-D filter papers are most favor- 
ably known for dependability, neutrality, and low 
ash content. 

For two dimensional chromatography and electro- 

phoresis—the most popular grades are 301, 609, 613 
pee Purity 7. They represent the thin, medium, and 
heavy grades which provide rapid, medium, or slow 
flow. Usually purchased in sheets. All sizes can be 
supplied including, of course, the very popular 
18144” x 2214”. 

For single dimensional chromatography, rolls or 
strips are most frequently used. Rolls up to 12” wide 
are ordinarily supplied in lengths of 600 feet. — 
from 14” to i2” wide, 22” long. Other sizes availab 

We have prepared a Sample Kit for your use to 
help you determine which eS grades—suit 
your purposes best. No charge or obligation. Simply 
send in the coupon below coal: we will promptly 
forward this Sample Kit to you. 


DikemanCompany 


FILTERTOWN 
MT. HOLLY SPRINGS, PENNA. 


THE EATON-DIKEMAN COMPANY 

FILTERTOWN 

MT. HOLLY SPRINGS, PENNA, 

(.) Send me the Sample Kit of E-D filter papers for Chromatography and Electro- 
phoresis in sheets, 1844" x 22%". 

Send me samples of E-D filter paper to fit equipment | have checked. 


() Cabinet Unit C) Square jar Rectangular jar 

Round jar—12" Round jar—10" Round jar—6" 

(J Tube Units—4" () Tube Units—2% " Electrophoresis 
Roll—1" Roll—”%" 

My name. Title. 
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However, practical considerations have 
not been neglected. They include advice 
on choosing the mobile and stationary 
phases, a’ discussion of the relation of 
chromatography to a larger scheme of 
analysis, procedural steps, and hints to 
one “with little or no experience in chro- 
matography.” It should be stated that 
with all such emphasis on guiding princi- 
ples, the book is well stocked with specific 
illustrations, usually given to make a point 
clear. 

The author has been selective, rather 
than exhaustive, in his list of 1081 ref- 
erences, many of which appeared in 1956. 
Of the total, more than 30 are to publica- 
tions by Dr. Cassidy and co-workers. 
Some 18 references are to personal com- 
munications from as many sources, further 
attesting to the degree with which the 
author is aware of current work. 

The publishers, editor, and author are 
all to be congratulated on bringing out as 
important a contribution as this. There 
has long been a need for taking chomatog- 
raphy out of the realm of “art,” and con- 
verting it into a “science.” This book 
meets a substantial portion of that need 


JOHN W. CHITTUM 
Tue CoLiece or Wooster 
Wooster, 


JOURNAL OF A SCIENTICIAN 


Piero Modigliani, Executive Director of 
Research, Modiglass Fibers, Inc., Philo- 
sophical Library, New York, 1957. 136 
pp. l0figs: 14.7 X21.5cm. $3.75. 


Dr. Prero a native of 
Italy, but for many years an American 
citizen, is a pioneer in the glass fiber in- 
dustry and has devoted most of his life to 
industrial research. 

The Journal, however is not an auto- 
biography. Neither is it the story of 
fiberglass, but a long letter in many short 
chapters to a “Dear Reader I don’t know 
but hope to find somewhere.”’ It is a 
highly personalized and philosophic rec- 
ord of the human side of scientific and in- 
dustrial research as well as philosophical 
reflections upon the resources of science 
and the science of human happiness. He 
defines a scientician as a “kind of butter- 
fly, living out of the flowers of other peo- 
ple’s gardens, ignorant among experts and 
brainy in the common crowd, half way be- 
tween an artist and a scientist and de- 
spised by both.” 

The entries in his Journal follow the 
trend of his thoughts without consideration 
of time; and the scope and content of his 
thoughts range from econophysics, tech- 
nicians, and life in the laboratory to Man- 
hattan projects, rockets, and pipelines in 
Arkansas; from a promenade in Tuscany 
and Trader Horn at Princeton to the 
science of Gandhi and Leonardo da Vinci. 

The Journal is written, according to the 
author in a “holiday mood,’ meaning 
“living in the present, forgetting the past 
and not worrying about the future.” 

“Some day,’’ he writes, “philosophy and 
science will be merged in some sort 0! 


(Continued on page A552) 
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CONTROL 


Now you can utilize HS 

without its stench or 
m hazards, for all analytical 
@ sulphide precipitations. 


Sulfi-Down 
SPECIALLY 


STABILIZED 


No Toxic Effects 
No Danger 


No Odor 

STABLE IN SOLUTION 
NON-INFLAMMABLE 
ONE YEAR SHELF LIFE 
Per bottle of 100 grams NON-CORROSIVE 


ECONOMICAL 
No longer need any laboratory suffer 


the abominable stench or deleterious 


ra effects of hydrogen sulphide gas when 


precipitating metals as sulphides. 


Sulfi-Down banishes the hazards of hy- 
drogen sulphide. 
dangerous 
= the room—merely introduce a few drops 
of an aqueous solution of Sulfi-Down 


at the point where H:S would be used! 


Hundreds of Schools and colleges are 
now using Sulfi-Down. Repeat orders 
on an ascending scale, prove its pro- 
nounced advantages. 


Instead of using the 
its rs into 


a.daigger & company 


159 West Kinzie Street * Chicago 10, Ill. 
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NEW waco 
LO-TEMP BATHS 


Controlled Cooling and Heating 
Minus 10° C to Plus 65° C 


@ WIDE RANGE Visibility bath with BOTH mechanical 
refrigeration and heating! Provides constant temper- 
ature from Minus 10° C to Plus 65° C using 10” of liquid 
in a 12” uninsulated pyrex jar. Using less liquid Minus 
20° C is obtainable. 


@ SENSITIVITY Mercury thermoregulator and a 
WACO Thyratrontube Relay controls operation of the 
compressor and heating unit within plus or minus .01° C. 


ALREADY USED FOR—Viscosity vapor pressure and other physical 
data determination, organic synthesis, ASTM petroleum tests, 
etc. Also as COOLANT CIRCULATING SYSTEM for spectro- 
photometers, refractometers, distillation condensers. 


NO. JC882 WACO LO-TEMP REFRIGERATED BATH 
with Pyrex jar 12” diameter. For 115 volt 50/60 cycle 
AC 


NO. JC884 WACO RECTANGULAR REFRIGERATED 
BATH. Inside dimensions 29” long x 14” wide x 10” 
deep. Range MINUS 35° C to PLUS 50° C. Three- 
wall insulated construction.................... $890 .00 


@ Other sizes and many accessories available to fit your 
needs. Please write for WACO BATH BULLETIN JC-11 
for complete information. 
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General Motors of Knowledge.... There 
will be so many physicists that the 
research centers will advertise for philoso- 
phers.”” The Journal is so spiced with 
his personal opinions or private philoso- 
phy that the reader will absorb many of 
them for himself. 


GRETA OPPE 
Bat. Hiex 
GALVESTON, TEXAS 


APPLIED MATHEMATICS IN CHEMICAL 
ENGINEERING 


Harold S. Mickley, Associate Professor 
of Chemical Engineering, and Thomas K. 
Sherwood, Professor of Chemical Engi- 
neering, Massachusetts Institute of Technol- 
ogy; Charles E. Reed, Engineering 
Manager, Chemical Department, General 
Electric Co. Second edition. McGraw- 


Hill Book Co., New York, 1957. xii + . 


413 pp. 99 figs. 16 X 23.5cm. $9. 


Tue first edition of “Sherwood and 
Reed”’ which appeared in 1939 has been 
entirely rearranged and rewritten by Pro- 
fessor Mickley. Experience in using the 
text with students, and the many new 
mathematical techniques which are being 
used in chemical engineering, have called 
for new treatment of old material and the 
addition of new topics in the second 
edition. 


Now Chapter I on Treatment of Engi- 
neering Data and Chapter II on Interpre- 
tation of Engineering Data deal with mate- 
rial previously in Chapters I, VII, VIII, 
and IX on graphical representation, differ- 
entiation and integration, interpolation, 
and theory of errors. Chapter IT now dis- 
cusses variance and design of experiments. 

Chapter III on the Mathematical 
Formulation of the Physical Problem 
discusses the method of setting up the 
differential equation for a process. This 
naturally is followed by Chapter IV on the 
Solution of Ordinary Differential Equa- 
tions in which the usual methods of solu- 
tion are given. Because the usual meth- 
ods are not always applicable, Chapter V 
discusses Series and Numerical Solutions 
of Ordinary Differential Equations. 
Chemical and physical processes fre- 
quently involve more than two variables, 
so Chapter VI deals with the Formulation 
of Partial Differential Equations and 
Chapter VII with the Solution of Partial 
Differential Equations. Vector notation 
is introduced in the formulation of partial 
differential equations and used for flow 
equations. 

A completely new -section contains 
Chapter VIII on the Laplace Transform, 
Chapter IX on Analysis of Stagewise 
Processes by the Calculus of Finite 
Differences, and Chapter X on _ the 
Numerical Solution of Partial Differential 
Equations. 

The second edition appears to have a 
more uniform level of treatment of all 
subjects than did the first edition. It has 
much excellent material and has fulfilled 


its “purpose of this book is to consolidate 
the advanced methods of mathematics 
into a form that can be applied readily by 
both the student and the professicng| 
engineer.’?’ The man who desires to use 
advanced mathematics must know and be 
able to use his basic mathematics. He 
may need to review some of it before he 
can apply the advanced methods of 
mathematics given here. 


KENNETH A. KoOBgE 
Tue University or Texas 
Austin, Texas 


ADVANCES IN CARBOHYDRATE 
CHEMISTRY. VOLUME 11 


Edited by Melville L. Wolfrom and R. 
Stuart Tipson. Academic Press Inc, 
New York, 1956. viii + 464 pp. 12 
tables. 16 X 23.5cm. $11. 


latest volume of “Advances in 
bohydrate Chemistry,’’ published in 1956, 
maintains the same able and comprehen- 
sive treatment of subject matter and in- 
ternational scope of authorship that dis- 
tinguished the preceding volumes of this 
series. 

The topics presented are: Perio:date 
Oxidation of Carbohydrates, which is dis- 
cussed by J. M. Bobbitt; The Osones, by 
S. Bayne and J. A. Fewster; Reactions of 
the Monosaccharides, with beta-Ketonic 
Esters and Related Substances, by F. Gar- 
cia Gonzdélez; Kojic Acid, by Andrew 
Beélik; The Biosynthesis of the Mono- 
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saccharides, by L. Hough and J. K. N. 
Jones; Branched-Chain Sugars of Natural 
Occurrence, by F. Shafizadeh; Nucleic 
Acids, by G. R. Barker; and Aspects of the 
Physical Chemistry of Starch, by C. T. 
Greenwood. Following the complete 
Author Index and detailed, individual Sub- 
ject Index for Volume 11, there are in ad- 
dition a Cumulative Index of the authors 
of all the reviews in Volumes 1-10 inclu- 
sive, aS well as a generalized Cumulative 
Subject Index. 

In some cases the present discussions 
represent the only available reviews of the 
subjects treated. The section on osones 
describes the many efforts since Fischer’s 
work in 1888 to isolate p-glucosone and 
similar compounds, and the evidence 
available as to their structures. A proof of 
structure of the products of the reaction 
between monosaccharides and _ beta-ke- 
tonic compounds is given. A chapter 
covers the formation of kojic acid by both 
chemical synthesis and fermentation, and 
its reactions, and lists all references since 
its discovery in 1907. 

The present discussion of the branched- 
chain sugars mentions the proof of the 
structure by synthesis of apiose in 1955, 
but is devoted in the main to hamamelose, 
and to the half dozen deoxy branched- 
chain sugars elaborated by microorgan- 
isms. 

Periodate oxidation as applied to carbo- 
hydrates has been widely used. It has 
proved a very helpful tool in solving the 
problem of the configuration of the glyco- 
sides, in measuring the degree of poly- 
merization of a linear polymer like 
amylose, and in elucidating the structure 
of polysaccharides. This review includes 
a general description of both the experi- 
mental procedure and the variety of ap- 
plications to polyhydroxylic compounds. 

Of more general interest are the articles 
on nucleic acids and biosynthesis. The 
developments in the organic chemistry of 
nucleic acids are stresses, especially those 
since 1945. Recent contributions to the 
knowledge of ring structure and cenfigura- 
tion of the sugar moiety in nucleosides and 
deoxynucleosides and the problem of de- 
termining the structure of isomeric nu- 
cleotides are discussed. More than half of 
the review is devoted to polynucleotides, 
in particular to the nature and position of 
the phosphate linkage between the nucle- 
oside units. 

The longest article, Biosynthesis of the 
Monosaccharides, provides a thorough sur- 
vey of the literature in this challenging field 
beginning with Baeyer’s suggestion in 
1870 of the key role of formaldehyde in 
carbohydrate formation and continuing 
into 1955. The introductory section 
points up the problem of detecting inter- 
mediates in a process like photosynthesis. 
The great progress made since 1939 has 
been the result of “the combined use of 
isotopic tracers (C!* and P**) for sensitive 
detection, and ionophoresis, paper chroma- 
tography, and ion-exchange chromatogra- 
phy for efficient separation.’”’ The isola- 
tion of enzymes and the characterization 
of coenzymes have also contributed to the 
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Irreversible Processes and Reac- 
tions between Systems of Con- 
stant Weight 
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For Chemical Engineering Students a 


Thermodynamics of 


One-Component Systems 


A TEXTBOOK FOR ENGINEERS 


By WILu1aM N. Lacey and Bruce H. Sace 
California Institute of Technology, Pasadena, California 
November 1957, 376 pp., illus., approx. $8.00 
“The objective of this textbook is to help the student in his transit from 


science studies to engineering, from idealized thermodynamics to the 
combination of thermodynamics with mechanics needed for dealing with 


—From the Authors’ Preface 


Part II. Flow Processes 


Conservation Principle in Steady 
Flow 

Special Flow Processes in which 
Kinetic Energy is Important 

Steady Flow Cycles 

The Turbine 

The Reciprocating Engine 

Compression of Gases 

Refrigeration 

Liquefaction of Gases at Low 
Temperature 

Appendixes 
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understanding of biosynthetic paths. The 
isolation in 1953 from yeast of trans- 
ketolase and trans-aldolase provided new 
tools for studying monosaccharide trans- 
formations. These enzymes capable of 
transferring reversibly the ‘“dihydroxy- 
acetonyl’’ radical and glycoly] radical also 
play a part in fixing carbon dioxide as 
phosphyglyceronic acid during photosyn- 
thesis. The table of the forty odd mono- 
saccharides occurring in nature, either 
free or combined, would be useful for the 
nonspecialist reading almost any section of 
the book. 

Included in Volume 11 is an account of 
the life and work of Kurt H. Meyer (1883- 
1952) written by one of his students, R. W. 
Jeanloz. Much of his attention in his 
later years was devoted to enzymes and 
protein hormones. Professor Meyer’s 
contributions to the understanding of the 
variations in the properties of starches 
from various sources are documented in 
the discussion of Aspects of the Physical 
Chemistry of Starch. 


MILDRED R. NEWLIN 


QUEENS COLLEGE 
Fiusnine, New 


THE CHEMISTRY OF 
ORGANOMETALLIC COMPOUNDS 


Eugene G. Rochow, Department of 
Chemistry, Harvard University; Dallas 
T. Hurd, General Electric Co.; Richard 
N. Lewis, Olin Mathieson Chemical Corp. 
John Wiley & Sons, Inc., New York, 1957. 
vi + 344 pp. 15.5 X 23.5cm. $8.50. 


FoLiow1neG a logically conceived and 
carefuily planned approach to organo- 
metallic chemistry, the authors of this 
book have produced a unique and highly 
readable text. No special familiarity 
with the subject on the part of the reader 
is presupposed. The four summarizing 
chapters on trends in properties of organo- 
metallic compounds, the theory of carbon- 
metal bonding, preparative methods, and 
uses of organometallics in organic synthe- 
sis will be of particular value to students 
and others seeking a general familiarity 
with the field. 

The bulk of the book comprises chap- 
ters covering the chemistry of organo- 
metallic compounds by periodic groups. 
The treatment is selective rather than ex- 
haustive. Physical properties of com- 
pounds are wisely presented in tabular 
form at the end of each section. Unfor- 
tunately, these tables and the accompany- 
ing bibliographies vary greatly in their 
completeness. Furthermore, the depth of 
the coverage varies somewhat from one 
chapter to another, and in places the treat- 
ment of the material is so general that to 
some it will seem oversimplified. How- 
ever, the quality of the writing is generally 
good, and the presentation is always 
straightforward. 

Just a few months ago another book was 
published covering the same branch of 
chemistry: Coates’ “Organometallic Com- 
pounds.” (see W. C. Fernelius, J. CHEM. 
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Epuwc., 34, 208 (1957)). The nearly simul- 
taneous appearance of the first such books 
to be published in two decades invites 
comparison between them. The two 
books seem to be complementary rather 
than competitive. In contrast to the 
book under review, Coates’ scholarly 
monograph treats the subject in a highly 
descriptive way, with emphasis on the prep- 
aration of specific compounds. (Not 
only do the two books differ in their the- 
oretical and pedagogical approach, but 
even occasionally in minor matters of fac:. 
For example, on page 138 of Rochov, 
Hurd, and Lewis one finds that indium 
alkyls do not form stable addition com- 
pounds with ammonia, a statement which 
is contradicted on page 94 of Coates. 
Similarly, Coates claims on page 57 that 
trialkylborons are not coordinated by 
ether, while the opposite would seem to be 
true according to page 129 of the book pres- 
ently under review.) Both books will 
be useful to the specialist, but the book by 
Rochow, Hurd, and Lewis would be this 
reviewer’s choice as a text for an advanced 
course or for independent reading by per- 
sons unacquainted with the field. As 
usual, the British publishers have the ad- 
vantage pricewise, this time by a factor of 
3.4 to 1. 


ROBERT WEST 
University or WISCONSIN 
Mapison, Wisconsin 


THERMODYNAMICS, AN ADVANCED 
TREATMENT FOR CHEMISTS AND 
PHYSICISTS 


E. A. Guggenheim, Professor of Chem- 
istry, University of Reading. Third edition. 
Volume II in the Series in Physics. 
North-Holland Publishing Co., Amster- 
dam; Interscience Publishers, Inc., New 
York, 1957. xxiii + 476 pp. 40 figs. 
21 tables. 15 X 23cm. $9.75. 


Tuis third edition differs from the earlier 
ones in two major aspects. In the first 
place, the material on mixtures and solu- 
tions has been rearranged such as to avoid 
a certain amount of repetition in deriva- 
tions. Secondly, a brief chapter has been 
included: dealing with Onsager’s reciprocal 
relations, which play such an important 
part in the thermodynamics of irreversible 
processes. This is a relatively new branch 
of science of growing importance. Other- 
wise there are numerous corrections and 
minor changes, which are mostly improve- 
ments. Thus we note, for example, that 
the term “regular solutions’ has been re- 
stored to its original meaning (due to 
Hildebrand), while a new name, “simple 
mixtures,’’ is introduced for solutions with 
a special free energy of mixing relationship, 
to which Guggenheim pays much atten- 
tion. 

This definitely is an advanced trea‘- 
ment, although the author claims in his 
preface that “‘much of it should be useful to 
undergraduates intending to specialize in 
physical chemistry.” This reviewer is of 
the opinion that only advanced graduate 
students in this field will be able to follow 
a discussion which makes frequent use of 
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His influence On Science In America 


Edward Williams Morley 


This well written intensely human story of a pioneer in chemical education 
makes absorbing reading. Through careful and exhaustive research, 
Dr. Williams has gathered all available information about Morley the 
leader, the educator, the researcher and the man and presents it with a 
warmth and depth that enables you to feel the greatness of this scientist. 
“Edward Williams Morley was an extremely important figure in the field 
of science during the late 1800’s and early 1900’s. There was so much 
that was admirable and worthy of preservation in his character, in his 
daily life, and in his scientific work that it seemed that someone ought to 
take the time and interest to gather all the available information on this 
eminent scientist, and to put it into form so that future generations of 
young scientists might have the benefit of his scientific experiences and 
his living greatness. 

“His former students and associates think highly of him, and now and 
again tell an incident from his life to show the present generation what 
giants lived of old, but there has been no organized attempt to preserve 
his memory for posterity and he is rapidly becoming a legend rather than 
a living being who once walked the campus paths of Western Reserve 
College and University. 

“T found a personal interest in Morley’s life because of my position as 
teacher of chemistry at Western Reserve Academy which is now located 
on the campus of the old Western Reserve College where Morley began 
his career as teacher and research worker extraordinary. I was in almost 
daily contact with the building where he worked, the house where he 
lived, the campus views which he looked upon and the paths which his 
feet had helped to wear. It seemed the most natural thing in the world 
that I should feel almost as his direct heir and get the urge to do something 


of lasting service to his memory.” 
From the Author’s Introduction 


This rewarding biography belongs in th2 library of every chemist, educator, 
and student. 


EDWARD WILLIAMS MORLEY, His Influence on Science in America 
by Howard R. Williams, 324 pages including 45 halftone 6 50 
illustrations 


Chemical Education Publishing. Co. 


EASTON, PENNSYLVANIA 
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the methods of statistical thermodynamics 
(even though its fundamental assum p- 
tions are beautifully described), and 
which, throughout, employs arather sophis- 
ticated mathematical physical languaye. 
Thus, in some chapters, we find a vector 
and tensor notation, encounter such 
mathematical notions as Jacobians and 
Legendre Transformations, and in Chap- 
ter II we read about quantum mechani al 
eigenfunctions and degenerate statvs, 
This is too much for our undergraduates. 

As for the merits and weaknesses in 
specific areas we may refer to the many 
reviews of the first edition, bearing in 
mind the changes and improvements re- 
ferred to above. In the May, 1950, issue 
of THis JouRNAL, George Scatchard has 
correctly labeled this book ‘“‘very person- 
Although this characterization is 
still very much to the point, this reviewer 
would like to emphasize that the Guggen- 
heim approach also has many excellent 
aspects. Even if one does not always pre- 
fer the “Guggenheim rules” over possible 
alternatives, a careful reading of many 
parts of this book will greatly increase 
one’s insight into the field of thermody- 
namics and its application to chemistry. 

The style is very clear throughout and 
the printer has done a beautiful job. 


J. DE HEER 
University or CoLtorapo 
BovuLpErR, CoLorapo 


CHEMICAL ENGINEERING PRACTICE. 
VOLUME 3 


Edited by H. W. Cremer and T. Davies. 
Academic Press, Inc., New York, 1957. 
xviii + 523 pp. Figures and tables. 
16.5 X 25.5cm. $17.50. 


THE present volume is the second on the 
“Solid State,’’ but as we saw previously 
(J. CHem. Epuc., 34, 207 (1957)] the 
first of these dealt largely with alloys and 
metallurgical systems. This volume is 
devoted largely to the unit operations of 
size reduction and separation. 

The first quarter of the book discusses 
principles of size reduction, methods of 
sizing analysis, crushing, grinding and 
pulverizing equipment. Separation is dis- 
cussed more broadly, as screening and 
classifying, tabling and jigging, flotation, 
sedimentation, wet classification, dense 
medium coal washing, and air flow selec- 
tion. 

Three chapters cover mixing of solids, 
storage and handling of solids, and sam- 
pling, measuring and gauging of solids. 
The final two chapters are on cleaning g2>- 
eous media by cyclones, or by electro-pre- 
cipitation. 

Much of the material in this volume 
falls in fields of work of mechanical or 
metallurgical engineers, and their view- 
points are apnarent. There is no other 
modern book on the general subject of 
size reduction and separation. This book 
is an excellent volume covering this field. 


KENNETH K. KOBE 
University or Texas 
Austin, Texas 
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LINDE rare gases are produced under continuous 
mass spectrometer control to assure you of gases 
of known purity and consistently high quality. 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. 
LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 
nicians and engineers to all of its customers on 
their rare gas problems. 

Write for the booklet, ““LinpE Rare Gases” 
which contains information on the physical, chem- 
ical, and electrical properties of these gases. 


LINDE COMPANY 


Division of Union Carbide Corporation 
30 East 42nd Street New York 17, N. Y. 


In Canada: Linde Company, Division 
of Union Carbide Canada Limited, Toronto 


The term “Linde” 
is a registered trade-mark of Union Carbide Corporation. 


Recognized by 
discriminating chemists 
everywhere as the 
ultimate in design. 
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3600 settings 
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Portable Mount Models 
Panel Mount Models 
Precision Construction 
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RADIOACTIVE ISOTOPES 
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Write for Prices and 
Radiation Safety Suggestions 
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“Quality Products for Atomic Education” 
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STIRRER 
Metal Case Alnico Magnet On/Off Switch 
Speed Control in Case Stirring Bar Extra 


JAMES INSTRUMENT COMPANY 
P.O. Box 757 Newark 1, N. J. 
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PYRIDINE & QUINOLINE DERIVATIVES 
All in Stock 


Many others are available 
Write for free Catalog 
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FOR OPTICAL ROTATION 
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P. O. BOX 446, CALDWELL, N. J. 


CARGILLE 


FLASK HOLDER 
for round bottom flasks 


When pressed 
down into the 
spring wire sup- 
ports, flask re- 
mains upright. 
A great conveni- 
ence if you use 
round bottom 


Several Sizes 


Write for 
prices 


R. P. CARGILLE LABORATORIES, Inc. 
117 Liberty St. New York 6, N.Y. 


Send for our 1957 - 1958 
Catalog listing the finest 
organic chemicals available 
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about cancer? 
It’s time you did! Last year 
cancer claimed the lives of 
250,000 Americans ; 75,000 of 
them lost their lives need- 
lessly because they didn’t 
know the facts of life about 
cancer. 800,000 Americans 
are alive today .. . cured of 
cancer ... because they went 
to their doctors in time. They 
knew that a health checkup 
once a year is the best insur- 
ance against cancer. Make an 
appointment right now for a 
checkup . .. and make it a 
habit for life. 
AMERICAN CANCER SOCIETY 
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DANGEROUS PROPERTIES 


of Industrial Materials 


Edited by N. IRVING SAX, Consultant on Industrial Safety, Nuclear Development Corporation of America 


This monumental volume is the eagerly awaited successor to Sax’s “Handbook of Dangerous Materials.” The 
immediate and outstanding success of the original book was due to the need for a convenient reference work 
on the hazardous properties of chemical compounds and other industrial materials. It enabled chemists, engi- 
neers or non-technical personnel to find quickly whether a given compound or material is dangerous and what 


precautionary measures must be taken. 


The new volume now fills this need to perfection. It is an entirely rewritten and tremendously expanded ver- 


sion of the original work. 


A Bible of Safety Information 


Not only is this the most useful and complete book on the hazards of general chemicals and industrial materials, 
but it also contains invaluable, comprehensive sections on ToxicoLocy AND First Ai; VENTILATION CONTROL; 
PERSONNEL PROTECTION AND PERSONAL HYGIENE; ATMOSPHERIC POLLUTION; RADIATION Hazarps; INDUSTRIAL FIRE 
PROTECTION; STORAGE AND HANDLING oF Hazarpous MATERIALS; REACTOR SAFEGUARDS; ALLERGIC DISEASE IN INDUus- 


TRY; SHIPPING REGULATIONS AND SYNONYM INDEX. 
7” x 10”, 1,746 pages 


Price Until December 31, 1957: $19.50 
Price After December 31,1957: $22.50 


Other Technical Books Just Published ... 


CATALYSIS—Volume 5 
edited by PAUL H. EMMETT, Johns Hopkins University 


Here is the latest volume in the most soundly conceived and 
thoroughgoing reference source ever na wr f on the physical 
chemistry of catalysis and catalytic processing. Volume 5 covers 
reactions of carbon monoxide, the oxo reaction, the direct 
catalytic synthesis of higher alcohols from carbon monoxide and 
hydrogen, the catalytic hydrogenation of aromatic compounds, 
use of hydrogen isotopes in studying catalytic hydrogenation, 
and the hydrodesulfurization of liquid petroleum fractions. 
This book, together with the other volumes of the series, will 
now of tremendous value to physical chemists and to every in- 
ustry in which catalysis is involved. 


1957, 548 pages, $15.00 


HANDBOOK OF CHEMICAL DATA 


edited by F. W. ATACK, Industrial Processes Development Ltd., 
Kingston, Ontario, Canada 


Now . .. the most convenient, pocket-size handbook ever avail- 
able containing the facts all chemists need in their work. B 

virtue of its clear, relevant tables of physical constants an 

properties, the book is exactly what the title implies. It covers 
the whole range of data which are indispensable to the active 
chemist in every field. The small format provides a handy, 
lightweight volume that is easily taken anywhere. The accu- 
rate and readily accessible tables of constants are extremely 
helpful and time-saving even to those who have access to a 
complete library. This is a condensed and revised version of a 
book which has achieved great popularity among chemists and 
chemical workers the world over. 


1957, 4” x 615", 638 pages, $6.75 


CONCISE GUIDE TO PLASTICS 


by HERBERT R. SIMONDS, Consulting Engineer 


Every practical question you have about the uses, properties, 
cost, or sources é all plastics is specifically answered in this truly 
indispensable book. It describes all known American commer- 
cial plastics, including those still in the laboratory stage. It in- 
structs in the selection, use and forms of plastics, and contains 
discussions of which ones best suit particular products. The 
information includes basic data on strength, properties, proc- 
esses, production and prices. All information is presented as 
accurately and briefly as possible. SPECIAL FEATURE: 

e “Concise Guide” also lists the 43 most important plastics 
producers with their addresses, the names of chief officers, com- 
pany organization and background, products, trade names, and 


descriptions of operations. 
1957, 330 pages, $6.95 


CHEMISTRY OF NATURAL 
AND SYNTHETIC RUBBERS 


by HARRY L. FISHER, formerly Director of the Los Angeles 
Rubber Group, Inc. 


All commercial rubbers and their properties are surveyed in this 
book by one of the world’s leading authorities on the chemistry 
of rubber. Covers history and chemistry of elastomers, vulcani- 
zation, acceleration, antioxidation and antiozonation, natural 
rubber, latex, properties of natural and synthetic rubbers, some 
raw materials for synthetic rubbers, hard rubber, bonding rub- 
ber to metal, reclaimed rubber, and chemical derivatives. Rub- 
ber, plastics, and petroleum chemists, and chemical engineers 
will find this an essential book on the subject. 


1957, 216 pages, $6.50 


Send today for your ON-APPROVAL copies 


REINHOLD PUBLISHING CORPORATION ° Dept. M-211 * 430 Park Ave., New York 22, N.Y. 
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Now offered at a special pre-publication price .. . 
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PAPER TECHNOLOGY — ITS CONTRIBUTION TO A GROWING 


In our previous six advertisements we have des- 
cribed most of the important chromatographic 
techniques. Throughout, the emphasis has been on 
the impetus given to organic, inorganic and bio- 
chemical analysis by paper chromatography, and 
on the opportunities for its use that still exist unex- 
ploited in many laboratories. 

In this, the last advertisement of the series, our 
concern has shifted from chromatography itself to 
the paper that makes it possible. A problem the 
paper technologist has to face is the absence of any 
complete theoretical account of what happens to 
solutes and solvents within the cellulose texture. 


H. REEVE ANGEL & CO. 
52 Duane Street, New York 7, N. Y. 


In Europe, Asia and the rest of the world write to: 
H. REEVE ANGEL & CO., LTD. 


PROGRESS IN 


CHROMATOGRAPHY 7 


For many years the Balston laboratories have ex- 
plored, exploited and advanced the technology of 
paper at a pace which has entirely satisfied the need 
for a variety of physical properties embodied in a 
wide range of shapes and sizes. Today an unexcelled 
range of Whatman papers can be offered both for 
chromatography and for its kindred technique, 
electrophoresis. Papers are made in circle, sheet, 
strip and the economical reel form. For specialised 
techniques pattern forms are available or can be cut 
to order. 

Trial packets with a selection of standaid papers 
are marketed for the benefit of laboratories which, 


| Lacking a definitive physical chemistry, he must as newcomers to chromatography, wish to discover 
a apply to paper production not only his technical the most suitable paper for their needs. 
ef) knowledge, but also an empiricism born of con- These and other of the properties and advantages 
siderable craftsmanship and experience. of Whatman filter papers are discussed in the cur- 
a 4 It is entirely due to the technologist’s skill that rent Whatman catalog. You will find it and its 
; : 4 papers have been evolved with the diverse proper- companion Price List useful. Write for free copies 
‘¥" ties required by an ever-growing number of chro- _ to the address below. 
matographic techniques. By closely controlling the 
quality of his products, the technologist has | 
= > produced papers of a purity which compares e 
fe “A favourably with that of analytical chemicals. 
“} In the United States, Canada and Mexico write to: 4 


Wy MAN 


9 Bridewell Place. London EC4. England. ete ie 


SCIENCE 


WHATMAN FILTER 
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MULTI-PURPOSE BALANCE 


DESIGNED TO FILL A DEFINITE NEED, this 
new METTLER balance, called in short the ““H”’ 
balance, closes the gap between the METTLER 
precision scales and the METTLER analytical 
balances. 

The new balances are modern in design with 
a number of major features covered by U.S. 
patents; very easy to use; attractive in appear- 
ance. They weigh by substitution which is the 
basic principle of weighing giving the user the 
best guarantee of accuracy. 

The new balance is available in three 
types. Type H-5, of particular interest to 
schools, has a capacity of 160 grams and a 
precision of 0.1 mg. Price: $650.00 


Be sure to evaluate this 
balance before you buy 
new equipment for your 
laboratories. Write to us 
today for full details. 
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FOR YOUR INFORMATION 


p> beat barnacles 
polefin opportunities 


Beat barnacies 

“Barnacle Bill” is not only the title 
of an old sea song—it’s the price 
ship operators pay for inefficient 
operation due to barnacle-fouled 
hulls. 

Although you can combat foul- 
ing with copper pigments, conven- 
tional copper bottom paints may 
create new problems by accelerat- 
ing the corrosion of steel hulls. 

Mutuat sodium copper chro- 
mate to the rescue: research shows 
that it has both anti-fouling and 
anti-corrosive properties. No sur- 
prise either, because it is a mem- 
ber of the same pigment family as 
“zinc yellow,” a chromate long 
used as a corrosion inhibitor in 
metal priming paints. Anti-fouling 
of course, because it contains cop- 
per. 

This useful combination of prop- 
erties also has led us to test 
Mutua sodium copper chromate 
in preservative combinations for 
wood, cordage, fabrics and paper, 
and in agricultural fungicides. 


Olefin opportunities 
Did it ever occur to you that your 
product might be epoxidizable? 
Or even hydroxylatable? 

What, never? All we mean is 
you can upgrade it with hydrogen 
peroxide; to put you in new mar- 
kets with greater profits. 


A572 


DIVISIONS 
Barrett 

General Chemicai 
Nationai Aniline 
Nitrogen 
Semet-Solvay 
Solvay Process 
International 


hemica 


water-resistant coatings 


With H2Og, you can upgrade 
such olefins as soya bean oil, cot- 
tonseed oil, tall oil, turpentine, lin- 
seed oil or unsaturated petroleum 
derivatives. 

By upgrading, you find yourself 
making resin plasticizers, glycols, 
stabilizers, insecticides, monomers, 
lubricants, waxes, surfactants or 
brake fluids. 

In the epoxidation and hydro- 
xylation processes, hydrogen per- 
oxide reacts with unsaturated ole- 
fins to form a completely different 
class of chemical compounds. Of 
course, hydrogen peroxide has 
been around for some time, but 
recent developments now permit 
broad commercial use of these 
processes. 

Research people working in 
chemicals, plastics and pharma- 
ceuticals will be interested in a 
new Solvay Process Division up- 
to-date review and bibliography 
on the subject. 


Water-resistant coatings 
Paper coaters know that if they 
want to keep a coating from com- 
ing off in water, they must insolu- 
bilize the binder after application. 
Starch, casein, protein and latex 
are the most widely used paper 
coating and sizing adhesives. The 
major advantage of starch is its 
ease of use, but this is offset by its 


pnew urethane booklet 


lack of water resistance. On the 
other hand, although casein, pro- 
tein and latex give good water re- 
sistance, they are more expensive. 

May we suggest a starch coating 
modified with U.F. ConcENTRATE- 
85, for low-cost, water-resistant 
paper coatings. A product of our 
Nitrogen Division, U.F. Concen- 
TRATE-85 is a low-cost, non-resin- 
ous, high-concentration urea-for- 
maldehyde product. 

You can obtain different degrees 
of insolubility by adding 2 to 50% 
to the starch, though 20% gener- 
ally makes an excellent coating. 
Other assets: a simple mixing 
operation, a useable pH range of 
4 to 8. 

We have available a new tech- 
nical paper on the subject, “A new 
product for the insolubilization of 
starch films.” 


New urethane booklet 

In these columns, we've talked 
about what the industry calls “the 
next great synthetic.” Allied’s in- 
terest in urethane materials lies 
with our National Aniline and 
Barrett Divisions, which produce 
the key chemicals—diisocyanates 
and polyester resins respectively— 
used in making these versatile 
plastics. Now we have a new 
booklet available on urethane ma- 
terials, detailing their applications 
and their future. 


Mutuat and U.F. Concentrate-85 are Allied 
Chemical trademarks. 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development. 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
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Diameter, cm. 
Ash per circle 
Cin milligrams) 


"FILTER PAPER DATA FOR QUICK REFERENCE _ 


Valuable up-to-date Quick Reference Catalog 
gives filter paper data at a glance. Eight color pages. 


e Sections on filter paper: Ash Free (less than 


0.007% ash); Qualitative; Hardened and 


_ High Wet Strength; Folded; Miscellaneous and Filtration 


Specialties. Description of each paper, uses, 
circle diameters, sheet sizes. INCLUDES HANDY 


$a FILTRATION CHART showing retention values. 


Send for your S&S Quick Reference Catalog now 


| ‘vouRS FREE 


5#$ Analytical Filter Papers 


filtering. 
Pts Standard grade in the laboratories ofthe 


CARL SCHLEICHER co. 
Keene, New Hampshire 


FILTRATION CHART 


H 


— 
= § 


Carl Schleicher & Schuell Co. 
Keene, New Hampshire . Dept. JC-712 


(Name) (Position ) 
(Company ) 
(Address) 
(City) (State) 


(0 Also send S&S Analytical Filter Paper Sampler 


SS QUANTHATIVE QUALTAIVE 

i, 
ASH FREE FILTER PAPERS 
Didmeter, cm, 5% | 7 " 12% 15 18% 
Ash per circle aS s a 
ration and 
i Ash per circle a 4 a2 2 
ive 
ore 
fer 
Specify SS ANALYTICAL FILTER! PAPERS 
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Both the Beckman double-beam IR-5, shown here, and the IR-6 are priced 
below $5,000, making infrared analysis available to every laboratory. 


FINGERPRINT ORGANICS AT THE BENCH 


with Beckman IR-5 and IR-6 Infrared Spectrophotometers 


The unique identifying characteristics of many com- 
pounds—especially the organics—are best fingerprinted 
by infrared analysis. From the more than 1,000,000 
known chemical compounds, thousands of infrared 
spectra have already been obtained and cataloged for 
ready reference. Backed with this reference library, 
Beckman’s new low-cost automatic recording spectro- 
photometers—the double-beam IR-5 and the single-beam 
IR-6—now bring infrared to the chemist’s bench. 


IMPORTANT FEATURES 
*Flat-bed recorder . 
*Full-sized chart 
*Hermetically sealed monochromator ............ eee 
*Constant-circulating air dryer ............... 
Simple push-button-type controls 
Wavelength range: fingerprint band-2 to 16 microns... ¥ 
Optimum scanning speed: 16 min. for full scale ...... ” 
Pinpoint resolution: 0.03 at 10 microns ....... mons 
Desk-top size: 30”x 14”x 24”......... 
Lightweight: 100 Ib. 
Wall-plug power: 115/120 volt, 60 
Complete line of accessories ..................eeeeeeee 


*Exclusives tNot needed with double-beam 


Beckman—producer of the versatile and popular IR-4 
—offers the IR-5 and IR-6 at one-third of big instrument 
prices. Emphasizing simplicity of operation, these new 
instruments maintain Beckman’s high standards in 
accuracy, reliability, and reproducibility. 

For rapid qualitative or quantitat*~e analysis in re- 
search, education, or industry—the IR-5 and IR-6 are 
new tools for the chemist, extending his use of spectro- 
scopy beyond the range of ultraviolet and visible light. 


THE DOUBLE-BEAM 1R-5. For rapid qualitative scanning. Accurate 
quantitative data made possible through use of a densitometer. 
THE SINGLE-BEAM 1R-6. Especially useful in routine quantitative 
analysis. Application to qualitative work is enhanced by com- 
pensated background feature. 


For typical IR-5 and IR-6 applications and a more complet: 
story on infrared analysis, write for Data File L-39-36. 


Beckman 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File 10. 
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TESTED 
DEMONSTRATION 


REVERSION OF THE SYNTHESIS OF UREA CA Chem Hd 


Submitted by: Roderick Scheer, Waldoberschule (Gym- 
nasium) Charlottenburg, West Berlin 

Checked by: Albert K. Sawyer, University of New 

Hampshire 


PREPARATION REMARKS 


Prepare 100 ml. of a 1 M solution of urea in distilled 


water. Provide two 50-ml. beakers, 0.1 17 AgNO; The Wohler synthesis is a reversible reaction. 

solution, and two platinum wire electrodes arranged in NH,-OCN = NH.-CO-NH; 

series with a lamp so as to test for conductivity using . ; . 

dinect or Gubvent Upon heating urea, ammonium and cyanate ions are 
é produced. 


DEMONSTRATION 


With the two beakers about */; full of urea solution SOURCE 


make the following tests: Wacker, J., ano F. J. Hamsuey, J. Chem. Soc., 67, 746 (1895). 
(1) Try to pass a current through the solution in one ScueeEr, Roperick, Praxis Chem. 5, 56 (1956). 

beaker with the result that the lamp remains dark. 

Remove the electrodes and add silver nitrate solution 

dropwise during which no precipitate forms. 
(2) Boil the urea solution in the other beaker for 

several minutes and make the conductivity and the 

silver nitrate tests as before. In this case the lamp 

lights and a white precipitate of silver cyanate forms. of 1067 


TESTED 
CATALYTIC DECOMPOSITION—A Peroxide Rocket (4 Chem Hid 
ICH 
Submitted by: R. E. Dunbar, North Dakota State College, Fargo 
Checked by: Robert L. Amundsen, Holt High School, Holt, Michigan 
CSN 
e new A strong 4-ounce gas bottle is closed with a 2-hole stopper. A short ws 
ds in length of 6- or 8-mm. glass tubing is fitted into one of the stopper openings 
and a straight medicine dropper into the other. A small “rocket’’ is 
“ re- improvised from a cork and matchstick or similar small piece of wood. 
6 are 
ectro- 
DEMONSTRATION 
curate A small amount of powdered manganese dioxide is placed in the gas 
ol bottle. The 2-hole stopper, with attached tube and medicine dropper, is 
r com- firmly placed in the mouth of the bottle. The matchstick end of the 
“rocket” is dropped into the upper end of the glass tube. The introduc- 
mplete tion of a few drops of 30% hydrogen peroxide will generate sufficient 
oxygen and steam to propel the “rocket” several feet into the air. 
REMARKS 
ion 
Obviously the rocket should not be pointed at anyone’s face, or toward 


fragile objects. The demonstration can be repeated several times by the Guam 
addition of more hydrogen peroxide before the bottle needs to be re- 


charged with fresh manganese dioxide. 


{TION 
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i Journal of Chemical Education - December, 1967 
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Nuclear-Chicago offers complete new 
nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// automatic counting systems. 

new instruments that have been added to the Nuclear- Whether you are just starting a modest radioisotope 
Chicago line now offered to the small orlargenucleonic _—_ laboratory or expanding present facilities, call on 
research laboratory. Among these high-quality ad- | Nuclear-Chicago. For complete details on the new 
vance-design instruments are many completely | Nuclear-Chicago line, write for our new Catalog “Q””’. 


5 Model 2612P Portable Survey Meter con- 
tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


1A Model DS5-3P Scintillation Detector 
with exposed 2” x 2” sodium iodide 
crystal and 1B Model 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


Model DS5-5 Scintillation Well Counter 
6 Model 2586 ‘‘Cutie Pie'’ features inter- 


changeable ionization chambers for 


with exclusive ‘‘scaler-spect 
circuit and 2B Model 1820 Recording 

measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 


Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 


Model 183B Count-O-Matic Binary , 
Scaler, 3B Model C110B Automatic 4A Model 3054 Manual Sample Changer with Model DS5 7 Model 1620A-S Analytical Count Rate 


Sample Changer with Model D47 Gas Scintillation Detector which features interchangeable Meter offers a wide choice of full scale 
Flow Counter, and 3C Model C111B alpha, beta, or gamma sensitive crystals connected to ranges, four time constants, wide range 
Printing Timer for completely auto- Nuclear-Chicago's finest scaler, the 4B Model 192A high voltage supply. It is shown with a 
matic changing, counting, and record- Ultrascaler. Model 192A features decade scale of 10,000, Model D34 thin window G-M tube and 
ing of as many as 35 soft beta emitting one millivolt sensitivity, and precision automatic P11 probe for continuous monitoring or 
radioactive samples. circuitry. analytical radioactivity determinations. 


4 


nuclear - chicago 


co Ff FP RF AO Tt oo 


® 239 WEST ERIE STREET CHICAGO 10, ILLINOIS 
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Presenting . . . a new addition to the 
distinguished Cartesian Manostat family 
... the #6A. Newly designed with the 


jeter con- toggle valve an integral part of the 
instrument, it provides absolute tightness 
saiiuene of the set pressure! 


Like all Cartesian Manostats, #6A 


ciation “down assures absolute 


de range 


in with a simple and fool proof operation. 


ube and 
oring or 


™ |CARTESIAN MANOSTAT #6A 


the setting. This new feature provides t 


_ 15077 Cartesian Manostat #6A, all For Complete Information Write Your Laboratory Supply Dealer 
stainless steel, delivered with directions 


for use but without 


o 


LLINGIS *Patent Pending DEPT. 222, N. Y. 13, N. Y. 
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PERKIN-ELMER PRESENTS 


The development by Perkin-Elmer of the new Infracord* Spectrophotometer means 
i more than just low-cost, simplified infrared analysis at the bench chemist level— 
Ag When teamed up with P-E’s well-known Model 21, the Infracord Spectropho- 
tometer opens up a whole new concept in analytical programming. Here’s how: 


_ Infracord-Model 21 Team Speeds Up Results— With Infracord 
s.. instruments available to the bench chemist, routine analytical 
problems are solved right on the spot, with no time-consuming 
delays for full scale analysis at the central analytical lab. Using 
an Infracord Spectrophotometer, a chemist with no formal 
a ._ infrared training can make intermediate checks on the progress 
a of his work and confirm his results at its completion—all at a 
considerable saving in time. 


Boy Model 137 Infracord Spectrophotometer—a low cost instrument 
, energy, short path length and resolu ssa 

Bs Skills—Freed from the routine analyses that make up 70% of good qualitative and quantitative analysis. Rugged and compact, 
ae : ; lyti the Infracord gives the chemist a fast answer and permanent 
their work, spectroscopists at the central analytical lab are able 

= to use the unmatched scope and sensitivity of the Model 21 to - 

: 4 ; solve more complex analytical problems. By upgrading the level 
of the central lab’s work, the skills of trained infrared specialists 
are now fully utilized and research goals are more quickly 


realized. 


The speed, simplicity and analytical versatility of the Infra- 
mee cord and Model 21 Spectrophotometers also make them an ideal + ; 
combination for raw materials checks, process development and | 


; . in- ld’s leading manufacturer Model 21 — the standard instrument for infrared analysis; a dou- 
quality control. Perkin-Elmer, the wor 8 ble beam recording spectrophotometer offering complete flexi- 


of infrared instruments, can help you effect important savings __ bility in resolution, spectral presentation and recording speeds, 
P 4 . and a complete range of accessories, including scale expansion 
in laboratory time and process efficiency through the use of an {gr trace analysis. Calibrated wavelength with standard optics 


eat Infracord-Model 21 instrumentation program. For further infor- covers both the near infrared and the fundamental regions of the 
‘ if spectrum. The Model 21 is used in more industrial and academic 
mation write us at 870 Main Avenue, Norwalk, Conn. laboratories than any other infrared instrument. 


*T. M. Perkin-Elmer Corporation 


INSTRUMENT DIVISION 


Perkin-Elmer 


NORWALK, CONNECTICUT 
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FOR THE LATEST NEWS 
ON INSTRUMENTATION 


for your regular SP REVIEW 


strument 
provides 
ssary for 
compact, 
manent 


trifuge- 
without 


Model HT 
50 mi tube 


g-place hea 


a dou- 

flexi- 

speeds, 

bansion 
optics Scientific Products 

: of the $/P Reviews will bring you valuable and Division of American Hospital Supply Corporation 


Department CE * 2020 Ridge Avenue « Evanston, Ill. 
Please place my name on your mailing list for SP Reviews. 


ademic newsworthy information on the latest 


laboratory equipment and technics—including 
special savings and values on approved 
supplies and instruments. 

To receive your free S/P Reviews, just fill out 
and mail coupon at right. 
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IS 
N with full nstrumentation 3 
An outstanding addition the most 
complete line of Centrifuges in the industry! 
autotransforme! speed control, combination ammeter 
F and electric tachometer automatic timer, timer 
cutout switch, low voltage release and pilot light, 
\ steel guard powl. 
| e Speeds uP to 17,000 forces uP 34,300 XG- 
\ Exclusive remote control—instrument panel easily removed for 
connection to centrifuge by extension cord. 
{ pee : e Completely sealed 8 x 50 ml head. Adapters available for 10 
j and 15 mi tubes: Self-balancing controlled drive | 
eliminates need for balancing head. 
Unit is 21 in. highs 14 in. wide, 17 in. deeP- y, motor. 
° For 115 volts AC, je single phase- 


Facts you should know about 


KIMAX’ and KG-33 “hard glass” 


KIMAX—tor durability... KIMAX, Kimbles KIMAX—interworkable with existing 
new laboratory glassware made of tough, hard KG-33 “nard glass" stock... Kimax glassware is com- 
borosilicate glass, offers highest standards of thermal pletely interworkable with your present “hard glass” 
and mechanical shock resistance .. . has great resistance apparatus because it has the same coefficient of expan- 
against chemical attack. sion. Therefore, it will not obsolete your present stock. 


Physical Properties of KG-33 “hard glass” 
Strain Point 515°C 
KIMAX : Annealing Point 555°C 
Linear Coefficient of Expansion (from 0 to 300°C), per 1°] 932x107” 
Density 2.23 
ang Refractive Index—Sodium (0D line) 1.47 
ing Tec hniques, KiM AR Visible Light Transmission, 2 mm thickness 92% | 


‘ease: of repairing, Specific Heat (in g. cals. per g. deg.) 
-- Modification to suit yo 
special requirements. Thermal Conductivity (in cals. per cm. cube per 1°C) .0028 


(25 to 175°C) 


For full infevieation about Kimble’s new KIMAX boro- 
silicate glassware line, write Kimble Glass Company, 
subsidiary of Owens-Illinois, Dept. JE-12, Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE O WENS -ILu NOIS 


AN @ PRODUCT GENERAL OFFICES +- TOLEDO 1, OHIO 
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6s. IONIZATION 


(Continued from November) 


A. CONDUCTIVITY APPARATUS (Continved) 
Metered conductivity 


6-4s 


Various devices. (a) Simple milliammeters. (1) A 0-250 
milliammeter mounted on a panel board in series with a 
6-volt battery; '/2” Pt electrodes 1” apart. (PETERSON, 
B. H., 9, 923 (1932).) (2) A box assembly, Readrite 
0-200 ma. meter, radio pilot light, switch, and 6 mm. X 
6” graphite rods fastened with set-screws into brass sleeves 
giving horizontal and vertical adjustment. Also, four 
0-1 amp. Readrite meters, knife switches, battery clips 
with cell electrodes mounted on a board, with wires on the 
underside and circuits painted on top to furnish a tandem 
of electrolytic cells. (Conxkuin, R. B., Marton, S. P., 
and Wriaut, D. D., 24, 393 (1947).) 

(b) Direct reading of apparent degree of ionization. 
See Dems. 6-9s-b and 6-11s-a for descriptions of apparatus 
so designed that the meter readings correspond numerically 
to the apparent degree of ionization. 

(c) Power transformer. A110 volt a.c. input feeds a radio 
6.3-volt, 3-amp. filament power transformer; the input 
goes through an 0-250 a.c. milliammeter connected in series 
with two electrodes; the use of a.c. eliminates polarization; 
use solutions <0.5 N. (McGutre, W. S., 17, 381 (1940); 
see Dem. 6-8s-a.) 

(d) Electrolyte layers. See 6-15s. 

(e) Galvanometer. Primary circuit is 110 volt a.c. with 
Pt or C electrodes through a 2000 ohm variable resistor to 
limit flow of current. Secondary current is metered; 
it is kept below 70 volts by a GE germanium diode, and 
read off on a student-type galvanometer. (Bourn, A. S., 
27, 548 (1950); see Dem. 6-16s-a. ) 

(f) Microphone. Dipping electrodes, Wheatstone bridge 
telephone receiver, and microphone hummer device. 
(Mitter, J. G., and Lucassg, W. W., 22, 565 (1945); see 
Dem. 6-8s-b.). 

(g) Cathode ray detector. A simplified cathode ray 
a.c. bridge detector offers visible means for detecting mini- 
mum point. (Hovorka, F., and MENDENHALL, E. E., 16, 
239 (1939). ) 


B. CONDUCTIVITY MEASUREMENTS 
Conductivity of different substances 


6-5s 


Acid + metal (chemical reactivity). (a) Three rubber 
balloons, each containing 15 pieces of '/,” Mg rod '/.” 
long, fastened over three 500 ml. flasks containing 200 ml. 
of 2N HCl, 200 ml. of 2N H.SO,, and 200 ml. of 2N HOAc 
respectively. Simultaneously dump in the metal: in one 
minute the balloons will swell to 5”, 4” and |” dia. re- 
spectively. Compare this with their relative electrica! 
conductivities. (Watton, J. H., 8, 303 (1931).) 

(b) See Dem. 6-13. In comparing conductivities of 
HCl and of HOAc (1) equal normalities should be used 
and (2) the HOAc reacts faster with Mg than is expected; 
at conc. IN HCl: 1N HOAce, at pH’s 0:2.38, the H* con- 
centration ratio is 250:1, but rate of reaction ratio is 8:1; 
this is probably due to diffusion effects. (SeeGER, W., 33, 
149 (1956).) ALtyEa: true, and this should be pointed 
out to the student. Dem. 6-13 is comparing 3N HCl 
with 0.8N HOAc (vinegar is 5% HOAc in the U.S.A.); 
in a rigorous demonstration the HCl should be diluted 
four-fold. 

(c) Cylinders of Mg were rotated in 0.01 M HCl and in 
a buffered solution (1.7 M formic acid + 0.1 M sodium 
formate) with H* concentration of 0.005 M: evolution 
rates were 0.5 ml. and >100 ml. 

See article for data which indicate that in weak acids 


6-7s 


Prepared from the JOURNAL OF CHEMICAL EDUCATION (1924-1956) by Hubert N.. 


Mg reacts with the molecular forms of formic, acetic, 
monochlor-acetic, and glycollic acids, and with NH,* 
which in the Brgnsted sense is an acid. (Krupatrick, M., 
Jr., 8, 1566 (1931).) 
Strong versus weak electrolytes. (a) Using apparatus 
from Dem. 6-4s-a-1, the relative conductivities of 0.5N 
acids give the following currents: HCl, 165 milliamps.; 
H.SO,, 135; H;PO,, 65; H:CO;, 63; and HOAc, 5. 
(Peterson, B. H., 9, 923 (1932).) 

(b) Using apparatus from Dem. 6-2s-a, multiple elec- 
trodes and two lamps, permit a comparison of conductivi- 
ties of different electrolytes. (Brown, F. E. and Bick- 
ForD, W. G., 14, 384 (1937).) 

(c) Using apparatus from Dem. 6-4s-b, measure the con- 
ductivities of equimolar solutions of HCl, H:SO,, and 
HOAc. (West, L. E., and GaHuer, A., 19, 366 (1942).) 

(d) Using apparatus from Dem. 6-4s-f, compare equi- 
molar solutions of KCl, HOAc, and monochloracetic acid- 
aq., (Mrtuier, J. G., and Lucassg, W. W., 22, 565 (1945).) 
Toluene versus water. See Dem. 6-3s where neon bulb 
shows distilled water conducts whereas toluene does not. 


Effect of dilution on conductivity 


6-8s 


6-93 


General. (a) Using apparatus from Dem. 6-4s-c, the 
increase in equivalent conductivity upon dilution of a 
strong electrolyte can be readily demonstrated. (Mc- 
Gurre, W. S., 17, 381 (1940).) 

(b) Using apparatus from Dem. 6-4s-f, test (1) 0.19 g. 

KCl + 50 ml. HO (N/20 KCl) and this to which 50, 100, 
and 200 ml. H:O is added to give N/40/N/80 and N/160 
KCl, and (2) 50 ml. of 0.1N HOAec to which 50,100, and 
200 ml. H:O is added, to give N/10, N/20, N/40, and N/80 
HOAce, and (3) 0.23 g. monochloracetic acid + 50 ml. 
H:O (N/20) diluted as in (1). Data and calculations in 
article. (Muituer, J. G., and Lucassg, W. W., 22, 565 
(1945).) 
Acids + water. (a) Using apparatus from Dem. 6-4s(a)-1 
upon diluting 1N H.SO, 4, 16, 64, and 128-fold gives con- 
ductivities ot 210, 122, 50, 15, and 8 respectively. This 
gives values for dilution X conductivity of 210, 488, 800, 
960, and 1024, which when plotted against dilution gives 
the approach to maximum dissociation upon dilution. 
(Peterson, B. H., 9, 923 (1932).) 

(b) Direct reading of apparent degree of ionization. 
(1) Principle. Current from two storage batteries is sent 
through 50 cms. of 0.01M HCl in a 2 X 7.5 X 7.5 cm. 
conductivity cell, with 1 X 2.24 cm. Pt electrodes adjusted 
so that 9.7 milliamps. pass. With this setting, the value 
of amps./molarity = apparent degree of ionization, 1.e. 
0.0097/0.01 = 97% apparent degree of ionization. (2) 
Measure a series of solutions from 10M to 0.0001M HCl, 
and calculate as in (1). (3) Measure a series of solutions 
of H.SO,, using 4 volts potential, 36 ml. of 0.05M H.SO,, 
and 32 milliamps.; this corresponds to 0.0032/0.05 = 64% 
apparent degree of ionization. (4) With HOAc, conduc- 
tivity is so small that a factor of 10 must be introduced: 
12 volts, 0.1M HOac, and 13.5 milliamps is used; the ap- 
parent degree of ionization, (with the 10-fold correction) is 
0.00135 X 10/0.1 = 1.35%. (West, L. E., Ganuer, A., 
19, 366 (1942).) ALYEA: a good experiment, but attempt it 
only if you are prepared to spend an hour explaining the 
theory involved. 

(c) Two 100-watt light bulbs wired in parallel so their 
brightness can be compared; wire each in series with two 
pairs of Cu wire electrodes. With conc. H,SO, the light 
grows progressively dimmer as the electrodes are moved 
more than 4.5 ems. apart; with dil. H,SO, this does not 
occur even with electrodes 14 ems. apart. (MILER, S. P., 
26, 317 (1949).) But ViswaNnaTHAN, A., and SouNDRARA- 
gan, 8S. P. (27, 107 (1950)), report that with 220 volts a.c. 
electrodes >13 inches apart with both conc. and dil. acids 
were necessary for success. 


DEMONSTRATION ABSTRACTS 
Alyeo 
S | | 
| 
sting 
"glass 
O 
t stock. = 
15°C 
55°C 
20°C 
23 
47 | 
758°C) 
28 
ATION 


6-10s Glacial HoAc + water. (a) Glacial acetic acid, colored 
brilliant red with fuchsin, flows from a dropping funnel 
ia) into a battery jar of water having 2 electrodes in series with 
a lamp: no conductivity for water or glacial acetic acid 
alone, but the mixture does conduct. Doubling the 
amount of H.O increases conductivity, showing effect of 
dilution. (GitBert, E. C., and Prass, C. 4, 1297 
(1927).) 
ee (b) Long Cu electrodes in tall cylinder of glacial HOAc; 
“g lamp and ammeter in series; add distilled water, with 
stirring: conductivity increases. S. B., for 
Quinn, E. L., 17, 469 (1940).) 


6-1ls Salts + water. (a) (1) Principle. Power from the a.c. 
line is stepped down to a few volts by a bell transformer. 
One portion of the secondary energizes a pilot lamp, the 
other is connected across a radio-type 15-ohm potentiom- 
eter with scale; in this way any a.c. voltage up to 2.5 may 
be applied to the electrodes. The current flowing is read 
on a 0-1 milliammeter, and is so regulated that readings 
correspond numerically to equivalent conductance (See 
Dem. 6-9s-b). See article for micro-electrode system. 
(2) The micro-electrodes are placed in 10 ml. H,O + 10 ml. 
0.1N KCl (0.1864 g. KCl in 250 ml. solution), and the volt- 
age is adjusted until the current at 18.5°C. is 0.96 ma. 
(corresponding to 96% apparent dissociation). Concen- 
tration is then varied by adding to 10 ml. water increments 
ot 0.2 ml. of 0.1N KCl until 1 ml. is reached, then incre- 
ments of 0.5 ml. until 5 ml. is reached, and finally incre- 
ments of 1 ml. until 10 ml. is reached. The relative con- 
ductivity is plotted against the square of the concentration; 
a straight line is obtained. See article for calculations. 
(Srock, J. T., 31, 410 (1954).) 
(b) Using apparatus from Dem. 6-1s-e-3 show that as 
* water is added to salt, conductivity at first increases, then 
oe, decreases as the solution is diluted further. (Sursr, H. A., 
and Kar ser, L., 32, 640 (1955): see also, SCHMUCKLER, 
J.S., and Scuenck, R. C., 33, 506 (1956).) 


' Change in conductivity during chemical reaction 


6-12s General. U-tube with Hg to separate the solutions; 
“fh dry-cell carbons imbedded in candles for electrodes; cur- 
a, rent passed through a lamp. Compare brightness of lamp 
kt as electrodes are alternately lowered into the Hg. Tip the 
Ns, tube to mix the solutions, and re-test conductivity. 
(Wixxs, W. T., 18, 47 (1941).) 


nie 6-13s Neutralization. Use apparatus from Dem. 6-2s-a. Send 
re current through solutions, registering the sum of their con- 
bed ductivities; then mix the solutions and measure the con- 
oye ductivity of the mixtures. Solutions: (1) 125 ml. distilled 
see water, (2) 25 ml. dist. water + '/2. drop cone. HCl, (3) 
oh 25 ml. dist. water + 3 drops conc. NaOH, (4) 25 ml. dist. 
ad water + 2 ml. glacial HOAc, and (5) 25 ml. dist. water + 
5 ml. cone. NH,OH. (a) Dilution: mix 1 + 2, 1 + 3, 
Pe’ 1+ 4,and1+ 5. (6) Neutralization: mix 2 + 3, and 
"i - 4 + 5. (c) Complex formation: test (i) 10 ml. NH,OH 
he in 50 ml. H,0, (ii) AgCl suspended in water, and (iii) (i) 
ed added to the solid from (ii) (Brown, F. E., 25, 256 (1948).) 


6-14s Ba(OH), + precipitant. (a) Same as 6-14 but using a 
lamp instead of an ammeter titrating Ba(OH)-aq. + 
Bd phenolphthalein with dil. H,SO,: the lamp gradually dims, 
pa goes out at the end-point of the titration, and brightens 
again from excess H2SO,. (McCue.uanp, F. D., 7, 1579 
(1930). ) 
aN. (b) Same, but bubble CO, through Ba(OH)2: a pre- 
; cipitation of BaCO; occurs. (ARENSON, S. B., for KoEnte, 
a A. E., 18, 168 (1941).) 
(c) Same, but adding Al.(SO,); to Ba(OH)2, and Ba(OH)» 
to H.SO,, and to H.SO,. A minimum of con- 
2 ductivity is reached in the first two, but not in the third. 
(Gunn, E. L., 17, 385 (1940). ) 


6-15s Metathesis. Place three layers of solutions in a battery 
jar, and measure conductivity before and after mixing, 
using 8-120 volts d.c., a 0-1 amp. meter, with two 20-gauge 
sheet-copper electrodes covering each end of the rectangu- 
lar jar. Add the upper-layer solution first: it is 0.1N of a 
salt. Next add the middle layer: it is 1 g. red aniline + 
500 g. cane sugar + 2 liters HO. Finally run in the bot- 
aa tom layer from a separatory funnel: it contains 300 ml. 


of 0.1N of a salt + 150 g. sugar. Types of salt pairs for 
the upper and lower levels, and the resultant change in 
conductivity upon mixing follow. (a) KCl/NaNO; at 
12 volts: no change upon mixing. (b) NH,Cl/NaOH at 
16 volts: decrease. (c) HCl/NaOAc at 8 volts: decrease. 
(d) HOAc/NH,OH at 48 v.: increase. (e) NaOH/HCl 
at 8 volts: decrease. (f) AgeSO,/BaCl. with distilled 
water and carbon electrodes at 72 volts: decrease to zero. 
(g) A thin layer of glacial HOAc over H:20: increase. 
(ARENSON, 8. B., for Fenton, C. L., 17, 469 (1940).) 

6-16s Conductimetric titrations. (a) Use apparatus described 
in Dem. 6-4s-e. Demonstrate (1) conductivity of solutions 
compared by determining the number of ml. of solutions 
of equal normality to produce a certain scale reading, (2) 
conductimetric titrations, (3) study of indicators suitable 
for a titration, (4) determination of normality more ac- 
curately because of sharper end-point with meter. (Bourn, 
A. S., 27, 548 (1950). ) 

(b) Apparatus described by Buras and Rerp (Ind. Eng. 
Chem., Anal. Ed., 16, 591 (1944) for student use for con- 
ductometric titrations. (THomas, E. B., and Nook, R. J., 
29, 491 (1952).) 


Conductivity in non-aqueous solutions 
6-17s (a) Use 1.8” Cu rods in series with 30-watt lamp for non- 
aqueous solutions. (Cornog, J., 5, 99 (1928).) 

(b) Pt electrodes with galvanometer and lamp. Solidify 
glacial acetic acid, reject liquid, and add acetic anhydride 
to remove any moisture. Use this anhydrous HOAc in 
testing the following substances for conductivity. (1) 
Anhydrous HOAc: non-conducting. (2) NaCl in HOAc: 
the galvanometer deflects, but the lamp does not light. 
(3) NaOAc in HOAc: greater galvanometer deflection, 
but the lamp still does not light. (4) KI in acetone: 
lamp lights, brown I; at anode, K at cathode reacts with 
enol form of acetone to liberate H,. (Castxa, J. F., 17, 
487 (1940).) 

(c) (1) Neon bulb, Dem. 6-3s, Cu electrodes in 0.1M 
H.SO, in glacial acetic acid: tbe bulb glows faintly. (2) 
Add a few drops of Tropeolin indicator 00 to (1) and titrate 
with 0.1M NaOAc in glacial HOAc: at the end-point the 
Ne lamp grows suddenly bright, and the indicator turns 
from yellow to purple. (Mutter, S. P., 27, 594 (1950).) 


Conductivity of fused salts 
6-18s Molten glass. Show that a piece of glass tubing will 
conduct electricity when softened in the Bunsen flame. 
(Weaver, E. C., 17, 346 (1940).) 
6-19s Fused salts. (a) Use d.c. current, K2Cr2O; in a crucible 
over burner: the solid does not conduct, the melt does. 
Also NaOH, AgNO;, or NaCl with iron electrodes, heated 
in an iron crucible. (Casrxa, J. F., 17, 487 (1940).) 
(b) KNO; in a crucible does not conduct until melted; 
loses its conductivity upon re-solidifying. (Stons, C. H., 
19, 598 (1942).) 
(c) NaCl in a porcelain crucible: molten salt conducts. 
(DaMEREL, C. I., 29, 296 (1952). ) 


C. MIGRATION OF IONS 


Qualitative demonstrations 

6-20s (a) Fill the bottom third of an 8” U-tube with a gel con- 
taining 2 g CuCrO, + 300 ml. H:O + glacial HOAc added 
in ml. lots till clear; heat to boiling, then add 8 g. Bacto- 
Agar. (b) On top of this, in each limb, form 2'/2” layers of 
another gel containing 8 g. Bacto-Agar + 200 ml. boiling 
water + powdered K2S0Q,; solution cooled to 10°C.; then 
add 5 ml. cone. NH,OH. (c) Cover both gels with 25 ml. 
H:O + 10 g. KNO;. (d) Insert Pt electrodes, pass 110 
volts d.c. in series with a 250-watt bulb for 30 minutes: 
one side forms increasing amounts of blue Cu*+*, the other 
forms yellow CrO,™, the middle becomes colorless as CuCrO, 
disappears. (e) Reverse the poles and pass current half 
an hour: the colors are restored. (ZuFFANTI, S., 13, 396 
(1936), abstracted from Sch. Sci. Math., 36, 502 (1736).) 
See also Dem. 6-35s. 


(Topic 6s will be continued in the January issue) 
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BETTER EMBEDDING 


with the 


“HUETTNER” 
PARAFFIN 
OVEN 


An efficient and reliable paraffin embedding oven incorporating many 
features not found in other ovens. Constructed of rust-proof, non- 
corrosive metal and heated by a nickel-chromium heating element. 
Temperature range is from 30°-85° C. and controlled by a reliable 
thermostat. Pilot light indicates when current is off or on. Oven is 
provided with a tank to hold and dispense filtered paraffin, an embed- 
ding shelf and a separate drying chamber for fey slides. Inside 
dimensions: 15” wide x 8” high x 6” deep. 
Cat. No. JC-81300 HUETTNER PARAFFIN OVEN 


Complete with thermometer, cord and plug. 
For use on 115 volts, A.C..... Each $70.00 


For 
Research 
and 
Student 
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TANDARD SCIENTIFIC fom 


NEW YORK 3,N.Y. 


BETTER DRYING 
with “STANDARD” WARMING 


Can be used for keeping stains at 
proper temperature for silver nitrate, 
fulgen, mallory and other reactions. 
It has been designed to meet exacting conditions for embedding tis- 
sues, spreading paraffin sections and drying slides. Has many uses 
where temperature controlled heat is essential. Temperature range 
adjustable from room to 70° C. by thermostat. Heavy copper plate: 
9” x 20” accommodates 60 slides. Rigid construction height—4 
inches. Easy-to-read thermometer. Pilot Light. 


Cat. No. JC-74500 STANDARD WARMING TABLE 


Supplied complete with thermometer, plug and grey japanned 
cover. For use on 115 volts, Pach $75.00 
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LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


MULTI-RANGE—40 ranges. 


© MULTI-SPEED—9 standard chart speeds with 
provision for optional 1-5 range multiplication 


Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 


tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel as- 
sembly, amplifier and power supply chassis, and chart and 
pen drive chassis unit. 

Automatic null balancing potentiometric system with 

standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury 
cells. Use of the latter obviates need for standardization 
over very long periods. 
Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. ; 

Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 

Chart Drive: Forward drive recording, reverse drive re- 


or 5-1 range reduction. 


VOLTAGE OR CURRENT RECORDING—for 

measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


FLEXIBILITY OF APPLICATION 
DESIGNED FOR BENCH OPERATION 


a 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4%, 4%, 1, 11%2, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for automatic synchro- 
nization of external devices with recording. 

Pen Speed: 1.8 seconds full scale. Other speeds can be 
provided on special order with change of motors. 
Bridge: Special Sargent specification, ganged Helipot with 
resolution several times common commercial practice, 
Provision for coupled transmitting potentiometer for out- 
put to integrating circuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 2112 inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

$-72150 RECORDER — Potentiometric, Sargent. Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; input cable assembly; syn- 
chronous switch cable assembly; plastic dust cover; spare 
ring for take-up mechanism; spare pen drive cable as- 
sembly; and fuses. For operation from 115 volt, A.C. 
single phase, 60 cycle circuits..............$1725.00 


SARGENT 
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E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 


JOURNAL OF CHEMICAL EDUCATION 


Ele 
is 
uni 
ind 
le 
chs 
die 
tin 
> 
str 
: of 
det 
no 
4 
> 
is 
col 
Bu 
Ill 
Ore. 
ful 
int 
re 
> 
sti 
col 
> 
St 
su 
4 
ane el 
de 
ta 
Vi 


with 
ication 


yr 


ay 
to 


opped 
rapid 


nd 12 
irs on 


OXi- 
rapid 
chart 


with 
chro- 
in be 
with 
tice, 
knob 
ight, 
175 
syn- 
pare 

as- 


A.C. 


TION 


When writing for additional information about new 
products or for new literature, your inquiry will receive 
prompt attention if you write on your firm or Institu- 
tion letterhead and mention the Journal of Chemical 
Education and the date of the particular issue. 
Pamphlets, booklets and similar literature are gratis 
unless otherwise specified. 


p A new automatic balancing and record- 
ing colorimeter, known as ABARC, is 
now available from the Mission Instru- 
ments Co., Box 801, Glendale 5, California. 
Its function is primarily absorption meas- 
uring for colorimetric determinations on 
transparent liquids, glass and plastics over 
a spectral range of 400 to 800xu. 


p» A new, improved Muffle Furnace for 
operations requiring temperatures to 2600° 
F. has been announced by Hevi-Duty 
Electric Co., Milwaukee 1, Wisconsin. It 
is a complete self-contained, compact 
unit with all the necessary temperature 
indicating and accurate control devices 
located in the pyramid type furnace base. 
Power input is controlled by a 48 step tap- 
changing transformer. A pyrometer in- 
dicates the chamber temperature at all 
times. 


> The Model II Scattermaster, a new in- 
strument for transmission measurements 
of films and sheets which are important in 
determining surface imperfections, is an- 
nounced by Manufacturers Engineering & 
Equipment Corp., Hatboro, Pennsylvania. 


> New in the laboratory equipment field 
is a compact, portable, completely self- 
contained electric Aerator, available from 
Burgess Vibrocrafters, Inc., Grayslake, 
Illinois. Using the standard agitator 
furnished with the unit, up to 270 cubic 
inches of air per minute can be forced 
through a liquid, depending on the con- 
sistency of the latter. 


> The new Model I Volatimeter, an in- 
strument for determining the moisture 
content of solids with greater speed than 
other methods presently available, is an- 
nounced by Manufacturers Engineering & 
Equipment Corp., Hatboro, Pennsylvania. 


> The Arthur F. Smith Co., 311 Alexander 
St., Rochester 4, New York, manufacturer 
of high vacuum equipment and laboratory 
supplies, announces the development of an 
ASCO battery-operated thermocouple vac- 
uum gauge. They also have an ASCO En- 
closed McLeod Gauge, the ultimate in 
design and performance of a tilting-type, 
table model gauge. 


> A new, general-purpose oscilloscope 
VOLUME 34, NO. 12, DECEMBER, 1957 


that measures only 8” K 12!/,” 
has just been introduced by the Simpson 
Electric Co., 5200 W. Kinzie St., Chicago 
44, Illinois. 


> Direct reading spectrographic analysers 
manufactured in the U.S.A. use the so- 


called “integration’’ method. Intercon- 


tinental Electronics Corp., 1551 Franklin 
Ave., Mineola, New York, is introducing in 
this country the Automatic Spectro- 
Lecteur, the first direct reader which per- 
mits measurement of instantaneous values; 
and, therefore, direct and instantaneous 
reading of analysis results without resort- 
ing to integration. 


> Two new instruments are available from 
Beckman/Scientific Instruments Division, 
Fullerton, California. They are a pocket 
pH Meter for on-the-spot readings and a 
simplified, low cost infrared instrument— 
the Double-Beam automatic recording IR- 
5 Spectrophotometer. 


> A new, portable monitor for fast 
neutron surveys has just been announced 
by NRD Instrument Co., St Louis 19, 
Missouri, subsidiary of Nuclear Corp. of 
America. The new Model E-2, which is 
specifically designed for health hazard 
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Straight-A student. Way ahead of the class. Going 
it alone in experiments of his own. 

One thing makes you breathe easier — you’ve 
provided the safest equipment for him to work 
with. That condenser, for instance. Condenser 
coil is carefully sealed in the jacket. Both have 
uniform, heavy walls. It’s PyREx brand. . . very 
dependable item. 

The test tubes. They’re PyREx brand, too. They 
outlast ordinary tubes, three to one. 

Not much chance of misreading the labels on 
those Pyrex brand reagent bottles. Permanent red 
lettering on an opaque, white field really stands out. 


Why do your best students gray your hair fastest? 


Good thing you use Pyrex brand. Smart buy- 
ing, too. Made to take punishment, it breaks less. 
Costs less over the years. Less likelihood of acci- 
dents. 

We'd like you to have a copy of our new book- 
let, This is Glass. Sixty-four handsome pages ex- 
plain what glass is, how it’s made, and where it’s 
used. Write for your free copy. 


CORNING GLASS WORKS 
76-12 Crystal Street, Corning, N. Y. 


meant research ix 


. . . the tested tool of modern research 


JOURNAL OF CHEMICAL EDUCATION 


: 
‘ 
in 
di 
ya! 
ju 
a 
ow 
‘ 
e 
‘ 
PYREX’ laboratory ware 


TION 


OUT OF THE 


Gasket 


survey where fast neutron radiation is en- 
countered or suspected, is largely transistor- 
ized. 

p Standard Scientific Supply Corp. an- 
nounces that it has been appointed sole 
U. 8. distributor for the “Polarotrace,”’ a 
unique instrument for cathode ray polarog- 
raphy manufactured by Southern Instru- 
ments Computer Division of England. 
The ‘“Polarotrace” is already an estab- 
lished analytical tool in the United King- 
dom, Southern Africa and other European 
countries, and is capable of great sensitiv- 
ity and speed of determination. For a 
detailed description write to Standard 
Scientific Supply Corp., 808 Broadway, 
New York 3, N. Y. 


>» Duralab Equipment Corp. introduced 
two new laboratory portable-apparatus 
tables, designed to provide convenient, 
easy mobility in the laboratory and be- 
tween laboratories. 

Apparatus up to 200 pounds may be 
placed on the large working areas, and 
when required electrical panel boards may 
be mounted in the cupboards; thus mak- 
ing moving apparatus a simple operation 
and greatly reducing the time in which 
apparatus is out of service. 

The two tables, made in 37” X 24” and 
49” X 24” sizes, are available in several 
choices of cupboards and drawer and cup- 
board combinations. For detailed in- 
formation write to Duralab Equipment 
Corp., Dept. D-2, 979-995 Linwood St., 
Brooklyn 8, New York. 


@ A completely new 1008-page catalogue 
of laboratory apparatus is announced by 
the Will Corp., Rochester 3, New York. 
This new Catalogue No. 7 is different from 
former Will editions or from other appara- 
tus catalogues now in the field: It is 
thumb-indexed, speedexed, and _ subin- 
dexed—with many reference tables, com- 
parison charts, and other buying aids 
throughout. 


@ Latest issue of Lanco Apparatus News 
(Volume 9, Number 1) for laboratories has 
just been published by Arthur S. LaPine 
and Co., Chicago 29, Illinois. A 4-page 
removable centerspread describes and 
illustrates all Beckman pH electrodes pres- 
ently available for laboratory and portable 
pH meters. 


@ A new, free price list of Atomic Energy 
Commission unclassified research reports 
for sale by the Office of Technical Services, 
U. S. Department of Commerce, is now 
available from OTS on request. 

This cumulative listing of the more than 
4500 AEC reports in the OTS collection 
includes new documents acquired since 
December 31, 1956. To obtain the new 
list, request AEC Research Reports Price 
List No. 28 from OTS, U. 8. Department 
of Commerce, Washington 25, D. C. 

Price lists are issued semiannually, and 
the next list will be available in February, 
1958 
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@ The following must be ordered from the 
Office of Technical Services, U. 8. Depart- 
ment of Commerce, Washington 25, D. C.: 
PB 121973 Chlorosulfonation of Silanes and 
Related Reactions. C. G. Overberger and 
F. M. Beringer, Polytechnic Institute of 
Brooklyn for Wright Air Development 
Center. January, 1957. 37 pages. $1.00. 

PB 121996 Development of a Micro 
Method for the Determination of Aliphatic 
Aldehydes. E. W. Malmberg and B. 
Weinstein, The Ohio State University 
Research Foundation for Wright Air 
Development Center. November, 1956. 
33 pages. $1.00. 


PB 121552 The Cryoscopic Heat of Fusion 
of Ammonium Nitrate. A. G. Kennan, 
Illinois Institute of Technology for Air 
Force Office of Scientific Research. De- 
cember, 1955. 14 pages. 50 cents. 


@ The Engineering Technician, a pamphlet 
prepared by the Society for Engineering 
Education, is devoted to analyzing the 
duties and requirements of occupations 
associated with engineering. It is avail- 
able in lots of 100 only at $5.00 from the 
Editor, Technical Education News, 330 W. 
42nd St., New York 36, N. Y. 

@ Chemical engineers will find specific in- 
formation on the general characteristics of 
PVC (polyvinyl chloride) pipe, its proper- 
ties, applications, and installation data in 
the first edition of a 30-page catalogue just 
published under the direction of the En- 
gineering Service Department of A. M. 
Byers Co., Clark Building, Pittsburgh, 
Pennsylvania. 

@ A new, 8-page booklet, giving complete 
information on the improved Norelco 
Autrometer, automatic indexing X-ray 
(Continued on page Ad89) 


Give You More Work Space 


Take Up Less Room Space 


Here’s good news for laboratories—especially those with limited 
space. Kewaunee’s new Airflow Thinwall Fume Hoods provide 5 
inches more working space in 4 inches /ess room space. 

Rigorous testing and actual laboratory use indicate that the new 
Thinwall Hoods are only slightly less efficient than Kewaunee 
Supreme Hoods, and have approximately 50% greater efficiency 


than most conventional Hoods 


It has a variety of outstanding features, too. Eye-level remote 


control and service fixtures . 


. automatic bypass . . 


. exceptionally 


attractive appearance. In every detail you'll find the Thinwall has 
been thoughtfully designed to fill a real need—and craftsman-built 
for years of efficient, economical use. 


KEWAUNEE MANUFACTURING CO. 
5014 S. Center Street, Adrian, Michigan 


REPRESENTATIVES IN PRINCIPAL CITIES 


Get full details on Kewaunee’s complete line of Fume Hoods—from the 
handy, portable Flexihood to the big Airflow Supreme—in this new 48- 
page catalog. Shows photographs, drawings, specifications, operating 
data, and other helpful information. Send for your copy now— it's free. 


See our display, Booth 398—Chemical Show, New York, Dec. 2-6 
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APPROACH TO MEASUREMENT OF MASS 


CAHN ELECTROBALANCE 
WEIGHS SMALL SAMPLES EASIER, FASTER, ACCURATELY 


Radical advance in micro-weighing instrumentation. Balance is so rugged . . . so 
“Immune to its environment... you can forget about vibration, temperature, 

air currents, leveling. It’s portable . . . weighs less than 12 pounds... so it 

can be taken to desk, bench, or wherever needed, 

The controls are simple, easily understood . . . read directly in micrograms. Anyone 
in your laboratory can be trusted to use it. Complete weighings average 

less than a minute. Range of sample weight 0-5, 0-10, 0-20, 0-50 mg. 

For additional information, request Bulletin A-39. 

No. 7270 Model 10—Complete with 3 batteries, 2 stirrups, 10 pans, tweezers, 

one calibrating weight for each range, and instruction manual. Each $615.00, 


5655 KINGSBURY 
ST. LOUIS 12, MO. 


DIVISION A. S. ALOE COMPANY 14 DIVISIONS 
COAST-TO-COAST 


POINT APPARATUS 


@ Series 3821 — Dennis Type 


Here is a rapid and reliable instrument for 
testing any material having a distinct melt- 
ing point at temperatures between 50 and 
250 degrees Centigrade. 

A one inch square bar of solid copper, silver 
coated and with an electric heater and ther- 
moregulator at one end forms the heated 
stage of the Series 3821 apparatus. A wide 
range of test temperatures is always available 
on the 17-inch bar. A thin train of sample laid 
on the surface will melt at a definite spot. 
The temperature at this spot is determined by 
touching it with a constantan wire pointer, 
thereby forming a copper-constantan thermo- 
couple. Several readings can be taken quickly 
with the same sample, and the sample can be 
recovered if desired. 

The ruggedness and simplicity of earlier 
models are retained in this improved appara- 
tus, while the addition of a new pointer and 
slide carrier insures smooth operation with 
uniform contact pressure for reproducible 
temperature readings. 


Ask your Parr Dealer for prices 
or write direct for Spec. 3821, 
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Spectrograph, is available from the Instru- 
ments Division, Philips Electronics, Inc., 
750 S. Fulton Ave., Mount Vernon, New 
York. 


@ Scientific Glass Apparatus Co., Inc., 
Bloomfield, New Jersey, announces the 
publication of a new edition of What’s New 
for the Laboratory—30th in the series. 

Among the new items illustrated and 
described in this 16-page issue are: 
“Geyomatic” Burettes with automatic 
zero featuring a solid Teflon plug and 
Teflon Bushing. 


e A brochure describing the Model 154-C 
single-stage vapor fractometer and the 
Model 188 triple-stage vapor fractometers, 
new gas chromatography instruments, has 
just been published by the Perkin-Elmer 
Corp., Norwalk, Connecticut. 


@ Write for new Bulletin #5030 to Labline, 
Inc., 3070-82 W. Grand Ave., Chicago 22, 
Illinois, if you want information concern- 
ing their 1958 model electrophoresis 
apparatus called the Electrograf. 


@ Eastman 910 Adhesive is a technical 
data report on a unique new liquid ad- 
hesive with amazing rapid set-time and 
high strength. Write to Eastman Chem- 
ical Products, Inc., Kingsport, Tennessee. 


@ In a new publication identified as 
Form SBE-20, the Spinco Division of Beck- 
man Instruments, Inc., Stanford Industrial 
Park, Palo Alto, California, provides a 
summary of the various rotors and their 
cells and accessories which are available for 
the widely varied purposes of analytical 
ultracentrifugation. 


@ The Emil Greiner Co., 20-26 N. Moore 
St., New York 13, N. Y., is distributing a 
brochure on the Gilmont Ultramicroburets. 


e@ A handy, sixteen-page manual giving 
the properties and applications of more 
than one hundred inorganic and organic 
chemicals is available on request from 
Pennsalt Chemicals Corp., Department F, 
3 Penn Center, Philadelphia 2, Pennsyl- 
vania. 


@ Allied Radio Corp., 100 N. Western 
Ave., Chicago, Illinois, announces the Fall 
release of its new 1958 catalogue (No. 170), 
featuring an unusually large selection of 
electronic parts and equipment for use in 
schools, classrooms, laboratories, and 
shops. 


@ A complete, new line of Woodlab school 
laboratory furniture is now being intro- 
duced by the school and university division 
of Laboratory Furniture Co., Inc., Mineola 
L. I, New York. Ask for Unit-Lab 
Catalogue No. SUL-57. 


@ Tenite Plastics Views: Color is a 20- 
page book which follows the genesis of a 
new Tenite color from receipt of a sample 
to be matched to successful formulation in 
a Tenite plastic. In the matching process, 
as the book explains, the color technicians 


(Continued on page A590) 
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All Exposed Parts of Staculess Steel 
WELCH TRIPLE-BEAM BALANCE 


for weighing chemicals, measuring specific gravity, and general 


laboratory use 


¢ Good Sensitivity 
¢ High Stability 

Fast 

Accurate 


Corrosion- 
Resistant 


¢ Low Cost 


SENSITIVITY: 
0.01 grams 


CAPACITY 111g. 


(with extra weight 201 g.) 


4030. TRIPLE-BEAM BALANCE, High Form. Each $27.40 


4031. AUXILIARY WEIGHT. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U.S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


“For Scientists Everywhere” 


GAS ANALYSIS SOLUTIONS 


FAST 
ABSORBING 
REAGENTS 


Burrell modern reagents and auxiliary solutions are 
recommended as standard, to be used with all types 
of gas analysis equipment. Solutions are fresh, uni- 
form and of superior quality. 


COSORBENT® for Carbon Monoxide. Active and accu- 
rate. Forms stable compound. Requires few passes. 
CAT. NO. 39-720—8 oz. 5.50....... Case of 12—59.40 


CAT. NO. 39-721—3 oz. 3.00....... Case of 12—32.40 
queqeene POWDER for Carbon Monoxide. Easier to 
e. 

CAT. NO. 39-725—vial 3.50....Case of 12 vials—37.80 
LUSORBENTO© for Illuminants. No vapor pressure. Non- 
corrosive to rubber connections. 

CAT. NO. 39-715—8 oz. 4.00....... Case of 12—43.20 
CAT. NO. 39-7 16—3 oz. 2.50....... Case of 12—27.00 


OXSORBENT® for Oxygen. Fast, clean and accurate. 
Breaks sharply at saturation point. 


CAT. NO. 39-710—8 oz. 5.50....... Case of 12—59.40 
CAT. NO. 39-711—3 oz. 3.00....... Case of 12—32.40 
DISORBENT© for Carbon Dioxide. Crystal clear potas- 
sium hydroxide solution. Accurate and fast. 

CAT. NO. 39-730—16 oz. 3.00...... Case of 12—32.40 
CAT. NO. 39-731—3 oz. 1.75....... Case of 12—18.90 
@® Trademark Registered U.S. Patent Office 

© Trademark 


absorption pipette; 3 oz. for Ind ® gos 


Prices listed are F. ©. B. Pittsburgh, Pa. 
For additional listings ask for Bulletin No. 327 


BURRELL CORPORATION 
Scientific instruments and Laboratory Supplies 


2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


Each $1.50 
4030C. PLASTIC COVER For No. 4030. Each $1.60 
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WA 
kettering’’ the Best 
NALGENE WASH BOTTLES .. . completely leakproof . . . able to expel a drop or a 
stream . . . have long been indispensable items in every well-equipped laboratory. Now 
with an improved design, a new screwcap and a more flexible dispensing tube they are 
better than ever. New 16 oz. bottle is only 2%” in diameter. Taller... thinner... it's 
easier to handle . . . better to use. 


CAP. OZS. | 16 
NO. IN CASE ag | 36 | 36 | 24 
PRICE EACH 65| 70| .75| .85 
PER CASE 24.96 | 20.16 | 21.60 | 16.32 


Ask your dealer for catalog F-957 


00. Ine. 


ROCHESTER 2, NEW YORK 


WORLD'S LARGEST PRODUCER OF POLYETHYLENE LABORATORY WARE! 


Timer. 


NATIONAL'S 


~ | REVOLVING SHELF 


ASTM-D6 WITH 
LARGE SHELF FOR 
4-5'l2" PANS 


Temperature Recovery from time door is closed, 
after loading, is reduced to approximately 5 min- 
utes—with corect setting of Exclusive Interval 


Price $450 


SALES & SERVICE THRU 
LABORATORY SUPPLY DEALERS 


NATIONAL APPLIANCE CO. 


7634 S.W. CAPITOL HWY. 
Since 1918 . . . Serving INDUSTRY - RESEARCH - MEDICINE 


_ Manufacturers of Ovens, Incubators, Baths and other Appliances 


Write for 
free bulletin 


PORTLAND 19, OREGON 


Edttor's Sarcket 


at the Tenite Color Laboratory at Kings- 
port, Tennessee, have access to a file of 
color specimens that has been building up 
for over a quarter of a century and now 
includes more than 38,000 different colo,s 
and color effects already developed for 
plastic use. It is available from Eastman 
Chemical Products, Inc., Kingsport, Ten- 
nessee. 


@ Bibliography of Research on Deuterium 
and Tritium Compounds 1953 and 19654, 
National Bureau of Standards Circul:r 
562, Supplement 1, issued July 15, 1957, 
31 pages, 25 cents. Electric Hygrometers, 
by Arnold Wexler, National Bureau of 
Standards Circular 586, issued September 
3, 1957, 21 pages, 20 cents. These must 
be ordered from the Superintendent of 
Documents, U. 8. Government Printing 
Office, Washington 25, D. C. 


@Schaar and Company announces the 
availability of Catalog 57P—the newest, 
most complete listing of Polyethylene 
Ware for laboratories. Some of the ap- 
paratus illustrated and described in this 16 
page brochure has never before been 
available. 

Equipment molded from a new type, 
high temperature Polyethylene withstand- 
ing temperatures up to 250° F. is also 
featured in this handy book. 

Copies available on request. Write for 

Catalog 57P to: Schaar & Company, 
7300 W. Montrose Ave., Chicago 34, 
Illinois. 
@A four page folder recently issued by 
Bel-Art Products illustrates and describes 
their line of Teflon laboratory ware. A 
copy of the folder may be had by writing 
Bel-Art Products, 4917 Murphy Place, 
West New York, New Jersey. 


@ Interscience Publishers, 250 Fifth Ave., 
New York 1, N. Y., announces its 1958 
Catalogue of Scientific and Technical 
Books and Journals. 


NEW CHEMICALS 


@ Three new hydrazine derivatives— 
hydrazine dihydrochloride, hydrazodicar- 
bonamide, and monohydrazinium phos- 
phate—are available in laboratory quanti- 
ties from the industrial Chemicals Division 
of Olin Mathieson Chemical Corp., 
Baltimore 3, Maryland. All three com- 
pounds are white crystalline solids. 


@ 2,2-dimethyl-4-pentenal and its corre- 
sponding saturated alcohol, 2,2-dimethy!- 
pentanol are now being offered in research 
and pilot plant quantities by Eastman 
Chemical Products, Inc., Subsidiary of 
Eastman Kodak Co., Kingsport, Ten- 
nessee. 


MISCELLANY 


Recently a 798-page, loose-leaf ‘Folio 
of Questions and Problems in Science’ 
was published by the Cooperative Test 
Division of Education Testing Service, 
Princeton, New Jersey. It contains 13,- 
000 science questions contributed by 
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many college instructors and organized 
under 30 subject heddings. One wonders 
whether science teachers in colleges are 
becoming so inept and inarticulate that 
such a book is demanded; and, if so, how 
soon the answers will be available. 


% The National Bureau of Standards now 
provides a calibration service for labora- 
tory standard neutron sources. By cali- 
bration and certification of such standards, 
accuracy and intercomparability are pro- 
moted in the measurements of neutron flux 
which play an important part in current 
research. The service should be of partic- 
ular assistance to those concerned with 
fundamental nuclear experiments, design 
and control of nuclear reactors, problems 
of protection from neutron radiation, and 
industrial applications of neutron beams. 
Inquiries regarding neutron calibrations 
should be sent to the National Bureau of 
Standards, Neutron Physics Section, 
Washington 25, D. C. 


% A group of high school science teachers 
engaged in a pioneering industrial and 
educational venture will receive 2 points 
of credit from the University of the State 
of New York that can be used for license 
renewal or salary upgrading. This is 
believed to be the first program for which 
credits have been awarded for industrial 
experience and activites. The group of 
six teachers are the holders of summer in- 
dustrial fellowships under a new program 
instituted by the Metals Research Labora- 
tories and the Development and Engineer- 
ing Departments of Electro Metallurgical 
Co., Division of Union Carbide Corp. 


% The new bonding process developed 
at Bell Telephone Laboratories makes use 
of partly hydrogenated polybutadiene, 
known commercially as Hydropol, which is 
manufactured by the Phillips Petroleum 
Co. of Bartlesville, Oklahoma. Any de- 
gree of unsaturation of the polybutadiene 
between three per cent and thirty per cent 
gives the best bonds. Various materials 
are added to the Hydropol to make it 
capable of vulcanization. 

By using the Hydropol mixture as a 
bonding agent excellent bonds can be made 
between polyethylene and brass or brass- 
plated metals, and between polyethylene 
and neoprene, natural rubber, or GR-S 
synthetic rubber. 

Peel strengths up to one hundred pounds 
per inch and tensile strengths of one thou- 
sand pounds per square inch can be readily 
achieved. These values are considerably 
higher than have been possible with pre- 
viously available techniques. 


% High-School Chemistry on Motion Pic- 
tures and Fiimstrips is the title of a 23-page 
pamphlet available free. The pamphiet 
is the report of a study that embraced all 
films and filmstrips available to secondary- 
school chemistry teachers. It includes 
the resulis of an extensive questionnaire 
about teachers’ choices of needed film 
titles, a set of criteria useful for the judging 
or for the production of classroom motion 
pictures and filmstrips in chemistry, and 
conclusions. The study was supported 
by the Fund for the Advancement of 
Science. For a copy, write to Elbert C. 
Weaver, Manufacturing Chemists’ Asso- 
ciation, Inc., 1625 Eye St., N. W., Wash- 
ington 6, D. C. 
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“Hydraulic Oils,’ a 25 m‘nute sound- 
on-film color motion picture recently re- 
leased by The Texas Co., 135 E. 42nd St., 
New York 17, N. Y., shows the principles 
of hydraulic laws and demonstrates the 
vital part premium oils play in getting top 
performance and increased production 
from the many applications of hydraulics 
in industry today. 


* In “Program Activities of the National 
Science Foundation,’ current NSF pro- 
grams are briefly outlined. These em- 
brace support of basic research by varied 
types of grants; sponsorship of confer- 
ences in special areas of science, together 
with publication of proceedings and 
papers; fellowships (predoctoral, post- 
doctoral, science faculty); institutes for 


high school and college teachers of science 
and mathematics; development of means 
for improving the quality of science teach- 
ing; translation of important foreign 
scientific journals and other publications; 
maintenance of a clearinghouse for reports 
on unclassified government-sponsored re- 
search; documentation research and de- 
velopment; assistance in the prompt 
publication of research results; attend- 
ance of U. S. scientists at international 
scientific meetings by partially defraying 
travel expenses; surveys and studies of 
the nation’s research activities and re- 
sources; maintenance of the National 
Register of Scientific and Technical Per- 
sonnel. The foundation is a!so responsible 
for administering certain aspects of the 
U. S. program concerned with the Inter- 
national Geophysical Yea~. 


PACKARD 
FLOW 
COUNTERS 


for Geiger and 
Proportional Operation 


Windowless and 
Flo-Window Types 


1 Windowless Flow Counter pro- 
vides maximum sensitivity for 
counting solid samples which 
emit very soft radiations. Com- 
mon examples are counting alpha 
particles or low energy betas 
from isotopes such as carbon-14 
and sulphur-35. 


2 The sample is introduced direct- 
ly into the counting chamber. 
There is no window of any sort 
interposed between the radio- 
active material and the active 
counting volume of the chamber. 
Full 27 geometry is achieved. 


@ For complete details send card or 
letter requesting illustrated 4-page 
Bulletin 200. 


Flo-Window 
Model 210 


1 Flo-Window Counter is used 
primarily for beta counting. 
Sensitivity for low energy radia- 
tion is slightly less than with the 
Windowless Flo:v Counter, but 
greater than with sealed counters 
using the thinnest possible mica 
windows. The very thin plastic 
window prevents undersirable 
effects sometimes encountered 
with internal counting. 


Q Where adverse sample factors 


might cause erratic windowless 
counting, the Flo-Window 
Counter should be used. Ex- 


tremely good reproducibility and 
stability can thus 
be achieved with 
only a slight loss 


in sensitivity. 


Instrument Company 


DEPT. G P.O. BOX 428 * LA GRANGE, ILLINOIS 


j 
\pany, 
«34, 
| 
bes Windowle 
riting 
Place, = _ Model 200A 
ION A591 


The Economical Multi-Purpose 
Instrument Designed 
For Introductory Chemistry 


$135.00 


Price Includes 
Quality 60° Prism 


N euly § mproued / This instrument combines the utility of the prism 
_ spectroscope, the diffraction-grating spectroscope, 


and the divided-circle spectrometer, and has features 

none of these possess. It measures wave length of 

spectral lines directly in angstroms, using either a 
LARGER PRISM TABLE prism or a grating as the dispersing element, the 
grating being available as an accessory. The re- 
fracting angle of the prism and the angle of minimum 
deviation can be measured to 0.1°. 


Easy to set prism or grating exactly in the proper position for 
best performance 


It has 20x155 mm objectives, sliding focus adjust- 
ment, 90° spider cross hairs, unilateral slit with dust 
cover, spring clip and light-tight cover for prism table, 
and includes 60° prism with faces 18x36 mm, a 
transparent plastic dust cover, and detailed instruc- 


tions. 
LARGER CLEARANCES No. 3692. Each $135.00 


Telescope and collimator relocated in their support arms to give 
permanent correct alignment. No troublesome readjustments 


MORE EFFICIENT LIGHT TRAP 
Prism-table cover and shield fit with positive clip-on action—hold 
securely as telescope is moved. 


REPLICA DIFFRACTION GRATING FOR No. 3692 


IMPROVED OPTICS With 14,440 lines per inch, 15-mm aperture. Mounted for use 
on prism table 
Clearer, flatter field of view gives sharper definition, minimum No. 3692A. Each $12.50 
distortion 


CROSS-HAIR ILLUMINATOR FOR No. 3692 


For use when setting cross hairs on faint spectral lines. 


NEW SMOOTH GRAY FINISH 


More attractive, easier to keep clean No. 36928. Each $1 5.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 


ESTABLISHED 188090————— 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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150 YEARS 


OF PUBLISHING 


New texts and references for classroom and laboratory 


A BASIC LABORATORY COURSE IN COLLEGE CHEMISTRY 


QUALITATIVE TESTING AND INORGANIC CHEMISTRY 


INTRODUCTION TO PROTEIN CHEMISTRY 


SOVIET EDUCATION FOR SCIENCE AND TECHNOLOGY 


BIOCHEMISTRY OF SOME PEPTIDE AND STEROID ANTIBIOTICS 


MODERN METHODS OF QUANTITATIVE INORGANIC ANALYSIS 


Second Edition 


By J. F. HAZEL, University of Pennsylvania. A manual of general chemistry for a first year college 
course, offering forty-nine experiments to stimulate the student's interest in laboratory work. While 
supplying sufficient information for an understanding of these experiments, its purpose is to encourage 
personal initiative by providing only a minimum of background material. Preference is given to 
quantitative experiments illustrating natural laws and phenomena. 1957. 233 pages. 85/3 by 11'/s. 
Spiral Bound. $3.95. 


By JOSEPH NORDMANN. Complete in itself, without the aid of additional problem books or lab 
manuals, this text offers a rigorous, up-to-date coverage of qualitative analysis. The author em- 
avers the best of the ‘‘qual’’ and adds related general chemistry. He develops his subject both in 
aboratory and lecture work, not as an isolated body of facts, but as something alive with applications 
for the student. 

Assuming a sound background in general college chemistry, the text treats the chemistry of the 
metals, some topics in ‘‘modern’’ inorganic chemistry, the elaboration of equilibrium systems, and the 
qualitative aoe of selected cations and anions. The author uses examples and problems from lab- 
oratory work and industry to explain how our knowledge developed historically through experi- 
mentation. An answer booklet to numerical problems and a further reference list is available to 
teachers. 1957. Approx. 499 pages. Prob. $6.25. 


By SIDNEY W. FOX, Florida State University; and JOSEPH F. FOSTER, Purdue University. Ina 
logical and unified manner, this text treats the fundamental aspects of protein chemistry and indicates 
ways in which knowledge of the subject is basic to such fields as biology, nutrition, and food tech- 
nology. In their step-by-step development, the authors offer a broad coverage of the chemistry of 
amino acids, peptides, and proteins. The basic text was tested on students before publication, and 
was praised highly in anonymous questionnaires. Asa check on clarity, a number of graduate students 
without previous orientation in the subject read the text. For the purpose of accuracy, a number of 
specialists read individual chapters. The text is particularly useful for instituting new courses in 
protein chemistry. 1957. 459 pages. $9.50. 


By ALEXANDER G. KOROL, Massachusetts Institute of Technology. Based on extensive study or 
original sources not previously available to students of Soviet education. The book takes the readet 
beyond the facade of the official propaganda and undifferentiated statistics and examines the Sovief 
educational structure—its purposes, its strengths and weaknesses, and its potentialities—on the basis of 
detailed documentary evidence. A Technology Press book, M.I.T. 1957. 513 pages. $8.50. 


By E. P. ABRAHAM, Oxford University. This second volume in the CIBA Lectures in Microbial 
Biochemistry describes recent work in the bacitracins and in two families of cephalosporins. 1957. 
96 pages. Approx. $3.00. 


By G. CHARLOT and DENISE BEZIER, both of the Ecole Supérieure de Physique et de Chimie indus- 
trielles de Paris. 1957. 691 pages. $15.00. 
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It’s a buying guide to help you select the right equipment 
quickly! 

Open the cover . . . Speedex instantly leads you to the 
section of your choice . . . at the head of each section, a Sub- 
index. There are dozens of comparison charts, reference 
tables, buying hints throughout. Listings are concise, tab- 
ulated when possible; features are headlined; and it’s up-to- 
date, even includes KIMAX, the new “hard” glassware by 
Kimble. 

We’re sure you'll make No. 7 your lab apparatus guide... 
we deliberately planned it for you. 


If you haven’t received your copy, write us on your company letterhead. 


CORPORATION 
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are often blamed for this situation, but th: 
lack of readable reference material must 
be counted another important factor. 
Thus, the completely rewritten edition of 
“Modern Pulp and Paper Making’’ help; 
fill a very definite need. 

The book is divided into sixteen chap 
ters, with fifteen individuals listed a: 
authors or co-authors of various of th: 
chapters. Principal contributors, in addi- 
tion to the editor, are John L. Parsons 
Ralph W. Kumler, and A. Guy Durgin 
The three introductory chapters give + 
general review of the economic significance 
of the industry and its importance to our 
society, a brief survey of papermaking 
materials and processes, and a definitive 
review of the manifold varieties of paper 
and paperboard. Chapters 4 through 12 
bring the reader in logical sequence 
through the pulp and paper mill from the 
wood room to the finishing room. The 
diversity of processes encountered in 
producing the varieties of paper listed in 
Chapter 3 are well covered in these chap- 
ters. The last four chapters are primarily 
of specialized and technical nature dealing 
as they do with selected engineering and 
production aspects of the industry. 
Topics covered in these chapters are paper 
defects, design of pulp and paper plants, 
testing of paper, and process instrumen- 
tation. 

In general, the text is accurate and well 
written. It is as complete as could be 
expected of such a one-volume survey 
work. The reviewer must take exception 
to Chapter 7, Semichemical Pulping, for 
dealing far too skimpily with the important 
recent developments of continuous pulping 
and for emphasizing the processes and 
equipment of certain manufacturers while 
omitting mention of equally significant 
competitive processes. There are portions 
of other chapters where the authors 
apparently forget their mission and lapse 
into an exhaustive detail more suitable 
in a manual for machine-tenders. 

This book is particularly to be com- 
mended to the high-school chemistry and 
science teacher and his classes as a refer- 
ence work for units or projects connected 
with the pulp and paper industry. The 
college student in general chemistry or 
industrial chemistry will also find this a 
good source book. While the technical 
content is insufficient to satisfy the spe- 
cialized student or research worker, such 
individuals will doubtless find the descrip- 
tions of paper mill operations interesting 
and informative. 

For the benefit of those not familiar with 
the pulp and paper field, let us note that 
in addition to the present work there are 
but three recent comprehensive reference 
works covering the general topic of pulping 
and papermaking. They are: “The Uni- 
versity of Maine Lectures in Pulp and 
Paper Technology, Series II,’’ L. C. Jen- 
ness and John Lewis, editors (1 volume), 
“Pulp and Paper Chemistry and Chemical 
Technology,’’ by James P. Casey (2 
volumes), and ‘‘Pulp and Paper Manufac- 
ture,’’ J. Newell Stephenson, editor (4 
volumes). The first of these contains 
much excellent material but suffers from 
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Outstanding New McGraw-Hill Books 


FUNDAMENTAL CONCEPTS OF INORGANIC CHEMISTRY 


By Esmarcu S. Gitreatu, Washington and Lee University. Ready in March 


This text for the one-semester junior level university course in inorganic chemistry offers an elementary approach to 
certain theoretical concepts. A minimum of descriptive material has been included, with a maximum of essential 


a jut elementary items in the field. Such recent advances as atomic nuclei structure, complexions and coordination 
gh 12 -ompounds, and recent discoveries in nuclear transformations are covered. Pertinent and thought-provoking ques- 
“era tions follow each chapter. Here is an inorganic chemistry text written on a plane to be understood by undergraduates. 
m the 


ADVANCED ANALYTICAL CHEMISTRY 


By Louis Merres, Polytechnic Institute of Brooklyn; and Henry C. Tuomas, University of North Carolina. 
Ready in May 
An upper-division or graduate-level text written for the student who wants a firm theoretical foundation in instru- 
mental methods. It explains the theory and practice of many modern techniques of chemical analysis and research, 
including potentiometry, conductometry, polarography, electrolytic procedures, absorptimetry, radiochemistry, and 
chromatography. Emphasis is on the use of the instrumental techniques in securing data of physico-chemical 
importance, and on the theory inderlying the use of the instruments. Over 180 illustrative problems are included. 


CHEMICAL PUBLICATIONS 


By M. G. Metion, Purdue University. New Third Edition. Ready in April 


A long-awaited revision of a standard text and reference book for university courses in chemical literature, library 
problems in chemistry, and the like. An over-all balanced perspective of various chemical publications is given, 
along with library exercises to introduce students to this literature. Changes in this new third edition include a 
substitution of new titles for older ones in periodicals, treatises and single-column books, and the revision of the chap- 
ters on Patents, Library Problems, and Governmental Publications. 


QUALITATIVE ANALYSIS: An Introduction to Equilibrium 
and Solution Chemistry 


By T. Moeter, University of Illinois. Ready in March 


An important new text presenting the principles of chemical equilibrium as applied to solution chemistry, and imple- 
menting this presentation by means of laboratory training in qualitative analysis. It covers the majority of the 
common anions and cations in detail, and lays a foundation of fact and theory for a subsequent course in quantitative 
analysis. The extensive treatment of the anions acquaints the student more fully with the chemistry of the non- 
metals. Each topic is approached on the basis of material already learned, with the student led from the simple to 
the more complex. 


McGraw-Hill Book Company, Inc. Send for 


copies on 
approval 


330 West 42nd Street New York 36, N. Y. 
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some gaps and an unavoidable lack of 
continuity. The second is a very well 
organized and readable technical work. 
Dr. Casey’s book is the first place a 
student or technical man in the industry 
turns when a new problem faces him; it is 
not, however, written at the level of high- 
school senior or college freshman. The 
last is a valuable but exceedingly detailed 
work which has been aptly characterized 
as “exhaustive and exhausting.”’ 

One may see that there is a real place 
for a readable, descriptive work for the 
general reader. ‘‘Modern Pulp and Paper 
Making”’ fits very well in this place. 


EDWARD F. THODE 
Tue Institute oF PapeR CHEMISTRY 
APPLETON, WISCONSIN 


THE FIGHT FOR FLUORIDATION 


Donald R. McNeil, Associate Director of 
the Wisconsin State Historical Society. 
Oxford University Press, New York, 1957. 
xi + 241 pp. 13 X 20cm. $5. 


Tuts book is a well-documented, his- 
torical account of the events that led to 
the establishment of the relationship be- 
tween fluoride ion content of drinking 
water and dental decay. It also recites 
the attempts of various individuals and 
public health organizations to establish 
the practice of fluoridating public water 
supplies. 

Like those who first attempted to induce 
the public to adopt vaccination, chlorin- 
ation, and pasteurization, advocates of 
fluoridation met with growing resistance 
from laymen influenced by a wide variety 
of opponents. These included men who 


You'll find automatic burettes 
on pages 16 and 17 of Corning’s 


Catalog CA-2> 


Name. 


The advantages of automatic burettes are wait- 
ing for you here. Here’s how to have them 
where they belong—in your laboratory. 

First, check the index of Corning’s Catalog 
of Custom Apparatus. It refers you to a listing 
of five different kinds on pages 16 and 17. 
You'll learn that the tubing is precision bore, 
precisely graduated to Class A accuracy toler- 
ances. Also, that the one you need is made of 
Pyrex brand glass No. 7740, with all its useful 
properties. 

If none of the 5 automatic burettes listed is 
quite the one you need, dash off a rough draw- 
ing (showing dimensions and quantities needed ). 
send it in and we'll make it up. 

Our Special Apparatus Department devotes 
all its time to turning out ware in the PyREx 
brand glasses — to Corning’s critical quality 
standards—on special order. 

Send us the coupon for your copy of CA-2. 
You'll find it indispensable. 


Cor xg meant research wn 
CORNING GLASS WORKS 70-12 Crystal Street, Corning, New York 


Please send me a copy of your new Special Apparatus Catalog CA-2: 
“Custom-Made Laboratory Glassware.” 


Title. 


Zone State. 


oppose public health measures on religious 
grounds, as well as chiropractors who see 
in the situation an opportunity to em- 
barass the medical profession, and those 
who actually believe that fluoridation is a 
plot of the “communists to take over this 
country.” 

The reader is impressed by a seeming 
conflict in our democracy which delegates 
to our elected representatives the power to 
make decisions that require greater 
knowledge than the public at large pos- 
sesses, yet which in many states provides 
machinery to put such questions as fluor- 
idation before the public for approval or 
disapproval in the form of referenda. To 
a scientist this might be equivalent to 
determining the validity of the law of 
gravity by means of a popular vote. 
Under the right conditions and with the 
same type of opposition that now opposes 
fluoridation, the law of gravity could be 
repealed by the general public. 

MeNeil’s account stresses the role 
played by a number of Wisconsin dentists 
in promoting fluoridation in that state. 
The activities of Dr. J. G. Frisch and Dr. 
F. A. Bull in particular are given promi- 
nence because through their efforts more 
cities in Wisconsin fluoridate their public 
water supplies than in any state in the 
Union. It carries the stories of the fight in 
Seattle and Cincinnati where fluoridation 
was defeated at the polls. It also tells 
how some of our largest cities like Phila- 
delphia, Milwaukee, San Francisco, and 
Baltimore adopted this health measure. 

The book ends with an account of the 
struggle now in progress to fluoridate the 
water of our largest city, New York, and 
of the formation of the ‘“Committee to 
Protect Our Children’s Teeth” headed by 
the eminent pediatrician, Dr. Benjamin 
Spock, a committee which is now in the 
midst of the New York battle. The latter 
is at a standstill because of the opposition 
by the head of the New York City water 
works despite the repeated recommenda- 
tion by the New York City Department 
of Health that the water supply be fluori- 
dated. 

The book gives no solace to the opposi- 
tion because the scientific facts of fluori- 
dation are set forth with historical ac- 
curacy and clarity. Nor does it fail to 
assess the competence(?) of many of the 
leaders of the opposition. Data are 
based on verified documentary evidence. 
To the proponents of fluoridation this 
book relates in a sobering manner the 
difficulties, the pitfalls, and the hard 
work required to bring about the adoption 
of this latest public health measure. It is 
recommended reading for every chemist 
and chemistry teacher. 

8. F. DARLING 
LAWRENCE COLLEGE 
APPLETON, WISCONSIN 


INSTRUMENTAL ANALYSIS 


Paul Delahay, Professor of Chemistry, 
Louisiana State University, Macmillan Co., 
New York, 1957. xi + 384 pp. 137 
figs. 24tables. 16 X 24cm. $7.90 


THE reviewer must confess to being prej- 
udiced against the term, instrumental 
analysis. This prejudice is based on the 
fact that to many chemists the term, 
(Continued on page A598) 
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New Texts from Prentice-Hall . . . 


ELEMENTARY QUANTITATIVE ANALYSIS 
by HAROLD F. WALTON, University of Colorado 


A new elementary text offering explicit, step-by-step laboratory directions, fun- 
damental theory and ample advanced material to allow the student to look 
ahead to the wide field of modern analytical chemistry. 


CONTENTS: Gravimetric Analysis Theory. The Balance and Weighing. 
The Laboratory Notebook. Three Representative Gravimetric Determinations: 
Chloride, Sulfate, Iron. Moles; Solubility Products. Additional Gravimetric 
Determinations: Nickel, Silica, Magnesium. Electrolytic Analysis: Deter- 
mination of Copper. Volumetric Analysis: Principles, Techniques, Calcula- 
tions. Volumetric Determination of Chloride. Acide-base Titrations. Acids 
and Bases: Theory, Total Dissolved Solids by Ion Exchange. Kjeldahl De- 
termination of Nitrogen. Oxidation and Reduction: Theory, Standard 
Permanganate Solution: Determination of Iron and Calcium. [Iodine- 
Thiosulfate Titrations. Complex-Forming Titrations: Hardness of Water, 
Analysis of Cement. Photometric Analysis. 


Approx. 352 pages 554x834 Jan. 1958 Text price $5.75 


GENERAL CHEMISTRY: A First Course, 4th Edition 
by LEONA E. YOUNG, Mills College, and C. W. PORTER, University of 
California 


This new edition discusses new discoveries and recent trends in chemistry. De- 
signed for students who have had no previous training, this text presents a 
systematic treatment of the elements based upon the Periodic System and the 
modern theory of atomic structure. 


CONTENTS: Matter and Energy, Compounds, Elements, and Mixtures. 
The Atmosphere, Oxygen, Hydrogen, Water, Solutions, Gas Laws. The Elec- 
tron Theory, The Periodic Table, Atomic Structure, Chemical Equations. 
Acids, Bases, and Salts: Electromotive Series; Colloids. Chemical Calcula- 
tions. ‘The Alkali Metals. The Halogens and Halogen Acids. Nitrogen, 
Phosphorus, Arsenic, Antimony, and Bismuth. Carbon and Silicon. Sulfur, 
Selenium, and Tellurium. Beryllium, Magnesium, Calcium, Strontium, Barium, 
and Radium. Boron, Aluminum; Rare Earth Elements. Copper, Silver, and 
Gold. Zinc, Cadmium, and Mercury. Electric Cells. Storage Batteries, 
Electrode Potentials; Electrolysis. Germanium, Tin, and Lead; Titanium, 
Zirconium, and Hafnium. Vanadium, Niobium, and Tantalum; Chromium, 
Molybdenum, and Tungsten; Manganese, Technetium, and Rhenium, Radio- 
activity and the Transmutation of Elements; The Actinide Series; Atomic 
Energy. Carbon Compounds. Plant and Animal Life. Appendix. 


Approx. 640 pages 6x9 Pub. Jan. 1958 Text price $6.75 


ORGANIC CHEMISTRY 
by H. HARRY SZMANT, Duquesne University F 


Szmant’s new, integrated introductory treatment of organic chemistry has dual 
emphasis: the theoretical aspects of organic chemistry and the industrial inter- 
relationships and utilization of organic compounds. 


CONTENTS: Preface. Introduction. General Theory. The Chemistry of 
the Important Families of Organic Compounds. The Hydrocarbons and Their 
Halogen Derivatives. Organic Compounds Containing Oxygen. Organic 
Compounds Containing Nitrogen. Organic Compounds Containing Sulfur, 
Phosphorus, Silicon, and Carbon-Metallic Bonds. Heterocyclic Compounds. 
Miscellaneous Topics. 


803 pages 6x9 Pub. 1957 Text price $8.00 


To receive approval copies promptly, write: BOX 903 


ee PRENTICE-HALL, Inc. 
Englewood Cliffs, New Jersey 
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Lab Ware -VITREOSIL 


The most exacting needs of 
laboratories throughout the 
world are most eminently 
and successfully met by 
Vitreosil ware (pure f 

silica) produced to the high- 
est standards of quality. 


_ sistance. to heat un- 
usual electrical resistivity, 
best ultra-violet transmis- 
sion (in transparent quali- 
ty) and low initial cost com- 
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In a to our unusually 
large stock of transparent 
and ungl cruci- 
Bes, evaporating dishes, 
beakers, tubing and rods in 
all diameters and sizes, we 
offer prompt fabrication of 
special i q 
Write today, giving 
full details of your re- 
quirements or ask for 
illustrated bulletin. 


~~ THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dove:, New Jersey 
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instrumental analysis, has concealed in it 
certain value judgments which imply that 
instrumental analysis is somehow su- 
perior to what is usually referred to as wet 
methods of analysis. There is no point in 
the reviewer’s belaboring the absurdity of 
comparing analytical methods on any 
such superficial basis of classification; 
others have discussed this topic at great 
length. Dr. Delahay recognizes the arti- 
ficial nature of attempting to make any 
fundamental distinctions between  so- 
called instrumental and noninstrumental 
methods; in this regard, it is worth quot- 
ing a paragraph from page one of the book: 

“There is no fundamental difference 
between instrumental and _noninstru- 
mental methods. Even such a classical 
method as gravimetry involves the use 
of an instrument, the balance, and the 
discussion of noninstrumental methods 
involves physical chemistry. It is true 
that equipment in instrumental analysis 
is often more complicated than the bal- 
ance, but this is only a matter of degree, 
not a fundamental difference. ‘Instru- 
mental analysis’ is merely a convenient 
expression for grouping a variety of 
methods.” 

The present book is intended as a text 
for a course to be presented to advanced 
undergraduate and graduate students. 
The treatment throughout is one which 
could be readily followed by anyone hav- 
ing had an introductory course in physics, 


some calculus, and the basic undergraduate 
courses in analytical and physical chem- 
istry. In the author’s opinion, the ma- 
terial given can be covered in 40 to 6() 
lectures, although a much shorter course 
is possible. 

After a short introductory chapter, ther: 
are six chapters (152 pages) on electrica! 
methods: Electrode Potentials; Poten- 
tiometry; Polarography and Voltamme- 
try; Amperometric and Voltammetri 
Titrations; Electrogravimetry, Electro- 
lytic Separations and Coulometric Meth- 
ods; and Conductometry and High-fre- 
quency Methods. These are followed by 
five chapters (120 pages) on optical meth- 
ods: Emission Spectroscopy; Absorption 
Spectrometry and Filter Photometry: 
fluorimetry, Turbidimetry and Nephe- 
lometry; Roman Spectroscopy; and X-ray 
Methods. Two chapters (46 pages) on 
mass spectrometry and nuclear radiation 
methods conclude the discussion part of 
the text. The last 40 pages are devoted 
to 24 experiments which are well designed 
to introduce the student to the theoretical! 
and practical fundamentals of electrical 
and optical methods of analysis. 

One of the most useful features of the 
book both to the student in a course using 
the book as a text and to the chemist who 
uses the book to refresh himself on cer- 
tain contemporary methods are apt to 
be the provocative suggestions and ques- 
tions to be found at the end of most 
chapters. These questions are generally 
of three types: extension of the theory 


(Continued on page A600) 
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NYLAB 
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Weighing 


For SPEEDY, PRECISE WEIGHING . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 
and/or open-rear sections. Complete transfers 
casy—rinse material directly “iy funnel tip 
into receiver. Stable, flat base . . . lightweight. 


Catalog No. | Diam. (mm) 
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discount om orders of 6 dozen of same or assorted sizes. 
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Delivers a DROP 
or a STREAM 


Does away with break- 
age . . . mouthpieces . . 
rubber bulbs. With- 
stands flexing _indefi- 
nitely. Durable and 
convenient. Smaller sizes 
used with short, straight 
discharge tube are perfect 
for washing of glass 
electrodes. 


Catalog No. 15720 15721. «15722-15723 15724 
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Price 1.15 1.20 1.30 1.60 1.85 
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Catalog No. 35070 
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handling of inexperienced students. 


Toggle switch lets you check slide wire calibration in 
seconds without resetting slide wire—a convenience 
found only on highest priced models. 


Double range 0-1 and 1-2 volts gives far greater accuracy 
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Classroom Chemistry and Physics: 
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of the technique involved, applications 
of the technique, and literature surveys 
of limited scope. Most of these ques- 
tions, particularly those in the latter 
group, refer to specific papers in the liter- 
ature for which references are given. In 
some cases the questions involved the com- 
parison or correlation of work appearing 
in different papers. 

As far as the description of instruments 
is concerned, the author has very wisely 
restricted himself to the use of simple 
optical and electrical diagrams, and of 
block diagrams for electronic circuits. 
The use of elaborate circuit diagrams and 
of photographs has been, in the reviewer’s 
opinion, very properly eschewed. The 
balance between theory, practice, and 
applicability is, on the whole, a very proper 
one. 

It is possible to go through the book, 
and to select individual specific items and 
to argue that the author might have done 
something else other than that which he 
did do. However, this would be rather 
silly since the book, as a whole, is ex- 
cellent. Actually, the reviewer considers 
this book to be by far the most satis- 
factory book in the area of textbooks for 
‘fnstrumental analysis’? which has yet 
been published. The book can be heartily 
recommended to teachers looking for a 
satisfactory advanced undergraduate and 
graduate student text as well as to chem- 
ists who would like a review or refresher 
survey in certain techniques of analytical 
importance. 

PHILIP J. ELVING 
University oF MicHiGAN 
Ann ARBOR, MICHIGAN 


INTRODUCTION TO ORGANIC 
CHEMISTRY 


Louis F. Fieser, Sheldon Emery Professor 
of Organic Chemistry, and Mary Fieser, 
Research Fellow in Chemistry, Harvard 
University. D.C. Heath and Co., Boston, 
1957. 614 pp. 18 X 24cm. $7. 


Tuis new Fieser and Fieser textbook of 
organic chemistry replaces the books pre- 
viously entitled “Organic Chemistry, 
Abridged Edition” (1944) and “Text- 
book of Organic Chemistry”’ (1950). It 
is more than a mere revision of the earlier 
books. New in name and attractively 
modern in format, the text differs from the 
earlier ones not only in these two features 
but also in scope and in organization. 
More basic theory is included, and new 
theoretical concepts are introduced at the 
places where the concepts are first ap- 
plicable. An interesting and _ entirely 
new addition is the part dealing with the 
application of reactions and principles to 
research. 

The book is divided into two sections. 
The twenty-eight chapters of Part I 
take up systematically, in four hundred 
and ninety-eight pages, the essential 
principles of organic chemistry; and, 
as stated by the authors in the pref- 
ace, ‘“‘includes about all the facts and the- 
ories a student can be expected to assim- 
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all the exciting new discoveries 
of the past decade... the 
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cance of early discoveries in 
terms of what we know today 
and incorporating all the new 
factual and anecdotal material 
that has come to light. 


SPECIAL CHAPTER ON ELE- 

MENTS DISCOVERED BY ATOMIC 
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Leicester, Ph.D. 


328 PAGES LONGER THAN FIFTH 

EDITION! Packed to the covers 
with fascinating and enter- 
taining new material. 


GREATER READABILITY! Com- 
pletely new format and type 
style have been employed to 
assure easy-to-read legibility 
throughout. 


TEACHER, STUDENT OR SEA- 

SONED CHEMIST, reading for en- 
joyment only, will find Dis- 
covery of the Elements an un- 
usual treat. Rarely has so 
much instructive information 
been presented in such delight- 
fully entertaining fashion! 

920 pages $10.00 postpaid 
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Tuo fine tents published last Spring already used in scores of colleges 


FIESER AND FIESER: INTRODUCTION TO ORGANIC CHEMISTRY 


Already in its third printing, this text has been 3. Structural formulas and diagrams 
enthusiastically accepted and praised for these 4. Problems and answers 


special features: 5. Chapter summaries 
1. Marginal guides; wide margins for notes 6. Applications to Research 
2. Cross references 620 p. $7.00 


L. F. FIESER: EXPERIMENTS IN ORGANIC CHEMISTRY, THIRD EDITION, REVISED 
Can be used as a laboratory supplement for Introduction to Organic Chemistry. 364 p. $5.50 


NEBERGALL AND SCHMIDT: COLLEGE CHEMISTRY 


“An excellent Freshman textbook, well illustrated by diagrams and pictures. I particu- 
larly like the early mention given to molecular and atomic structure.” 

“Integration of qualitative analysis with general chemistry will prove helpful.” These and 
other highly favorable comments attest to the immediate approval that this text has 
received. 796 p. $6.75 


HERED AND NEBERGALL: BASIC LABORATORY STUDIES IN COLLEGE CHEMISTRY 
216 p. $3.00 


D. C. HEATH Anp COMPANY Some oFrice: Borton 16 


“LINDE” M.S.C.rare gases are the purest obtainable 


pH 
READINGS... 


HELIUM - NEON - ARGON - KRYPTON - XENON 


LINDE rare gases are produced under continuous anywhere— 
mass spectrometer control to assure you of gases 
of known purity and consistently high quality. instantly 
They are stocked at convenient locations through- 
out the country in glass bulbs and steel cylinders. with 


LINDE, the world’s largest producer of gases from 
the atmosphere, offers the services of its tech- 


nicians and engineers to all of its customers on the ANALYTICAL POCKET pH METER 


their rare gas problems. 


Write for the booklet, “LinpE Rare Gases” Completely self- oe size: 2 X Sh X 2% 
which contains information on the physical, chem- contained in water- Case size: 3% X 6% X 4% 
ical, and electrical properties of these gases. proof, ever-ready inches 


case. Weight with accessories: 3 Ibs. 


Visit our Booth No. 314 
at the Chemical. Show 


nn 
LINDE COMPANY ! 
| Ue ANALYTICAL MEASUREMENTS, INC. 
Division of Union Carbide Corporation | 7) } 
send co ee | Please send full information about your pocket pH meter to: | 


is a registered trade-mark of Union Carbide Corporation. 
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ACCURATE TO WITHIN + 3% 
Trubore tubing assures accuracy 


and interchangeability 
within each pressure range. 
Now supplied with hammer-tone grey 
metal stand for greater stability. 
New metal locking device has 
positive holding action—eliminates 
need for glass hooks and springs. 
Gauge will hold at any position 
to which it is rotated. 
Pressure Range Lowest Reading 

mm. Hg. mm. Hg. 

0-1.0 0.001 

0-5.0 0.005 

0-10.0 0.010 

0-15.0 0.050 
No error due to change of shape of 


meniscus 8726 
GLASS INCORPORATED 


VINELAND * NEW JERSEY for details and prices 


Midwestern Division 


LOUISVILLE, KY.—Box 


hd mows its way 
: around every Lab! 


NALGON 
Plastic Tubing , 


at meets virtually every lab 
requirement . . has all the properties necessary for.success in modern 
hemistry. Perfect flexibility for greater speed of operation . . . glass- 
\glear sxGrisparency and excellent dimensional stability, for better 
Control . . . non-toxic with high chemical resisteg 
And it's economical too! Less than 15c per ft. for the 
"aal4” ID with 1/16” walls. All sizes from 1/8” through 
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ilate in a one-year course.’’ The chapters 
follow each other in a logical manner. 
Everywhere a direct and modern approach 
to the presentation of the study of organic 
chemistry is evident. Study aids are 
many ana include marginal captions as 
well as side and center headings, chapter 
summaries, well chosen problems at ends 
of chapters, visual aids by way of dia- 
grams and photographs, and interesting 
references for additional information and 
interest of the student. 

Applications to Research, Part II, con- 
tains twenty-four sections, each of which 
is to be considered after the study of an 
indicated chapter in Part I. The stated 
purpose of this part of the text is “‘to il- 
lustrate some of the ways in which re- 
actions and principles of organic chemistry 
have been employed in specific research 
projects.”’ It is stated that the researches 
were selected on the basis of interest and 
appropriateness as illustrative examples, 
and not for their estimated relative im- 
portance. The selections cover some work 
of recent date and some work of historical 
interest. They represent a variety of 
fields beginning with a consideration of 
cosmene (after Chapter 7, Alcohols) and 
ending with synthetic alizarene (after 
Chapter 28, Polynuclear Hydrocarbons). 
One problem in this section should provide 
fun in work for the student. The ex- 
perimentally determined facts leading to 
the elucidation of the structure of chlor- 
amphenicol are given, and the student is 
asked to interpret the results, step by 
step. He may check himself by the anal- 
ysis of data given in the section, Answers 
to Problems, in the back of the book. 
Whether the material in this section is 
used in lecture, class discussion, or as as- 
signed reading, a consideration of the ma- 
terial by the student should give him a 
good idea of how problems originate, how 
they are solved, and some notion of the 
extensive amount of experimentation 
many times necessary in solving them. 
The location of literature references in this 
part is left to the student. 

With all of the above fine features, the 
text like other Fieser and Fieser books is 
readable and interesting. Designed as it 
is with the needs of modern students in 
mind, this textbook should make the 
study of organic chemistry more inter- 
esting and more effective from the point 
of view of both faculty and student. 


NAN. V. THORNTON 
WomMAn’s COLLEGE 
LYNCHBURG, VIRGINIA 
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Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
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Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


We recommend... 
“SOLIDSLIQUIDS - GASES: 


= 


S$ -S 3SV9- 


“The Versatile Desiccant” 
For Drying 


SOLIDS — LIQUIDS — GASES 
in 
INSTITUTION — INDUSTRY 
LABORATORY — PLANT 


Efficient— Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO, per liter. 


Versatile— An all-purpose desiccant. 


Non-Wetting—Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers 


or desiccators. 


Neutral—Dries without reacting with either 
acid or alkaline materials. 


Inert—Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 
Regenerative Repeatedly after any normal 
use, by dehydration at 200 to 225°C. 


Economical—Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 


References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 
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BUCHNER FUNNELS ~] 
HIGH TRANSMISSION— 


Unbreakable 


two piece 


FILTERS 


Farrand Interference Filters enable 
isolation of narrow regions of the 
THREE SIZES BU-55  BU-70 spectrum and thereby afford opti- 
mum selectivity. Their excellent 
optical qualities provide high trans- 
mission. They are permanent to nor- 
price, each $ 2.75 5.00 mal atmospheric conditions—not ENGINEERING 
case 18.00 25.00 affected by heat because radiation, | ESEARCH 
quantity in case 8 LOPMENT 


filter paper size, mm 55 70 
approx. cup capacity, ml 75 165 


6 which is not transmitted, is reflected | DESIGN ang 
through leading supply houses or direct — not absorbed. MANUFACTURE 


ask for latest bulletin describing our complete line BULLETIN No. 800 UPON REQUEST PRECISION 
minimum order $10.00 
and 


FARRAND OPTICAL CO., Inc. 
PIONEER PLASTICS | BRONX BLVD. & EAST 238th STREET LMSTRUMENTS 


BOX 38 FAR HILLS BRANCH DAYTON 19, OHIO NEW YORK 70, NEW YORK 


avatlalle... ="..... most useful reference."= 


Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


Acenaphthylene; Acetobromoglucose,' Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetvipyridine, Acetylthiocholine lodide; 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate, 
Adonidine; Alanylglycine; Alkaloids; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; |-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; - 
benzoxychloride; Carnosine; Catal 2 Cellulase; Cerotic Acid; 
Ceryl Alcohol; a-Chloralose; p-Chloroanilidophos- 
phonic Acid, p-Chloromercuribenzoate Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoie Acid; Isoascorbie Acid; Isocitric Acid; Isocytosine; 
ic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
tic Acid; Lithium Amide; Maergatic Acid; Menthol Glucuron- 
ide; §-Merceptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
Naphthy! Red; Neurine Bromide; 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 


Science Education, April 1954 
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{METAL CAN 


Developed by Dr. J. B. Brown, Director of the Institute of Nutrition 
and Food Technology and Professor of Physiological Chemistry of the 
Ohio State University in the course of his work on fatty acids. 

Inverted suction filtration is particularly useful in the separation of fatty 
acids and similar compounds by means of low temperature crystalliza- 
tion. The technique can be adapted to many other procedures in or- 

In use a funnel with filter paper attached is lowered as illustrated 
above into a becker containing precipitate and liquid. The supernatant 
liquid is removed by suction, leaving the precipitate to be washed and 
collected. The technique is fully explained in the descriptive bulletin which 
is available upon request. 


Diomerer Demeter Dromerer 
Diemeter Peri. Area Perforations End of Stem 
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New! URRY AUTOMATIC 
TOEPLER PUMPS 
for high speed 
pumping ! 
@ Compact design 


@ Rugged construction 


@ Created by skilled, experi- 
enced craftsmen 


@ 250, 500, 1000 mi capacities 


@ We also supply relay for 
unit 


@ Prices on Request 


Eck & Krebs, pioneers in ap- 
paratus design and construc- 
tion and Precision Ground 
Stopcocks for high vacuum 
work can manufacture in our 
own plant any apparatus to 
your specifications, promptly 
and economically. 


We will be glad to consult 
with you on your apparatus 
needs—no obligation. 


Glas: 


27-09 40th Avenue e Long Island City 1, NL YY. 
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Other Gow-Mac Analyzers include: 
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trol, or hydrogen burn-out 
and uniform quality of cylinder 
mixes and cascades. 

“GAS MASTER" — For closely linked 
laboratory systems. Has all compo- 
nents in a single package. 

GAS CHROMATOGRAPHY T/C CELLS 


3 (Detectors) 
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and drying by 
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sealed in 
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© EVAPORATION WITHOUT BOILING 


© DRY CLEAN RESIDUE, NO MATERIAL LOST 
© RAPID. ECONOMICAL. REQUIRES NO ATTENTION — 


The radiated energy is absorbed by the upper 
layer of liquid which evaporates rapidly while 
the balance of the liquid and the crucible re- 
mains cool. An ideal, all purpose laboratory aid 
that can also be used for drying, heating and 
many other purposes. Write for Bulletin. 
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CHEMICAL RUSSIAN 
Self-Taught 


by James W. Perry 


“Dr. Perry’s book will be par- 
ticularly welcome to those chemists 
and chemical engineers who are not 
connected with some large firm or 
organization employing a qualified 
translator. A surprising number of 
the free-lance technical translators 
available do not have an elementary 
knowledge of chemistry, and their 
English is of even more doubtful 
quality than their Russian... .. 


‘Since really qualified translators 
are rather expensive, anyone who 
needs to refer to Russian periodicals 
with reasonable frequency, would 
find it well worth his while to study 
Russian for himself. The language, 
and especially its technical form, is 
not particularly difficult to learn. 
It is reasonable, direct and pho- 


“Since every chemist has to be 
reasonably intelligent, he needs 
only persistence and Chemical Rus- 
sian, Self-Taught to learn this scien- 
tifically important language. Dr. 
Perry says that it would require 
approximately a year, with an 
hour’s study each day, to learn to 
read Russian fairly well. All pro- 
gressive scientists have considerable 
experience in studying by them- 
selves, however, and should absorb 
a great deal more knowledge in a 
given period of time than the aver- 
age student. I therefore feel that 
anyone devoting half an hour each 
evening to Russian instead of the 
usually recommended cultural liter- 
ature, could master technical Rus- 
sian adequately in six months. 


“Any chemist at all interested in 
studying Russian should be much 
encouraged on reading Dr. — 
chapter entitled Suggestions for 
Study Methods. Here the approach 
to study of Russian is analyzed 
logically and clearly. And he will 
certainly want to take advantage 
of all the useful material packed so 
solidly into the thoughtfully organ- 
ized chapters on Vocabulary Prob- 
lems, Inorganic Chemical Nomen- 
clature, Organic Chemical Nomen- 
clature, and Russian Grammar, as 
well as the Glossary of Technical 
Terms which contains almost 2,000 
words. In fact, this book would be 
a good investment even to those 
chemists who want to learn only 
enough Russian to read the titles of 
technical articles.” 


Ludmilla I. Callaham, 
CHEMICAL ENGINEERING 


$4.00 
Chemical Education Publications 


2040 NORTHAMPTON STREET 
EASTON, PENNSYLVANIA 


221 pages 


You can learn Russian 


Edward Williams Morley 


His influence On Science In America by Howard R. Williams 


This well written intensely human story of a pioneer in chemical education 
makes absorbing reading. Through careful and exhaustive research, 
Dr. Williams has gathered all available information about Morley the 
leader, the educator, the researcher and the man and presents it with a 
warmth and depth that enables you to feel the greatness of this scientist. 
“Edward Williams Morley was an extremely important figure in the field 
of science during the late 1800’s and early 1900’s. There was so much 
that was admirable and worthy of preservation in his character, in his 
daily life, and in his scientific work that it seemed that someone ought to 
take the time and interest to gather all the available information on this 
eminent scientist, and to put it into form so that future generations of 
young scientists might have the benefit of his scientific experiences and 
his living greatness. 

“His former students and associates think highly of him, and now and 
again tell an incident from his life to show the present generation what 
giants lived of old, but there has been no organized attempt to preserve 
his memory for posterity and he is rapidiy becoming a legend rather than 
a living being who once walked the campus paths of Western Reserve 
College and University. 

“T found a personal interest in Morley’s life because of my position as 
teacher of chemistry at Western Reserve Academy which is now located 
on the campus of the old Western Reserve College where Morley began 
his career as teacher and research worker extraordinary. I was in almost 
daily contact with the building where he worked, the house where he 
lived, the campus views which he looked upon and the paths which his 
feet had helped to wear. It seemed the most natural thing in the world 
that I should feel almost as his direct heir and get the urge to do something 


of lasting service to his memory.” 
From the Author’s Introduction 
* rewarding biography belongs in the library of every chemist, educator, 
EDWARD WILLIAMS MORLEY, His Influence on Science in America 


by Howard R. Williams, 324 pages including 45 halftone & 50 
illustrations 


Chemical Education Publishing. Co. 


EASTON, PENNSYLVANIA 


A606 


JOURNAL OF CHEMICAL EDUCATION 


ew Inspiring Biography .. . 
A 
J 
| 
| | 
N 
re 
; 
cn 
| 
4 
E 


TION 


APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


VISUAL and PHOTOELECTRIC 
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RARE and FINE ORGANICS 


Available from Stock | 
2-ACETAMIDO-4- | 
NZOIC ACETOPHENONE | 
CID beta-MERCAPTO- 
4-AMINO- OPIONIC AciD | 
BENZONITRILE _N-NITROSO | 
4-AMIN METHYL UREA 
PHENYLETHYL- §PERYLENE | 
MINE TETRACARBOXY- | 
4-CY ANOBENZ- Lic ACID 
ALDEHYDE DINE I 
p-BROMO ALDEHYDES (1, 2, | 
ANDELIC ACID _ or 3) 
“DIMETHYL UVAMIDE | 
ACRYLIC ACID RUBRENE | 


METHYL XANTHENE-9-CAR- 
NAPHTHALANES BOXYLIC ACID 
(all isomers) 


Incorporated 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 29-46 Northern Blvd. LIC. 1, N. Y. 
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CHEMICALS 


p-Phenylbenzaldehyde 
* a-Phenylglucoside 

* Phenylindandione 

* 2-Phenylindole 

* Phenyllactic Acid 

¢ Phenylmercuric Borate 
¢ Phenylmercuric Lactate 
8-Phenylserine 

* Phenylthienyl Ketone 

Phloxin 

* Phosphorus Nitride 

Phosphorus Trisulfide 

* Phosphotyrosine 

o-Phthalaldehyde 

* Phthalocyanine 

Phytase 

* Picene 

Picrylsulfonic Acid 

* Pinacryptol Green 

* Pinacyanol Chloride 

* Polyporic Acid 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. 2 
Plaza 7-8171- 


VOLUME 34, NO. 12, DECEMBER, 1957 


Send for our 1957 - 1958 
Catalog listing the finest 
organic chemicals available 


H&S CHEMICAL 
CORPORATION 


168 EATON STREET 


BUFFALO 8, NEW YORK 
CHEMICALS 
METALS 


RARE 


SCANDIUM & YTTRIUM METALS 
Send for New Lists 
A. D. MACKAY, INC. 


Details of the following products 
will be sent on request: Aids to 
Microscopy—Non-Drying Immer- 
sion Oil; Certified Index of Refrac- 
tion Liguids; Field Finder for Micros- 
copy; Reference Sets of Minerals, 
Furs, Fibers, Starches. Also Heavy 
Liquids for sink or float tests on 
solids; Gem Testing Sets. Also 
Boiling Stones—anti-bumping agent 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty St New York 6, N. Y. 


| AMMONIUM GLYCOLLATE l 
BARIUM GLYCOLLATE 
ISOPROPYL GLYCOLLATE I 
| Some of the many special chemicals we l 
manufacture 


CITY CHEM 
New York 11, N.Y. I 


‘ Write for our list of rare chemicals | 
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The important Third Edition of 


INSTRUMENTAL METHODS 


ANALYSIS 


IN A CONVENIENT 6 x 9 LETTERPRESS EDITION. 
WILL BE PUBLISHED ON JANUARY 2. 1958. 


NEW ¢ Nuclear magnetic resonance spectroscopy 


(for the first time in any instrumental textbcok) 


CHAPTERS 


by HOBART H. WILLARI, Professor 
Emeritus of Chemistry, University of Michigan; 
LYNNE L. MERRITT, JR., Professor of 
Chemistry, Indiana University; and JOHN A. 
DEAN, Associate Professor of Chemistry, Uni- 
versity of Tennessee 


¢ Gas chromatography 


ON ° Infrared spectrophotometry 


This popular text now appears in a convenient 
6x9 letterpress edition, in which every chapter 
but one has been completely rewritten to 
accommodate new material on current in- 
struments and methods. Included are 
Raman spectography, flame photometry, 
radioactivity, coulometric methods, and en- 
thalpy titrations. The third edition places 
greater emphasis on theoretical material; 
at the same time, its descriptions of instru- 
ments and working directions for laboratory 
experiments remain the most complete and 
detailed now available in a textbook. 

Of special interest are a lengthy chapter on 
flame photometry, an added chapter on infra- 
red spectrophotometry, and expanded treat- 
ment of coulometric titrations. Fluorescence 
and near infrared methods are also given 
fuller treatment. A short chapter on nuclear 


D. Van Nostrand Company, Inc. 


120 Alexander Street e Princeton, N. J. 


magnetic resonance spectroscopy introduces 
this increasiniy important subject for the 
first time in any instrumental textbook. A 
new chapter on gas chromotography is also 
added. The treatment of pH _ standards 
conforms to the recommendations of the 
National Bureau of Standards. 


The more than 350 illustrations include 
the latest models of significant instruments. 
For each class of equipment, the text shows a 
photo of representative equipment, generally 
accompanied by an explanatory line diagram 
or cut-away drawing. Students thereby learn 
the operating principles and techniques of 
commercial apparatus even if the particular 
apparatus is not available in the school 
laboratory. 


Write for examination copies. 
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ANNUAL INDEX—JOURNAL OF CHEMICAL EDUCATION 
VOLUME 34, 1957 


titles to articles; the books reviewed are listed in a separate 
section. The principal subject entries are distinguished from titles 
by printing the former in italics. Portraits, including medals, are 
indicated by (P), letters to the editor by (L). 


The annual index for Volume 34 of the JourNAL or CHEMICAL 
Epvucation is divided into several parts. Authors are listed in 
three sections: authors of articles, books reviewed, and letters 


to the editor. 


Asernetuy, Joun Leo. Assignment of p 
and L prefixes to the fartaric acids 
150, (L)362, (L)566 
Personalities and trends (PSACT) 
ABRAHAMS, Harotp—See Mires, Wynp- 
HAM D. 
AvpeRN, D. K. Sodium through glass 
Atyea, Husert N. Demonstratibn ab- 
A37, A85, A137, A187, A247, 
A289, A313, A359, A391, A487, A534, A581 
AMUNDSEN, Rosert L. Tested demonstra- 
tion. Catalytic decomposition—a per- 
oxide rocket 
Arnotp, R. G., J. A. Newson, anv J. J. 
VERBANC. Organic isocyanates— 
versatile intermediates if 
Auprietn, L. F. Nitrogen derivatives of 
phosphorus and sulfur 


Bamar, Joun C., Jn. The numbers and 
structures of isomers of hexacovalent 
complexes 334, (L)623, (L)626 

Barve, OapEN, AND JOHN Banewicz. The 
analysis of a silver-copper alloy 

BaNEwicz, Joun—See Batne, OGDEN 

BaRKER, JoHN W. Tested demonstration 
—Heat conductivity of gases 

BARRETT, MILDREp A.—See 
Ricwarp L, 

Barrett, Ricuarp L. Tested demonstra- 
tion—Indicators and pH 

AND Mitprep A. Barrett. 
most cited by ch 


Bartow, Virainia. Philosophical studies 
of the Duchess of Newcastle 

Bassow, Hersert—See Gips, Tuomas R. 

P., Jz. 

Benepetti-Picuter, A., FRANK 
ScHNEIDER, AND Orto F. STeinBacu. 
Qualitative analysis in the training of 
chemists 381 

Benrey, O. THeopor. Dimensional analy- 
ysis of chemical laws and theories 286 

Berrs, Franx—See Brusaker, C. H., Jr. 

BituinGer, Rosert D. Dexter award in 
history of chemistry to Ralph E. 


BrRDWHISTELL, R. K. Tested demonstra- 
tion—Flocculating agent 

BLACKWELL, R.QueNTIN. Schematic mod- 
els of biochemical polymers 

Buatcurorp, JoHN K.—See 
Jerome H. 

Buoom, J. Improvised traps for vacuum 


Lupwie, 


Bonner, O. D. Use of ion exchange resins 
with nonaqueous and mixed solvents. . . 
Brastep, Rospert C. Achievement in 
first year college chemistry related to 
high school preparation 
Brockman, C. J.—See Waters, K. L. 
Brown, Curtis L., anp JupA FRANKL. 
The scientific literature of Israel 
Brown, James R. A technique for vacuum 
filtration 165, (L)574 
Brown, Micuaet P., anp GERALD W. A. 
Fow.es. A simple, greaseless, vari- 
able take-off still head 234 
Brupaker, Cart H.,Jr. Textbook errors: 
guest column. The nature of ionic and 
molecular species in sulfuric acid 325 
anp C. E. Jounson, C. P. Knop, anp 
Frank Betts. Apparatus for iso- 
biestic measurements 


The subject index includes both subjects and 


AUTHOR INDEX 


J. Historical perspectives 
in twentieth century chemistry 452 
Button, Date W. Building a natural 
rubber latex compound 255 


Catvert, Jack G. Introductory remarks 
to symposium on recent advances in 
photochemistry 
CampBELL, J. ARTHUR. Some simple solid 
state models 
Tested demonstrations: 
Beating heart 
Color reactions: red, white, blue 
Conductivity test set 
Hydrogen bonding in liquids........../ A105 
Inflammability and density of vapors A375 
Caruin, Joun J. Do courses in chemistry 
and physics at the high-school level 
contribute to success in beginning col- 
lege chemistry? 25, (L)311 
Carr, Emma P. (P) Research in a liberal 
arts college 
Cuampitt, Bert H. Crossword puzzle... . 
Conrap, FRANKLIN, AND Witiiam W. 
Saprn. Motor fuel quality as related 
to refinery processing and antiknock 
compounds 
Coox, Ciarence L. A compact, low-cost 
electrodeposition apparatus 
ETHALINE, AND W. P. CorTeL- 
you. National Cooperative Under- 
graduate Chemical Research Program 
Cortetyou, W. P.—See 
EvHALINE 


i 


Dasent, W. E. Textbook Errors: guest 
column. Arsenic(V) chloride 

Davipson, Norman. New techniques in 
photochemistry 

Davy, Humpurey. On the education of 
achemist. Editor's outlook 

deBrruune, ANDRE J.—See Licnt, Trvu- 
MAN 

pE Heer, J. The principle of Le Chatelier 
and Braun 

De La Mare, Harowp E., anp E. 
VauGHan. Chemistry of organic free 
radicals in the vapor phase. 
I. Detection and reactions of free alkyl 


II. Reactions of alkoxy and alkyl- 
peroxy radicals; energetics of some 
alky] radical reactions 

DeVries, DaLte—See Woxituuis, ENNO 
DeVries, R. C.—Sce Westsrook, J. H. 
Dopp, Tuomas N., Jr. A simplified mag- 
netic rotation apparatus 
Drago, Russett 8. Chloramine 
Dounsar, R. E. Tested demonstrations: 
Color reactions 
Sublimation pressure visualized. . . 
Dutton, F. B., Editor. Tested demonstra- 
All, A463, A105, A169, A209, 
A265, A303, A347, A375, A481, A525, A575 
Dutton, Freperic B. (P). The ‘‘chem- 
ist’s’’ part in teacher training programs. 
Editor's outlook 
anp Girtt Gorpon. Tested demonstra- 
tion—Colored clock reactions. . A303, A375 
Duveen, Dens I. Antoine-Laurent 
Lavoisier and the French revolution— 


Dexter award in history of chemistry to 


Easrman, Ricuarp H. A chemistry course 
for high-school teachers 

Epwarps, Joun O. Reaction rates for the 
practical chemist 

Ercuineer, Jack W., Jr. Electron chart, 


Teaching electron configurations 
George H. Tall oil and terpene de- 
rivatives 
Eviet, Ernest L., Tuomas J. Prosser, 
anp GrorGce W. Youne. The use of 
mass spectrometry in organic analysis. . 


Feiat, Fritz. Spot reaction experiments 
(Tr. by E. Oesrer) 
Fieser, Louis F. (P) Making an instruc- 
tional film 
R dations for 
cal schools 
FirzpaTRIck, 
MosHe 
Forses, Grorce 8.—See ArtTuur A. 
VERNON 
Forses, W. F., anp G. M. Story. Science 
and the humanities: the unity of knowl- 


D.—See Isu-SHAtom, 


Foster, Duncan G. Reading for honors in 
chemistry 

Fow.es, Geratp W. A. Lone pair elec- 

—~See Brown, Micnaet P. 

Fox, Sipney W. The chemical problem of 
spontaneous generation 

Frank, Ricwarp E. Identification analy- 
sis, a stimulating revival of qualitative 
analysis 

Frank, Jupa—See Brown, Curtis L. 

Freiser, Henry. Why teach qualitative 
analysis? 

FREUDENBERG, Kari. The beginnings of 
chemical instruction at Heidelberg. . . . 

Futter, Epwarp C. Chemistry in per- 


Fuiimer, J. Z. On the education of a 
chemist. Editor's Outlook 

Funk, Cuaries E., Jr. The information 
center of American Cyanamid's Stam- 
ford Laboratories 


Garuanp, Cart W. Elastic properties and 
specific heats of solids 
Gayer, Kari H., anp Leo Woontner. 
The stability of iron(II) hydroxide... . 
Gaytorp, Norman G. Reduction with 
complex metal hydrides 
Gres, Tuomas R. P., anp HERBERT 
Bassow. Construction of crystal 
models from styrofoam spheres 
Guuetrr, E. C., Jr. Tested demonstra- 
tions: 
Di pl t of hal gases 
Oxidation and reduction of ions at 


Esmarcu S. What topics be- 
long in a modern course in qualitative 


Dye, J. L. Model of a potential energy 

356 

47 
The . 
504 

613 
72 

457 
3 

242 

oil . 594 
engineers 35 

294 
187 

535 
472 
126 
105 383 
387 : 
375 

Oesper 106 181 

507 
lines 

597 

178 

367 

99 
A265 

electrodes .. A209 

631 


Grreesan, SANKARANARAYANA—See VIS- 
WANATHAN, ARCOT 

Guapievux, J. An_ industry- 
sponsored program for gifted high- 

Jack M., M. Mc- 
Nass, AnD J. Frep Haze. Student- 
built spectrofluorometer............. 

Gonicx, B. Organic chemistry, Form M. 

Gorpon, Git—See Durtron, F. B. 

Gorman, Meu. Evidence from infrared 
spectroscopy for hydrogen bonding, 


Some electrochemical experiments for 
Greene,8.A. The application of gas chro- 
matography to the analysis of chemical 
reactions in flow systems............. 
Guerra, Jorce. Logarithmic triangular 
Gunnina, Harry E. The study of free 
radical reactions through photochem- 


Haun, Ricuarp B. Introductory re- 
marks to symposium on qualitative 


Hammer, Robert N. Tested demonstra- 


tion—The reacti of and 


456 


604 


146 


Hart, Epwin J. Chemical effect of ion- 
izing radiations on aqueous inorganic 

Hartman, L. Wohler and the vital force. . 

Hass, H. B. Sucrochemistry and the 
world food problem................. 

Hausen, 8. Tested demonstration— 
Chemistry in photography........... 

Hazen, J. Frep—See Goupstein, Jack M. 

Herron, Frep Y. Tested demonstration 
—Electrode potentials, hydrogen elec- 


Hitter, Maynarp A.—See Jack 


E. 

Honie, J. M. Imperfections in crystals. 
I. Lattice vacancies and atoms in 
interstitial positions........... 
II. Color centers, dislocations, pho- 
nons, and excitons............. 
Hosen, M. Scientific and technical litera- 

ture of the U. 8. 8. R. 
II. Facts and figures............... 
III. Distribution and availability... . 
Hvuaerns, Maurice L. Hydrogen bonding 
in high polymers and inclusion com- 


Huwtme, Kinetic derivation of the 
gas equation and collision frequency... . 
Hunt, P. D.—See Rapvewt, Jack 


luric, Jupson L., anp Davin Y. F. Lat. 
Contact angle measurement.......... 
Isu-SHaLom, Mosue, J. D. Frrzparricx, 
AND Mitton OrcuHIN. Quantitative 
analysis by ultraviolet spectrophotom- 


Jennines, WaLter G. An apparatus for 
the microdetermination of melting 


Jounson, C. E.—See Brusaker, C. H., Jr. 
Jounson, Rowianp E. Dry box construc- 


Jones, Witu1am H. A demonstration of 
rapid radioactive decay.............. 
Joseru, Guenn H. Chemistry of citrus 


Kaun, Muton. A simple kinetic model 
for single and consecutive first order 


W. G. A graduate chemistry 
course for teach y and 


196 


496 


95 


Kimper.in, C. N., Jr. Chemistry in the 
manufacture of modern gasoline...... 
KrrscHner, STANtey. A simple, rapid 
system of coding and abstracting chem- 
ical literature using machine-sorted 
Kirrstey, Scorr L. Physical chemistry, 
Knop, C. P.—See Brusakenr, C. H., Jr. 
W. Titrimetry in the 
study of inorganic reactions in non- 


Lar, Davip Y. F.—See Turia, Jupson L. 

Lakatos, B.—See Szaso, Z. G. 

LamBertT, Frank L. Atomic and molec- 
ular orbital models. 

Lanp, James E. The use of nephelometric 
measurements to determine the pres- 

Lanerorp, Ropert B., anp Danie, Davip 
Lawson. Characterization of organic 
compounds with 2,4-dinitrobenzenesul- 

Larsen, Epwin M. The crisis in inorganic 


LAvVRAKAS, VASILIS. Textbook errors: 
guest column. The lubricating proper- 

Lawson, Dante, Davin—See LANGFoRD, 
Rosert B. 

Leicester, Henry M. Mendeleev’s visit 

Recent methods for the prevention of 


569 


170 


217 


38 


510 


331 


Lemuicu, Rospert. ‘‘Two-penny’’ experi- 

ments in chemical engineering........ 

Levey, Martin. Chemistry of t ing in 
Bf, + 


The determination of normal boiling 
points at high altitudes............... 
Lewis, F. A. Anillustration of the absorp- 
tion of hydrogen by metals........... 
Lewis, Harry F. Editor’s Outlook...... 


Lipsy, F. opes in istry 


Licut, Truman S., AND ANDRE J. de- 
Beruune. Recent developments con- 
cerning the signs of electrode potentials 

Locxuart, Lutuer B., Jr. Radioisotopes 

Lonevet-Hiaains, H.C. A periodic table 

Luper, W. F., E. F. McCarren, Jr., AND 
A. A. Vernon. A combined oscillator, 
amplifier, and power supply for con- 

Luptum, Roserr P. A_ student-con- 
structed science building............. 

Lupwie, Jerome H., anp Joun K. Buatcu- 
FrorD. Animprovedstirrer.......... 


Mack, L.—See BERNARD 
Marcus, J.—See McLacuian, 
Dan, Jr. 
Marion, SrepHen P. Processing color 
AND JAMES PsrHas. Rapid chromato- 
graphic analysis of Group I cations, A. . 
Marquanp, Cart B. Contributions to 
better living from Chemical Corps re- 


McCarren, E. F., Jr.—See Luper, W. F. 
McCoutvum, E. V. The spirit of technologi- 


MclI.uenny, Ropert C., anp GeorGe K. 
Scuweirzer. Compact kit for beta 
particle scattering experiments........ 

McLacuian, Dan, Jr., AND J. 
Marcus. The statistical i 
basis of Trouton’s rule............... 

McNass, M.—See 
Jack M. 

McNessy, J.R. New techniques of photo- 
chemical synthesis.................. 

McQuira, J.—See Mitter, Donato G. 

McRary, L. Chemistry instruc- 

tion in California high schools........ 


489 


142 


433 


616 


441 


87 


532 


354 


130 


Me taven, A. D.—See Woon, J. H. 
Mives, Wynpuam D., anp ABRA- 
HAMS. The public chemistry lectures of 
Mutter, Donap G., anp ELLEN Mocue.. 
“Contributions to thermodynamics: 
the inconsisvency of thermodynamics,”’ 


450 


Miuuier, Lewis E. The international geo- 

physical year 1957-58 and chemistry.. 4.0 
Ricnarp W. Der Student, die 

Mitts, Cuaritotre P. A colorless solu- 

tion containing cobalt and nickel ions, 

Mocue., ELtEN—See Miver, Donap G. 
Morrat, F. R. From Cabul to cobalt.... 135 
Morrison, J. A. Surfaces of solids....... 230 
Mowery, Dwient F., Jr. A portable mix- 

ture calorimeter of high absolute ac- 

Musvu.uin, Boris. Financial support for 

chemistry graduate students.......... 615 
Myers, R. Tuomas. A nomograph for cor- 

rection of boiling points.............. 58 


Mysets, Karou J. Textbook errors. 
X. The classification of crystals 


40, (L)259, (L)310, (L)458 


XI. The production of mercury 
Guest column. E. A. Peretti 
XII. The lubricating properties of 
graphite. Guest column. 
Vasitis LAVRAKAS............ 


XIII. The nature of ionic and molec- 
ular species in sulfuric acid. 
Guest column. Cari H. Brvu- 
XIV. Arsenic(V) chloride. Guest 
column. W.E. Dasent....... 


Nationat Bureau or STANDARDS. Tech- 
nical Report 2086. Reversal of parity 
law in nuclear physics............... 

Newson, J. A.—See ARNOLD, R. G. 

Netson, P. F. A chart of the stereochemi- 
cal relationships of the aldoses........ 

Nenitzescu, Costin D. Assignment of 
D and L prefixes to the tartaric acids 


135 


240 


288 


179 


Nicuoison, Dovetas G. Safe mixing and 


storage of acid or alkali solutions. .... . 254 
NIGHTINGALE, E. R., Jr. The use of exact 
expressions in calculating hydrogen ion 
Ronatp S. The renaissance of 
inorganic chemistry................. 166 
O’ Donne t, Sister M. Lawrence, R.S.M. 
A nine-day conference for high-school 
Oe.ke, C. Editor’s Outlook. 419 
Orsper, FE. ‘Chemical Atlas’’ by 
Edward L. Youmans................ 408 
OxtpHam, Morris M. General chemistry 
(exam), Form M, Review of.......... 146 
Orcuin, Mitton—See Isu-SHatom, Mosue 
OstwaLp, WALTER. Recollections of 
William Ostwald, my father. (Tr. by 
328 
Park, Bart. Tested demonstration— 
Electron flow in redox reactions....... A525 
Payne, Netiie M. How to write ‘‘cor- 
poration”’ in twelve foreign languages.. 499 
Peck, Perer A. A punched card perpetual 
Peretti, E. A. Textbook errors: guest 
Peterson, B. H. The solubility product 
constant for copper iodate: an experi- 
J.P. Anautomatic titrator..... 203 
Pinxus, A.G. Isotopicisomerism........ 209 
Pirts, James N., Jr. Relations between 
molecular structure and photodecom- 
112 
Poutsma, Marvin—See Wo.tuuis, ENNO 
Powe tt, Jack E., anp Maynarp A. 
Preparation of carbonate-free bases... 3:0 
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PROANO, OswaLpo E.—;See Levy, Luis W. 

Prosser, THomas J.—See Ernest 
L. 

Psinas, James—See Marion, STEPHEN P. 

Purpy, Witu1am C.—See Stock, Joun T. 


Jack, anp P. D. Hunt. Method 
for decolorizing chrematography solu- 
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Infrared spectroscopy for hydrogen bonding, 
The evidence from. Mert Gorman... 304 
Inorganic chemistry 
Arsenic(V) 535 
Dinitrogen tetroxide.................. 555 
Electronic structure................... 229 
He absorption by metals............... 601 
Isomers of complexes.................. 334 
Nitrogen pounds symposium........ 537 
N derivatives of Pand 8.............. 545 
Radiation chemistry.................. 586 
Inorganic chemistry, The crisis in. Epwin 
Inerganic chemistry, The renaissance of. 


Inorganic reactions in nonaqueous solvents, 
Titrimetry in the study of. OrLanp W. 


International geophysical year 1957-58 and 


chemistry. Lewis E. MiLuer...... 420 
Interstitial positions, Lattice vacancies and 

atomsin. J. M. Honig............. 224 
Introduction to symposium on nitrogen 

compounds. Harry H. Sister... .. 537 


Introductory remarks to symposium on 
qualitative analysis. Ricuarp B. 


Iodometric end point, Improved, in the 
presence of Cr*3. Arcot VISWANATHAN 


AND SANKARANARAYANA GIREESAN. . 154 
Ion exchange resins, Use of with nonaqueous 
and mixed solvents. O. D. Bonner... 174 


Tonic substances, A suggested convention 
for the representation of. Sraniey G. 


520 
Ionization 
Demonstration abstracts. Husertr N. 


Ionization equilibria of weak acids and 
bases and their salts, Application of 
logarithmic triangular charts to. JoRGE 


Iron(II) hydroxide, The stability of. Karu 
H. Gaver AND LEO WoonrTNER....... 178 


Isocyanates, organic—versatile chemical 
intermediates. R. G. ARNOLD, J. A. 


NELSON, AND J. J. VERBANC......... 158 
Isomerism, Isotopic. A. G. PInkus....... 299 
I iestie measur ts, Apparatus for. 


C. H. Brusaker, Jr., C. E. Jounson, 

C. P. Knop, anp Frank Berts....... 42 
Isoteniscope, Simplified, for vaper pressure 

measurements. James C. STERNBERG. 442 
Isotope effect, kinetic, Lecture demonstra- 


tion. Hen. ZOLLINGER.............. 249 
Isotopes in chemistry teach WiLiarD 

Isotopic isomerism. A. G. PINKUS........ 200 
Israel, The scientific literature of. Curtis 

L. Brown AND JupA FRANKL........ 301 
Japan, Sidelights on chemical education in. 

G. Ross ROBERTSON... ............ 44 
Jig for preparing punched cards, A. Cart 


Journals most cited by chemists and chemi- 
cal engineers. Ricuarp L. BARRETT 
AND Mivprep A. BARRETT....... 35 


Kenrvcky chemistry teachers take a look 
at the humanities. Sister M. Con- 


curra 0.8.U............... 250 
Kinetic derivation of the gas equation and 
collision frequency. RautpH Huutme... 459 
Kinetics of enzyme catalyzed reactions, The. 
Ladoratory apparatus 
Silies crucibles 155 
Laboratory demonstrations 


Laboratory experiments 
Assman and Kundt methods for measur- 


ing gas specific heats................ 78 
Beta particle scattering................ 33 
Chelates by nephelometry............. 38 
Chemical engineering.................. 489 

lectr h i 1 for 409 
Equivalent weight of metals........... 133 
Isopiestic measurements............... 42 
603 
Radioisotope sources.................. 602 
612 
Spectrofluorometer.................... 604 
Spectrophotometry................... 496 


Tungsten and thallium in qualitative 


Laboratory program in physical chemistry, 

A. Emu J. SLowinskI, JR.......... 351 
Language, Our constantly changing. JOHN 

Lantern slides, Technique for preparing. 

Lattice vacancies and atoms in interstitial 

positions. J. M. Howse... ......:.:. 224 


Lavoisier, Antoine-Laurent, and the French 
Revolution—II. DenisI. Duveen... 502 


Laws and theories, chemical, D 1 
analysis of. O. THropor BEeNrey.... 286 
Le Chatelier and Braun, The principle of. 
Lecture demonstration 
566 
Chemiluminescence.. .............. 275, 386 
H2 absorption by metals............... 601 
Sodium through glass................. 289 
Lecture demonstration of a kinetic isotope 
effect. ZOLLINGER............ 249 
Liberal arts college, Research in. Emma P. 
Carr AND Mary L. SHERRILL...... 466, 467 
Liebig’s Annalen der Chemie, The story of. 
H. 8. van 27 
Liquid state. Demonstration Abstracts... 
Logarithmic triangular charts—II. Jorce 


Lone pair electrons. Greratp W. A. 187 

Lubricating properties of graphite, The. 
Textbook errors XII. Vasimis Lav- 


Ma netic model for complex ions and mole- 
cules, A. Wrestey W. WENDLANDT... 223 
Magnetic resonance, Nuclear. Henry L. 
Magnetic rotation apparatus, simplified. 
Making an instructional film. Louis F. 


Mass spectrometry, The use of in organic 
analysis. Ernest L. THomas 


J. Prosser, AND GEORGE W. YOuNG.. 72 
Measuring the ratio of specific heats of a gas. 
JosepH A. SCHUFLE................. 78 
Medicine 
Anticonvulsant drugs................. 199 


Melting points, An apparatus for the micro- 
determination of. Waiter G. JEN- 


Mendeleev's visit to America. Henry M. 
Mercury, The production of. Textbook 
errors XI. E. A. Pererrr........... 135 
Metals, absorption of hydrogen by. F. A. 
Metals and nonmetals, An electronic dis- 
tinction between. R. T. SanpzRson. 229 


Method for decolorizing chromatography 
solutions. Jack RApELL anv P. D. 


Microchemical apparatus: a long-term proj- 

Mixing and storage of acid or alkali solu- 

tions. Dovugias G. NICHOLSON...... 254 


Model, A simple kinetic, for single and 
consecutive first order reactions. Mu1- 


Model, crystal, A new type of. J. H. West- 

BROOK AND R. C. DEVRIES.......... 220 
Model of a potential energy surface, J. L. 

Model of the alpha helix configuration in 

polypeptides. Tuomas A. WHALEN... 136 


Model, magnetic, for complex ions and 
molecules. Wrestey W. WENDLANDT.. 223 
Models, crystal, Construction of from styro- 
foam spheres. THomas R. P. Gras, Jr., 
anp HerBerT Bassow.............- 99 
Models, lecular, inexpensive, for use in 
the laboratory. JoHn TANAKA...... 603 
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Models, New molecular, showing charge dis- 


tribution and bond polarity. R. T. 
Models, orbital, Atomic and molecular. 
L. 217 
Models, Schematic, of biochemical polymers. 
R. QuENTIN BLACKWELL............ 500 
Models, Some simple solid state. J. A. 
Modification of a slide projector for remote 
operation. J. H. Woop anp A. D. 
Molecular addition compounds of dinitrogen 
tetroxide. Harry H. Sister... ..... 555 
Molecular structure and photodecomposi- 
tion modes, Relations between. JAMES 
Molecular weights, determination of. Dem- 
onstration abstract............ A487, A534 
Motor fuel quality as related to refinery 
processing and antiknock compounds. 
FRANKLIN CONRAD AND WILLIAM W. 
Mutual influence of scientific activities and 
foreign relations, The. Water M. 
Narionat Cooperative Undergraduate 
Chemical Research Program. 
ETHALINE CorTELYOoU AND W. P. 
Nati Sai F dati year 
institutes for 1957-58............... 89 
National Science Foundation summer insti- 
tutes for science teachers..... ...... 88 
Nephel ric ts to determine 
the presence of chelates, The use of. 
New chemical section in the Deutsches 
Museum at Munich, The. Rvupo.r 
283 
New gland A lati: of Chemistry 
Teachers: 
Articles 
Building a natural rubber latex com- 
pound. Dare W. Burron........ 255 
Chemistry in the manufacture of 
modern gasoline. C. N. KimBeER.IN, 
A clearing house for summer employ- 
ment of teachers, SrTepHen S&S. 
Construction of crystal models from 
styrofoam spheres. Tuomas R. P. 
Giss, Jr. anD Hensert Bassow... 99 
Group research in a small department. 
Microchemical apparatus: a long-term 
project. Joun T. Srock.. 
Odling, William, Faraday’s successor. 
Reaction rates for the practical chem- 
ist. Joun O. Epwarps............ 47 
Research in a liberal arts college. 
467 
Conferences 
Nineteenth summer conference... .... 624 
Meetings 
Adjourned annual meeting...... 412, 625 
287th, Keene New Hampshire........ 152 
288th, Boston, Massachusetts....... . 152 
289th, Fall River, Massachusetts... . . 308 
290th, Hartford, Connecticut......... 411 
291st, Attleboro, Massachusetts...... 412 
New molecular models showing charge dis- 
tribution and bond polarity. R. T. 
New techniques of photochemical synthesis. 
130 
New techniques in photochemistry. Nor- 
New type of Crystal model, A. J. H. 
WesTBROOK AND R. C. DEVRIES..... 220 
Nine-day conference for high-school chem- 
istry teachers, A. Sister M. Law- 
RENCE O’DonneELL, R.S.M............ 281 
Nitrogen compounds, inorganic, Recent ad- 
vances in the chemistry of........... 537 
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Nitrogen derivatives of phosphorus and sul- 


Nomograph for correction of boiling points, 
Nonaqueous and mixed solvents, Use of ion 
exchange resins with. O.D. Bonner... 174 
Nonaqueous solvents, inorganic reactions in, 
Titrimetry in the study of. Ortanp W. 
Norms, Condensed, for A.C.S Cooperative 
Norris award honors Mount Holyoke emeri- 
Notes on the history of the separatory fun- 
nel. Hans ScCHINDLER.............. 528 
Nuclear magnetic resonance. Henry L. 
Numbers and structures of isomers of hexa- 
covaient complexes, The. Joun C. 
334, (L)623, (L)626 
Opuine, Fara day’s successor (P). 
Balgh B. (P)....... 106 
Organic chemistry 
A.C.S. examinations review............ 146 
Analysis by mass spectremetry... . 72 
Apticonvulsant drugs............. 199 
513 
Comparative carbon and silicon........ 463 
2,4-Dinitrobenzenesulfeny] chloride... . . 510 
10, 64 
Gasoline manufacture.......... ti 569 
H bonding in polymers............ 480 
Isotopic isomerism................ 299 
217 
Photochemistry............ 112, 121, 126, 120 
158 
Reduction with metal hydrides......... 367 
Reformatskii reaction................. 530 
Tall oil derivatives................. 613 
Tartaric acids......... . 147, 150, 339, (L)566 
Wohler synthesis demonstration...... . A575 
Organic isocyanates—versatile chemical in- 
termediates. R. G. Arnoup, J. A. 
Newson, AnD J. J. VERBANC........ 158 
Organic molecules and their behavior, Some 
aspects of. Orro ReinmuTH. 
I, Electronegativity.................. 272 
Organometallic compounds: ferrocene. 
Marvin Ravuscu, Martin Vogel, and 
Haro_p ROSENBERG................ 268 
Oscillator, A combined, amplifier, and power 
supply for conductance bridges. W. F. 
Luper, E. F. McCarren, Jr., anp A. 
328 
Our constantly changing language. Joun E. 
Oxidation and reduction of ions at elec- 
trodes, demonstration............... 
Oxygen 
Demonstration abstracts. Husert N. 
Ozone 
Demonstration abstracts. Husert N. 
A137 
Ozonizer, small, compact, for laboratory 
use, A, Tuomas P. WHALEY........ 94 


Pacific Southwest Association of Chemistry 
Teachers: 
Articles 
Assignment of p and Lt prefixes to the 


tartaric acids. Joun Leo ABERNETHY 150 
Chemical aspects of anticonvulsant : 


Chemistry course for high-school 
teachers. Ricwarp H. Eastman. 


356 


Chemistry of citrus fruits. Guenn H. 


Comparative organic chemistry : ensben 

and silicon. I. J. Wik........... 463 
Evidence from infrared spectroscopy for 
hydrogen bonding, The. Met Gor- 
Note on the p and L prefixes of ihe 
tartaric acids, A. Joun Leo ABER 
566 
Nuclear resonance. L. 
Personalities por Joun Leo 
ABERNETHY........... 252 
Recent methods for the preveation of 
dental caries. Henry M. Leicester. 96 
Sidelights on chemical education in 
Japan. G. Ross RosBerTson...... 44 
Some electrochemical experiments for 
freshmen. Met 409 
Synthesis of an azo dye as a ‘fentene 
demonstration. G. Ross Rosert- 
Officers, Southern Section. . 568 
Paper chromatographic of Que I 
cations, A rapid. Srernen P. Marion 

87 
Parity law, Reversal of in nuclear phyulee. 

N.B.S. Tech. Report 2096....... . 288 
Perkin, Sir W:lliam Henry: pioneer of chem- 

ical industry. Srr Rospert Rosin- 

"30, 32, 70 
Penodic table, A. H. C. Lonevet-Hie- 

Periodic table and new periodic functions, 

A. Z.G. Szaso anp B. Lakaros.... 429 
Peroxide rocket demonstration........ A575 
Petroleum 

Gascline manufacture................. 569 
pH, exact expression. E. R. NIGHTINGALE, 

pH, wal, A303 
Pharmacology 

Philosophical studies by the Duchess of 

Newcastle. Virginta BaRTOW........ 82 
Phonons: imperfections in crystals. J. M. 

Phosphorus and sulfur, Nitrogen derivatives 

Photochemical quantum yield, An experi- 

ment to determine a. ArTuur A. VER- 

NON AND GeorGe S. FcrBES....... 350 
Ph hemistry, Symp on recent ad- 

Physical chemistry 

A.C.S examinations review....... 146 
Boiling point correction... . 58 
Contact angle measurement. 196 
Critical state........... 492 
Electrode potentials. . . 433 
Enzyme kinetics........... 22 
Exact expressions for pH.. . 277 
First order reactions. . . 148 
Free radical kinetics. . . 10, 64 
Imperfections in crystals. . . 224, 343 
Le Chatelier’s principle................ 375 
Magnetic rotation....... fe 444 
Measuring gas specific 78 
Nuclear magnetic resonance............ 618 
Photochemistry........ 112, 121, 126, 130 
Potentia] energy surface.............. 215 
Quantum yield experiment............. 350 
Radiation chemistry. ..... 586 
Radioisotope experiments............. 578 
Second order rate equation..... 251 
230 
Physical chemistry, A ——— program 
in. Emm J. Jr.. . 351 
Plastics 
Coating for glassware............. 248 
Polymerization 
158 


ve 


a 


Polymers, high, and i 


Hydrogen bonding in. Mavaice L. 


Polypeptides, Model of the alpha helix con- 
figuration in. Tuomas A. WHALEN... 136 


Portable mixture calorimeter of high abso- 

lute accuracy, A. Dwieut F. Mowery, 

Potassium bromide discs, A simple evacu- 

able die for the preparation of. Emu H. 


Potential energy surface, Model of a. J. L. 


Preparation of carbonate-free bases. Jack 
E. Maynarp A. Hitter. 330 
Principle of Le Chatelier and Braun, The. 
Proceedings—See Pacific Southwest Associa- 
tion of Chemistry Teachers 
Processing color film. StepHEN P. Marion. 441 
Projector, slide, for remote operation, Modi- 
fication of a. J. H. Woop anp A. D. 
Public chemistry lectures of Benjamin 
Tucker, The. WynpHaAm D. MILEs AND 


Punched card perpetual calendar, A. 

611 
Punched cards, A jig for preparing. CARL 


Punched cards, machine-sorted, A simple, 
rapid system of coding and abstracting 
chemical literature. STANLEY KinscH- 


ret ain 381, 383, 387, 389, 391, 393, 400 


Paper chromatography................ 87 
Silver-copper 297 
612 


Qualitative analysis and analytical chemi- 
cal separations without the use of sul- 
fides. W. West anp Maurice 
Qualitative analysis course should teach 
analysis. Frepertck C. Strona III. 400 
Qualitative analysis, Identification analysis, 
a stimulating revival of. Ricuarp E. 


Qualitative analysis in the training of chem- 

ists. A. A. BENEDETTI-PICHLER, 

FRANK ScHNEIDEN, AND OrTo F. STEIN- 


Qualitative analysis, The inclusion of tungs- 
ten and thallium in the elementary 


scheme of. K. L. Warers, C. J. 

Brockman, AND W. H. WaaGconer... 137 
Qualitative analysis—what, why, how? 


Quantitative analysis by ultraviolet spectro- 
photometry. Mosue Isu-SHatom, J. 
D. Fitzpatrick, AND Mitton Orcuin. 496 


Rapiations, ionizing, Chemical effects of, 
on aqueous inorganic solutions. EpwIn 


Radioactive decay, rapid, A demonstration 
of. Wiiuiam H. Jones............. 406 
Radiochemistry 
Rapid decay experiment............... 406 
Radiochemistry laboratory course using 
authorization-exempt quantities of 
radioisotopes, A. Rospert WesT..... 
Radioisotopes on your rooftop. LuTHER 
Rakestraw, Norris 34 
Raoult's law, Vapor pressure and, demon- 


Rapid paper chromatographic analysis of 
Group I cations. SrePpHeN P. Marion 


87 
Rate equation, second order, On the. ABDEL 

Reaction rates for the practical chemist. 


Reactions in liquid ammonia. Grorce W. 


Reactions in liquid dinitrogen tetroxide. 
555 
Reactions, Color—red, white, blue, dem- 
Reading for honors in chemistry. Duncan 


Recent advances in the chemistry of in- 
organic nitrogen compounds, sym- 


Recent advances in photochemistry, sym- 


Recent developments concerning the signs 
of electrode potentials. Truman S. 
Licut AND ANDRE J. DEBETHUNE..... 433 
Recent methods for the prevention ef dental 
caries. Henry M. Leicester. ..96, (L)310 
Recollections of William Ostwald, my father. 
Wa Ostwatp. (Tr. by Raupu E. 


328 
Recommendations for admission to medical 
schools. Louis F, Fieser........... 242 
Redox reactions, Electron flow in—demon- 
Reduction with complex metal hydrides. 
Reference books for advanced placement 
Reformatskii, S. N., and his reaction. A. 


Relations between molecular structure and 
photodecomposition modes. JAmeEs N. 


Renaissance of inorganic chemistry, The. 
Rowaup 8. 166 


Report—See New England Association of 
Chemistry Teachers 
Research, Chemical, in liberal arts colleges, 


1952-56. Jonun R. SamMpeEy......... 352 
Research in a liberal arts college. Emma P. 


Reversal of parity law in nuclear physics. 


Technical Report 2086. NaTioNnaAL 
BurREAvu OF STANDARDS.............. 288 
Reversion of the synthesis of urea, demon- 
54 
Royal Institution of Great Britain, The. 
Rubber latex, Building a natural com- 
pound. Date W. Butron......... 255 


Sare handling of hazardous materials in 
glassware, A technique for. R. L. 

Safe mixing and storage of acid or alkali 
solutions. G. NicHouson.. 254 


Salts 
Demonstration abstracts. Husert N. 
Sch t dels of bioch 1 polymers. 
R. QuENTIN BLACKWELL............ 500 


Science and the humanities: the unity of 
knowledge. W. F. Forpes G. M. 

Scientific and technical literature of the 
U.S.8S.R. M. Hosen. 


III Distribution and Availability... .. 235 
Scientific literature of Israel, The. Curtis 
L. Browx, AND JUDA FRANKL........ 301 
Scientific method, Teaching the, in college 
general chemistry. Jay A. Youna... 238 
Second order rate equation, On the. ABDEL 
Sidelights on chemical education in Japan. 
G. Ross 44 
Silicon and carbon. Comparative organic 
463 


Simple and efficient device for cleaning 
dropping bottles, A. Yi-WEN 

Simple evacuable die for the preparation of 
potassium bromide dises, A. Emin H. 


Simple, greaseless, variable take-off still 
head, A. Micuaet P. Brown AND 


Guratp W. A. 234 
Simple kinetic model for single and consecu- 
tive first order reactions, A. Mitton 
Simple, rapid system of coding and abstract- 
ing chemical literature using machine- 
sorted punched cards. StTanuey Kir- 
Simplified electrolysis apparatus, A. Louis 
291 
Simplified isot for vapor pressure 
measurements, A. James C. STERN- 
Simplified magnetic rotation apparatus, A. 
34 
Small, compact ozonizer for laboratory use, 
Sodium and chlorine, The reaction of, dem- 
A265 
Sodium through glass. D. K. ALPERN..... 289 
Solid state 
Demonstration abstracts. Husert N. 
Solids, Elastic properties and specific heats 
Cam W. 597 
Solids, Surfaces of. J. A. Morrison...... 230 
Solubility product constant for copper 
iodate: an experiment. B. H. Perer- 
Some aspects of organic molecules and their 
behavior. Orro REINMUTH. 
1. Electronegativity................ 272 
Some simple solid state models. J. A. 
South America, The chemical and related 
literature of. Leo J. STEVENS....... 90 
Specific heats of a gas, Measuring the ratio 
of. Josepu A. ScHUFLE............ 78 
Specific heats of solids, Elastic properties 
and. Can, W. GARLAND............ 597 
Spectrofluorometer, Student-built. Jack M. 
Gotpstern, M. McNass, 
Spectrophotometry, ultraviolet, Quantita- 
tive analysis by. Mosue Isu-SHALom, 
J. D. Frrzpatrricx, anp MILTON 
Spectroscopy 
Evidence for hydrogen bonding......... 304 
Spirit of technological research, The. E. V. 
354 
Spontaneous generation, The chemical 
problem of. Sipney W. Fox........ 472 
Spot reaction experiments. Fritz 
(Tr. by Ralph E. Oesper)..........- 457 
Stability of iron(II) hydroxide, The. Karu 
H. Gaver AND LEO WOONTNER...... 178 
States of matter, The. Solutions. Atomic 
and molecular weights. Demonstra- 
tion abstracts. Hupert N. ALYEA... 
A289, A313, A359, A391, A486, A534 
Statistical-mechanical basis of Trouton’s 
rule, The. Dan McLacuian, JR., AND 
Stereochemical relationships of the aldoses, 
A chart of the. P. F. Neuson........ 179 
Stereochemistry 
Hexacovalent complexes..............- 334 
Tartaric acids........ 147, 150, 339, (L)566 
Stereochemistry, Aids im teaching: plastic 
sheets for plane projection diagrams. 
355 
Still head, A simple, greaseless, variable 
take-off. P. BROWN AND 
Geratp W. A. 234 
Stirrer, An Improved. Jerome H. Lupwie 
AND K. 616 
Stirrer for use in dialysis, A. TREVOR 
516 
Storage of acid or alkali solutions. DouGLas 
Story of Liebig’s Annalen der Chemie, The. 
Strecker, Adolph Friedrich Ludwig........ 529 
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Structural chemistry + 


Dinitrogen tetroxide................ 555 
Student-built spectrofluorometer. Jack 
M. Gotpstein, WALLAcE M. McNass, 
Student-constructed i buildi A. 
Student, Der, die Methode, und Ach! 
Recuanp W. 374 
Study of free radical reactions through 
photochemistry, The. Harry E. Gun- 
Sublimation pressure visualized, d tra- 
Sucrochemistry and the world food problem. 
Suggested convention for the representation 
of ionic substamees, A. Sraniey G. 
Sulfur and phosphorus, Nitrogen deriva- 
Sulfuric acid, The nature of ionic and molec- 
ular species in. Cart H. BruBaker, 
Summer employment of teachers, A clearing 
house for. SrepHen S. WINTER...... 204 
Summer institutes for science teachers, Na- 
tional Science Foundation........... 8& 
Surfaces of solids. J. A. Morrison....... 230 
Syllabus, minimum, for a college preparatory 
course in chemistry. NEACT....... 307 
Symposium 
Qualitative analysis................... 387 
Recent advances in photochemistry... . . 112 
Recent advances in the chemistry of in- 
organic nitrogen compounds.......... 537 
Synthesis of an azo dye as a lecture demon- 
stration. G. Ross RoBERTSON...... 566 
Synthesis, photochemical, New techniques 
Taxt oil and terpene derivatives. GEORGE 
Tanning, Chemistry of in ancient Mesopo- 
tamia. Martin LEVEy............. 142 
Tartaric acids, Assignment of p and L pre- 
fixes to the. JoHn Leo ABERNETHY... 150 
Tartaric acids, Assignment of p and L pre- 
fixes to the. Costin D. Nenirzescu. 147 
Tartaric acids, Assignment of p and L pre- 
fixes to the. Husert Braprorp Vick- 
Teacher training 
High-school chemistry................. 281 
Kentucky chemistry teachers take a look 
Shell program for high-school teachers... 356 
University of Texas (L)................ 155 
Teaching aids 
220 
Electron configurations................ 504 
Flame demonstration (L).............. 101 
3 
217 
Potential energy surface............... 215 
Projection diagrams................... 355 
Remote operation projector. ..... . 8 
210 
179 


Styrofoam crystal models. ............ 
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Teaching electron configurations. Jack W. 
504 
Teaching techniques 
Electrochemical experiments for fresh- 


Inorganic 334 
Logarithmic charts................... 341 
Molecular models..................... 195 
Physical chemistry laboratory.......... 351 
Qualitative analysis. 381, 383, 387, 391, 393, 400 

Teaching the scientific method in college 

general chemistry. Jay A. Youna.... 238 

Technical writing 
Technique for preparing lantern slides. 


Technique for safe handling of hazardous 
materials in glassware, A. R. L. 


Technique for vacuum filtration, A. James 
Terpene derivatives, Tall oil and. GrorcEe 
Tested demonstrations 
Electrode potentials................... All 
Chemistry in photography............. All 
Burning magnesium in steam........... A63 
Heat conductivity of gases............. A63 
A105, (L)362 
Hydrogen bonding in liquids........... A105 
Color reactions—Red, white, blue....... A169 
Concentration cells—hydrogen ion.A169, (L)362 
Vapor pressure and Raoult’s law....... . A209 
Oxidation and reduction of ions at elec- 
The reaction of sodium and chlorine... . A265 
Displacement of halogen gases......... . A265 
A303 
Colored clock reactions........+ A303, A375 
Conductivity test set.................. A347 
Qgemt. ... A347 
Inflammability and density of vapors... A375 
Demonstration notes. A375 
Color reactions—water, wine, milk... ... A481 
Electricity by chemical reaction....... . A481 
Sublimation pressure visualized......... A525 
Electron flow in redox reactions........ A525 
Catalytic decomposition—a peroxide 


Textbook errors. Karo. J. 

X. The classification of crystals... 
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